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Abstract
Cancer development is essentially a tissue remodeling
process in which normal tissue is substituted with cancer
tissue. A crucial role in this process is attributed to
proteolytic degradation of the extracellular matrix (ECM).
Degradation of ECM is initiated by proteases, secreted by
different cell types, participating in tumor cell invasion
and increased expression or activity of every known class
of proteases (metallo-, serine-, aspartyl-, and cysteine)
has been linked to malignancy and invasion of tumor cells.
Proteolytic enzymes can act directly by degrading ECM or
indirectly by activating other proteases, which then
degrade the ECM. They act in a determined order, resulting
from the order of their activation. When proteases exert
their action on other proteases, the end result is a cascade
leading to proteolysis. Presumable order of events in this
complicated cascade is that aspartyl protease (cathepsin
D) activates cysteine proteases (e.g., cathepsin B) that can
activate pro-uPA. Then active uPA can convert plasminogen
into plasmin. Cathepsin B as well as plasmin are capable
of degrading several components of tumor stroma and may
activate zymogens of matrix metalloproteinases, the main
family of ECM degrading proteases. The activities of these
proteases are regulated by a complex array of activators,
inhibitors and cellular receptors. In physiological conditions
the balance exists between proteases and their inhibitors.
Proteolytic-antiproteolytic balance may be of major
significance in the cancer development. One of the reasons
for such a situation is enhanced generation of free radicals
observed in many pathological states. Free radicals react
with main cellular components like proteins and lipids and
in this way modify proteolytic-antiproteolytic balance and
enable penetration damaging cellular membrane. All these
lead to enhancement of proteolysis and destruction of ECM
proteins and in consequence to invasion and metastasis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The conversion of normal cells into invasive cancers with
metastatic potential is a process that involves several steps.
These steps are manifested in distinguishable histological
and temporal stages; for instance, normal tissue, hyperplasia
with a high incidence of proliferating cells, dysplasia with
the induction of angiogenesis before the emergence of frank
tumors with metastatic potential. Analysis of the latter stages
of tumor progression has resulted in a multi-step theory of
carcinogenesis on the basis of genetic changes involving
activation of oncogenes, inactivation of tumor suppressor
genes and altered expression of tumor-associated molecules.
Requisite for neo-plastic cell and capillary or inflammatory
cell invasion during carcinogenesis processes is the remodeling
events that occur within the stroma or extracellular matrix
(ECM). The ECM is a complex meshwork of collagens,
fibrillar glycoproteins and proteoglycans that determines
tissue architecture and conditions many biological activities.
The ECM is involved in both normal and pathological
processes. Components of the ECM provide a large variety
of specific signals that directly influence cell proliferation,
migration, morphology, differentiation, and biosynthetic
activities[1]. In addition, ECM plays an essential role in cell
survival, since loss of adhesive contact, results in apoptosis
termed anoikis[2]. In tumors, alterations of the ECM might
therefore lead to abnormal host and cancer cell functions and
even to cancer progression. Perturbations in the production,
deposition and degradation of matrix components have been
observed in mammary carcinoma[3]. Quantitative changes
in matrix components may be related to an imbalance
between their synthesis and degradation. Tumor cells may
directly alter the adjacent matrix by changing the production
of matrix proteins or proteolytic enzymes. Alternatively,
the desmoplastic response may depend on specific interactions
between tumor cells and host fibroblastic cells.
It is suggested that perturbation of the tissue microenvironment may be sufficient to induce tumor formation.
Moreover, tumor cell invasion and metastasis also require
destruction of the ECM during local invasion, angiogenesis,
intravasation and extravasation. These processes are
mediated by multiple degradative actions of proteolytic
enzymes and these complex events need cooperation of
different specificity proteases. There are four major groups
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of endoproteases: the aspartyl and cysteine enzymes (mainly
cathepsins), which function at low pH and are involved
mainly in intracellular proteolysis within lysosomes and serine
and metal-dependent enzymes, which are active at neutral
pH and responsible for extracellular proteolysis[5]. These
enzymes can act directly by degrading ECM or indirectly
by activating other proteases, which then degrade the ECM.
They act in a determined order, resulting from the order
of their activation. When proteases exert on other proteases,
the end result is a cascade leading to proteolysis. Presumable
order of events in this complicated cascade is that procathepsin
B can be activated by cathepsin D and other proteases[6] .
Once activated, cathepsin B may play an important role as
an activator of other proteases. For example, active cathepsin
B can activate pro-uPA, which is secreted as an inactive
proenzyme[7]. Then active uPA can convert plasminogen into
plasmin. However, cathepsin B and plasmin are capable of
degrading several components of tumor stroma and may
activate zymogens of matrix metalloproteinases (MMPs)
(Figure 1)[8].
pro-cathepsin D

pH<5

Cystatins stefins

Cathepsin D
pro-cathepsin B
pro-cathepsin L

pro-uPA

Cathejpsin B
Cathepsin L

PAI-1,2,3
PN1
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Plasminogen
Elastin

tPA

Elastase

2-antiplasmin
2-macroglobulio

Plasmin
Latent
antiprotease neutrophil
el asiase
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membrane also stands in the way of migrating neo-plastic
cells. The main component of the basement membrane is
collagen type IV. Leukocyte proteases participate in the
process of protease activation and facilitate neoplastic cells
passing through the basement membrane[10]. The contact
of leukocytes with neoplastic cells enhances the synthesis
of other proteolytic enzymes. Consequently, common action
of different substrate specificity and localization in protease
activation processes are completed and degradation of the
ECM proteins and the basement membrane contribute to
cancer development.

LYSOSOMAL PROTEASES - ASPARTYL AND
CYSTEINE PROTEASES
Activation of cascade proteases participating in ECM
degradation, in general, is induced by acidic proteases that
are named cathepsins and collected mainly in lysosomes. In
normal cells, only a small (5-10%) quantity of cathepsins
occurs in cytosol. However, tumor promotion is connected
with disturbances in post-translational glycolization and
phosphorylation of proenzymes in Golgi apparatus that
prevents their transport to lysosomes. Consequently, a great
majority of these proteases occur in cytosol of neoplastic
cells[11]. The biological task of cathepsins is to degrade cellular
and extracellular proteins and cathepsins, with different
specificity, are complementary in their action on proteins.
They cause total proteolysis degrading proteins of ECM
and basement membrane components, as well as, participate
in limited proteolysis, e.g., activating proenzymes and
prohormones[12-14]. Aspartyl protease cathepsin D and many
cysteine proteases participate in tumor development.

MMPs

pro-MMPs

Fibronectin
TIMP-1,2,3
2-macroglobulio

Activation

March 7, 2005

laminin
proteoglicans

ECM proteins

Inhibition
Degradation

Figure 1 Regulation of ECM proteolysis.

In the result of the above reactions, the first glycoproteins
are degraded by cathepsins and plasmin and afterwards
collagen is degraded by metalloproteinases. This order is a
result of ECM composition. Glycoproteins surround
collagen structures and protect them against proteolysis.
Removing glycoproteins by plasmin enables collagen
degradation by collagenases. The degradation of these
components destabilizes ECM structure and enables
neoplastic cells to migrate. Normal and neoplastic cells
adhere to adhesive proteins localized on cell membrane
surface junctions. There are also cell adherence to cell and
cell to ECM adherence. Detachment of neo-plastic cells
from the tumor is enabled by action of proteolytic enzymes
degrading these proteins[9]. Free neo-plastic cells migrate in
dense mesh of ECM due to proteolytic enzymes. Neoplastic cells that cannot change their shape easily are
particularly difficult to pass through ECM. The basement

Aspartyl protease
Cancer cells are characterized by over-expression and secrete
a large proportion of cathepsin D[15]. Over-expression of
cathepsin D has been described both at mRNA and at
protein levels[16-18]. Cathepsin D is synthesized in an inactive
form as procathepsin D, which has no proteolytic activity[19].
It is auto-activated in an acidic environment (pH<5) in acidic
intracellular vesicles or activated during the action of other
proteases[20]. Secreted procathepsin D could also be activated
extracellularly in sufficiently acidic milieu. The extracellular
pH in tumors is generally more acidic than that in
corresponding normal tissue[21]. Above transformations lead
to the formation of an active mono-chain form and then
to the formation of an active bi-chain form. No difference
has been shown in the composition and amino acid sequence
of cathepsin D in normal and neoplastic tissues. The
observed qualitative differences concern only the enzyme
structure depending on post-translation processes[22]. But
there are differences in distribution of cathepsin D, i.e., it
is found not only in the lysosomes of cancer cells but also in
the cytosols as well[23-25]. The significant increase in cytosols
and in the neo-plastic cells has been shown in cases of
breast cancer[26]. Moreover, the correlation between high
cathepsin D expression in cytosols and poor survival in
node-negative breast cancer is observed [27,28]. Marked
expression of cathepsin D takes place in carcinomas of uterus,
ovary, lung, intestines and many other organs[24,26,29-31]. Related
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increase of cathepsin D activity and concentration is also
observed in the fluids of the body cavities and in the blood
serum of patients with carcinomas[32-37].
Cathepsin D as an endopeptidase degrades many
intracellular and endocytosed proteins, as well as, ECM
proteins and proteins of the basal epithelium. Cathepsin D
participates in limited proteolysis and activates cysteine
procathepsins B and L; it also degrades and makes inactive
their active forms[6] . In addition, it inactivates cysteine
proteases inhibitors - cystatins[38]. It has been shown that
human cathepsin D stimulates tumor growth by acting
directly or indirectly as a mitogenic factor on cancer cells
independently of its catalytic activity [39]. Cathepsin D
stimulates proliferation and tumor angiogenesis of cancer
cells. It was suggested that cathepsin D stimulates angiogenesis
by releasing ECM-bound bFGF or pro-cathepsin D is
responsible for generation of specific inhibitor of angiogenesis
angiostatin[12,40]. Now it is speculated that cathepsin D may
stimulate endothelial cell growth via a paracrine loop, acting
as a protein ligand, by directly or indirectly triggering a yet
unidentified cell surface receptor[39,41]. Moreover, it has been
documented that cathepsin D influences apoptosis and
mediates apoptosis induced in cell lines by various agents, i.
e., INF-, Fas/APO, FNF- and oxidative stress[42,43] .
However, now it is suggested that proteolytic action of
cathepsin D may provide some protection against apoptosis
[39]
. Thanks that it participates in the process of neo-plastic
growth and metastasis. Moreover, until now an endogenous
cathepsin D inhibitor has not been found, the reason why it
can work in each condition is still unknown.
Cysteine proteases
The second step in proteolytic cascade may be linked with
different lysosomal cysteine proteases, including cathepsins
B, L, H, C, S, F, K, O, V, W and X[44]. The promotion role
of these cathepsins is connected with their proteolytic effects
on basement membrane and interstitial stroma[45]. In normal
cells, these cathepsins are regulated at every level of their
biosynthesis including transcription, post-transcriptional
processing, translation, post-translational processing and
trafficking, thus maintaining their normal function in cell
metabolism. In tumor cells, misregulation of cathepsins at
one or more of these levels results in increased mRNA and
protein expression, increased activity and altered intracellular
distribution[45] . Among the lysosomal cysteine proteases,
cathepsin B has been the most extensively investigated due to
its important role in cancer progression[45-48].
Increased expression together with enhanced secretion
and cell surface association of cathepsin B is found in
different types of tumor cells, especially in their more
malignant variants[25,49,50]. Studies have revealed that enhanced
production and release of this cathepsin in tumor cells lead
to tumor cell growth, invasion and metastasis[51,52].
It has been found that cathepsin B mRNA, protein level
and activity in tumors and cancer cell lines, especially with
high metastatic potential, are increased[48]. Over-expression of
cathepsin B mRNA has been reported in several human tumors
including tumors of brain, colon, prostate and thyroid[52-55].
However, increased expression of cathepsin B, in premalignant lesions, suggests that this enzyme may play a role
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in the transformation of pre-malignant lesions to malignant
tumors[56] . Moreover, it has been found that cathepsin B
expression often increases specifically at the invasive edge
of tumor cells[53], because granules containing cathepsin B,
in normal tissues, are localized perinuclear while during
tumor progression they move to the inner basal surface of
plasma membrane[57]. The redistribution of cathepsin B to
the basal membrane in cancer cells occurs coincidently with
degradation of the underlying basement membrane. It is
very important for degradation of the surrounding ECM
in tumor progression, because tumor cell invasion involves
local proteolysis.
Although, a few studies indicate a correlation between
cathepsin B mRNA over-expression and tumor invasion,
numerous studies have been focused on cathepsin B
expression at the level of protein and activity. Cathepsin B
protein and activity levels have been found to be higher in
many human tumors including tumors of breast, cervix
and ovary, colon, stomach, glioma, lung and thyroid[48,58,59].
Cathepsin B like other cathepsins is synthesized as a
proenzyme and activated in prelysosomal acidic vesicles prior
to its delivery to lysosomes. Procathepsin B can be activated
by cathepsin D, elastase and cathepsins G, uPA or tPA[6].
Mature cathepsin B is localized in lysosomal and participates
in intracellular proteolysis. However, in cancer cells
significant increase of cathepsin B in cytosol has been
observed[60,61]. Increased secretion of proenzymes, as well
as, mature enzymes by human colorectal carcinoma cell
lines and hepatomas and human liver, colorectal and lung
cancers have been reported[62-64]. Moreover, secretion of
procathepsin B can occur from cells that do not exhibit an
increase in mRNA levels, indicating that this secretion is
probably due to altered intracellular trafficking and
distribution of this enzyme[65]. Another indication that tumor
cells secrete cathepsin B is the increased serum level of
cathepsin B in patients with hepatocellular carcinoma,
prostate cancer and melanoma[66-68]. In addition, cathepsin
B has also been found in other body fluids surrounding
tumors, such as bronchoalveolar lavage fluid of lung cancer
patients or cerebrospinal fluid from patients with leptomeningeal
metastasis[69,70].
Cathepsin B can affect extra-cellular connective matrix
directly causing its proteolytic degradation or indirectly via
activation or amplification of other ECM-degrading
proteases. This cathepsin may act on the contact regions of
tumor cells and basement membrane or interstitial stroma.
These places are often acidified by tumor cells, that are
conducive to activation of secreted precursors to active forms
that degrade the protein components of basement membranes
and the interstitial connective matrix including laminin,
fibronectin, elastin, and various types of collagen[71,72]. Digestion
of fibronectin by cathepsin B results in exposure of the
CS-1 sequence, which is within the alternatively spliced type
III connecting segment (IIICS) of fibronectin and recognized
by the integrin receptor, 4 1[73]. In this way, cathepsin B
may not only be involved in extra-cellular degradation but
may also be linked to cellular signal transduction events.
Cathepsin B indirectly enhances proteolysis by activating
the urokinase-type pro-plasminogen which can subsequently
activate the plasmin-metalloproteinases proteolytic
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pathway [74,75] . Moreover, cathepsin B may change the
balance between metalloproteinases and their inhibitors and
directly activates some of the MMPs - interstitial procollagenase
(proMMPs-3) and prostromelysin-1 (proMMPs-2)[76,77] ,
directly cleaves and inactivates some of the MMP inhibitors
TIMP-1 and TIMP-2[78]. In such a way, cathepsin B assists
tumor cells in their detachment from ECMs and metastasis.
Moreover, during proteolytic breakdown of ECMs, some
ECM-bound growth factors such as bFGF, EGF, TGF-,
IGF-I and VEGF may be liberated and become bioavailable
for growth modulation of receptor-partner expressing tumor
and stroma cells[79,80].
It has been proved that another cysteine protease,
cathepsin L, has similar proteolytic properties and action in
tumor progression to cathepsin B[81]. The highest level of
cathepsin L is seen in most of the tumors and transformed
cell lines possessing the highest malignancy[82]. The cathepsin
L gene may be activated by a variety of growth factors and
activated oncogenes [83]. It has also been shown that
procathepsin L possesses proteolytic activity and can act
like a growth factor or a progression factor on cell proliferation
and is involved in differentiation processes[83,84]. Moreover,
procathepsin L degrades both fibronectin and laminin while
cathepsin L degrades types I and IV collagens, fibronectin
and laminin.
Other cysteine proteases like cathepsins H and K participate
in carcinogenesis. Cathepsin H is easily distinguished from
other endosomal cysteine proteases by its unique
aminopeptidase activity[85]. There is growing evidence that
the expression of cathepsin H increases in disease states
including breast carcinoma, melanoma, glioma, and lung,
colorectal, prostate and other carcinomas[11,60,86-90]. In contrast
to cathepsins B and L, it seems that the over-expression of
cathepsin H does not strongly correlate with the malignancy
of tumors or transformed cells[82]. Significant increase in serum
of patients with metastatic melanoma and significant decrease
in head and neck tumor tissues have been observed[91]. The
role of cathepsin H in tumor progressions is not well
understood. A possible function of cathepsin H in tumor
progression is its ability to degrade fibrinogen and fibronectin,
suggesting that along with other proteases, cathepsin H may
be involved in the destruction of ECM components leading
to cancer proliferation, migration and metastasis[92]. Cathepsin
K has a strong collagenolytic and elastinolytic activity and
may effectively degrade ECMs[93,94] . The expression of
cathepsin K is enhanced at mRNA level and even at protein
level in breast, lung and prostate cancers[95,96]. The activity of
lysosomal cysteine proteinases is controlled by inhibitors
existing in tissues, blood plasma and other body fluids, e.g.,
cystatins, stefins, kininogen and 2-macroglobulin[87,97,98].
Proteolytic activities of cathepsins B and L are inhibited
by cystatin family including secretory cystatins C, E/M, F
and stefins A and B[99-102]. The strongest inhibitory effect on
cysteine proteases demonstrates that cystatin C also inhibits
activity of cathepsins K and H [87,103]. Distribution of
particular inhibitors in organism is different. Stefins A and
B exist mainly in tissues whereas cystatin C and kininogen
in blood plasma and other body fluids[99]. The activity and
concentration of these inhibitors are changed in many
pathological conditions including cancer[104]. A decrease of
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cystatin concentration results in the increase of cysteine
cathepsin activity and enhancement of pathological process.
It has been demonstrated that cystatins can restrain tumor
cell invasion and metastasis[105]. In some regions of tumor
cells, with mild acidic pH, the activity of secreted cathepsin
B may also be inhibited by cysteine[106] . However, in the
regions of tumor cells, where the pH is neutral or slightly
alkaline, the secreted active cathepsins may undergo
irreversible inactivation[107-109] . In the presence of acidic
glycosaminoglycans the process of pH-induced inactivation
of cathepsins can be significantly slowed down[108,110].

SERINE PROTEASES
During the past decades, the important role of ECM, in
indirect digestion, has been attributed to plasminogen
activator system, which is composed of pro-activators,
plasminogen, their cell surface receptors and activation
inhibitors and antiplasmins. There are two types of
plasminogen activators: the urokinase-type (uPA) and the
tissue type (tPA). These activators are coded by two different
genes[111]. However, they are quite similar in structure. Both
are capable of catalyzing the conversion of inactive
zymogen plasminogen to active proteinase plasmin. There
is evidence that the primary role of tPA is to generate plasmin
for thrombolysis, while it is the uPA that generates plasmin
in events involving degradation of ECM. In consequence
uPA participates in cancer invasion and metastasis[112]. uPA
is released from cells as a zymogen form of pro-uPA, which
is converted to active form by plasmin, present in trace
quantities in ECM. Elastase and cathepsin B are also prourokinase activators[7]. UPAR, a surface receptor, binds to
pro-uPA with high affinity[113]. Coincident binding of prouPA and plasminogen to uPAR and free lysine groups, on
cell surfaces strongly enhance plasminogen activation[114].
This situation facilitates pro-uPA by plasmin and activation
of plasminogen by urokinase. Because plasmin is produced
in the second reaction, the activation behaves like a closed
cycle reaction. Two inhibitors control plasminogen activation.
There are two main inhibitors of plasminogen activators, PAII and PAI-2, while plasmin is inhibited by 2-antiplasmin[115].
These inhibitors belong to the serpin super-family. The other
serpins, proteinase nexin-1 (PN-1) and protein C inhibitor
can also inhibit uPA and tPA at physiologically relevant rates,
though they are not specific for plasminogen activators and
react more slowly with these proteases than PAI-1 and
PAI-2[116,117]. Active plasmin can degrade most ECM proteins
such as fibronectin, vitronectin and fibrin, a notable
exception being native collagens[118]. It can also indirectly
promote matrix degradation through activation of some
but not all pro-metalloproteinases[77]. Plasmin probably has
functions unregulated in matrix degradation, e.g., activation
of proforms of cytokines and growth factors such as proTGF- [119]. In addition, activation of proteolysis by
plasminogen activator system has been reported in several
human malignancies and is believed to contribute to tumor
cell mobility and invasion[120,121].
METALLOPROTEINASES
Metalloproteinases (MMPs) are a family of secreted or
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transmembrane proteins that are capable of digesting ECM
and basement membrane components under physiological
conditions. Based on their structure and substrate specificity,
they can be classified into different groups of closely- related
members. Collagenases degrade fibrillar collagen; gelatinases
are particularly potent in degradation of nonfibrillar and
denatured collagen (gelatin), stromelysins prefer proteoglycans
and glycoproteins as substrates, membrane-type MMPs
(MT-MMPs) and others[122-124] (Table 1). They share a catalytic
domain with the HEXGH motif responsible for ligating
zinc, which is essential for catalytic function[75]. In contrast
to soluble MMPs, MT-MMPs possess a transmembrane
domain at their COOH terminus, resulting in cell surface
localization[125]. MMPs are also characterized by a distinctive
PRCGVPD sequence in the prodomain that is responsible
for maintaining latency in the zymogens. MMP family
members differ from each other in structure by the presence
or absence of additional domains that contribute to activities,
such as substrate specificity, inhibitor binding, matrix binding
and cell-surface localization[126].
MMPs are generally produced by cells at very low levels.
However, when either physiological or pathological
circumstances require remodeling of ECM, increased
expression levels of the enzymes can be induced[127]. The
activity of MMPs is tightly regulated by the action of
activators or proenzymes and inhibitors. Transcriptional
regulation of MMP genes is mediated by an AP-1 regulatory
element in their proximal promote region[128]. MMP gene
transcription is induced by a variety of extracellular stimuli,
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such as cytokines (IL-4 and IL-10), growth factors such as
TGF-, bFGF, and TGF- and cell-cell or cell-matrix
interactions[129-135]. Binding of these stimulatory ligands to
their receptors triggers a cascade of intracellular reactions
that are mediated through at least three different classes of
mitogen-activated protein kinases: extra-cellular signalregulated kinase (ERK), stress-activated protein kinase/Jun
N-terminal kinases (SAPK/JNKs) and p38[136,137]. Activation
of these kinases culminates in the activation of a nuclear
AP-1 transcription factor, which binds to the AP-1 cis
element and activates the transcription of the corresponding
MMP gene[138]. Next to the AP-1 element, other transcription
factors such as ETS are involved in the regulation of MMP
gene expression during tumor cell invasion[137]. Expression
of ETS-1 has been demonstrated in stromal fibroblasts
adjacent to invading tumor cells and in endothelial cells
during tumor vascularization[139]. In general, the ERK1/2
cascade is activated by mitogenic signals, resulting in
phosphorylation of various substrates including Elk-1 and
subsequent activation of c-fos transcription. SAPK/JNKs
and p38 are activated by cytokines (THF, IL-1) and cellular
oxidative stress resulting in phosphorylation of c-Jun and
ATF-2, which then induce c-jun transcription [140,141].
Constitutively active mutants of Raf-1 and MEK1 transform
fibroblasts in vitro and in vivo, activation of the ERK1/2 pathway
has been observed in renal and breast carcinomas[142,143].
However, blocking the pathway ERK and ERK 2, by a
specific chemical inhibitor PD98059, inhibits the expression
of MMP-1 and MMP-2 by SCC cells, and their invasion

Table 1 Proteases participating in degradation of ECM components
Protease family

Protease

Aspartyl protease

Cathepsin D

Protease function

Protease inhibitors

Degradation of ECM components
Conversion of cysteine procathepsins into cathepsins

Cysteine

Cathepsins B, L, H, K

proteases
Serine proteases

Degradation of ECM components

Cystatins, stefins, kininogen

Conversion of pro-MMPs into MMPs
Plasmin

Degradation of ECM components

2-antiplasmin,

Activation of uPA

2-macroglobulin

Conversion of inactive elastase into elastase
Urokinase-type plasminogen activator (uPA)

Conversion of plasminogen into plasmin

Tissue-type plasminogen activator (tPA)

Conversion of plasminogen into plasmin

Neutrophil serine

Elastase

Degradation of ECM components

proteases

Cathepsin G

PAI-1, 2, 3
2-antiplasmin
2-macroglobulin
secretory leukoprotease inhibitor

Matrix metalloproteinases

Degradation of collagens and other ECM proteins

TIMP-1, 2, 3, 4

Activation another pro-MMPs into MMPs

2-macroglobulin

Degradation of collagens: I, II, III, VII, X and
Collagenases [MMP-1, 8, 13]

gelatins

Stromelysins [MMP-3, 10]

collagens III, IV, V, IX, fibronectin, entactin, SPARC,

Degradation of proteoglycans, laminin, gelatins,
collagenases-1
Degradation of gelatins, collagens: I, IV, V, VII, X,
Gelatinases [MMP-2, 9]

fibronectin, elastin, procollagenase-3
Degradation of collagen I, II, III, gelatins, aggrecan,
fibronectin, laminin, vitronectin, MMP-2,13, tenascin,

Membrane-type [MMP-14, 15, 16, 17, 24, 25]

nidogen
Degradation of proteoglycans, laminin, fibronectin,
gelatins, collagens IV, elastin, entactin, tenascin, 1

Others [MMP-7, 11, 12, 19, 20, 23]

-antiproteinase, amelogenin
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in vitro[122]. MMP expression has been shown in a variety of
tumor types including carcinomas of lung, colon, breast
and pancreas[3,144-148,149]. In addition, the plasma and urine
levels of MMPs are elevated in patients with cancer
compared with healthy subjects[150]. MMPs in tumor tissues
are produced not only by malignant tumors but also by stromal
fibroblasts and inflammatory cells[112]. These cells may produce
cytokines and proteins that induce the production of MMPs
by surrounding cells, creating extracellular networks of MMP
secretion and activation[151-153]. Furthermore, analyses of
cellular components derived from primary tumor tissues
or their corresponding lymph node metastases demonstrated
that expression of MMPs is increased in the metastatic
tissue, indicating that MMP expression is a component of
the metastatic process[148]. In addition, there is clinical evidence
that over-production of these molecules confers a poor
prognosis in patients with a variety of malignancies[154,155].
At the protein level, biological activity of MMPs is
determined by the action of activators of proenzymes and
inhibitors. In general, MMPs are secreted in latent forms
(as proenzymes) and require specific proteolytic activation[75].
Most MMPs are activated in the extra-cellular space, with
the exception of MMP-11 and MT1-MMP, which are
activated prior to secretion of intra-cellularly by furin-like
proteases[156] . This activation step serves as a regulatory
element. MMP activity is further regulated by MMP
inhibitors (TIMPs) and expression of molecules, which
present the active enzyme on the cell surface[157,158]. However,
most MMPs are converted into active forms in a specific
multistep activation process that is known as the “cysteine
switch”. A conserved unpaired cysteine residue in the
prodomain forms a coordinate bond with zinc ion at the
active site. Cleavage of the prodomain results in opening
of the active site by disruption of the zinc–cysteine bond
and is followed by loss of the amino-terminal prodomain[104].
For most MMPs, proteolytic activation is initiated in the
extracellular space by serine proteases such as plasmin and
urokinase plasminogen activator, neutrophil elastase or by
other members of the MMP family members, especially
MMP-2 and MMP-13 by MT1-MMP cleavage of the
proenzymes [104,127,156]. Activation of MMPs can also be
induced by non-proteolytic compounds such as thiol
compounds including oxidized glutathione and hypochlorous
acid [75,162]. Therefore, MT-MMP expression is another
regulating factor for MMP activation[124,138]. However, little
is known about the activation induced by other factors
including other MMPs, cytokines, trypsin, serine proteases,
reactive oxygen species, hypoxia, c-erbB ligands, and
leukocyte elastase[159-164]. Some activated MMPs can further
activate other proMMPs. MMPs containing a furin-like
recognition domain (RXKR) in their propeptides (MMP-11,
MMP23 and MT-MMPs) are activated intracellularly in
the trans-Golgi network by a group of calcium-dependent
transmembrane serine proteases (furin/PACE/kex-2)[124,165,166].
Proteolytically active MMPs may be localized on the cell
surface by binding to membrane molecules, which leads to
a more direct ECM degradation. Furthermore, functionally
active MMP-2 can also bind to integrin v  3 while
proteolytically active MMP-9 can associate with CD44[167-169].
Active MMPs are inhibited by various protease inhibitors
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such as non-specific protease inhibitors (2-macroglobulin
and 1-antiprotease) and a family of specific tissue inhibitors,
(TIMPs)[127]. There are currently four members of the
TIMP family (TIMP-1, -2, -3, -4) that have common
inhibitory effect on MMPs. TIMPs share several structural
similarities between each other such as the N-terminal MMP
binding site, 12 cysteine residues within the conserved
domain which form disulfide bonds[170,171]. TIMPs are found
to be involved in connective tissue turnover and remodeling.
They bind to MMPs by forming non-covalent complexes,
resulting in MMP inhibition[160]. TIMPs bind to either
proMMPs or active MMPs, thereby inhibiting the autocatalytic
capacity of active proteases. TIMP-1 and TIMP-2 regulate
activation of proMMP-9 and proMMP-2, respectively[160].
TIMP-1 inhibits the activity of most MMPs, with the
exception of MT1-MMP and MMP-2. TIMP-2 also inhibits
the activity of most MMPs, except for MMp-9. TIMP-3
inhibits the activity of MMP-1, -2, -3, -9 and -13 and human
TIMP-4 inhibit the activity of MMP-2, -9, -7 [172-175]. It is
clear that balance between active MMPs and TIMPs appears
to be critical for MMP activity and for ECM degradation.
The role of the MMP family in tumor development is
further complicated by the balance of these proteins in
relation to TIMPs. TIMPs have various antioncogenic
functions and the expression of TIMPs has been associated
with less aggressive tumor behavior and favorable prognosis
in patients with cancer[176]. For example, the exposure of
mouse fibroblasts to TIMP-1 and -2 in vitro could inhibit
oncogenic transformation by oncogenic viruses, whereas
administration of recombinant TIMP-1 to mice injected
with B16F10 melanoma cells could reduce the number of
pulmonary metastases[177]. Furthermore, transgenic mice
overexpressing TIMPs display resistance to intravenously
injected malignant cells. Conversely, exposure of mouse
fibroblasts to TIMP-1 antisense oligonucleotides could result
in the formation of metastatic tumors in nude mice given
injection of malignant cells[178]. Of interest, over-expression
of TIMP-3 induces apoptosis in various types of malignant
cells, suggesting that TIMPs may play a role in tumor cell
death[176]. Thus, the role of TIMPs in vivo is complex, and
the expectation that malignant tumors increase MMP
expression accompanied with decreased TIMP expression
is probably too simplistic[179-182].

SPECIFIC NEUTROPHIL PROTEASES
Apart from the above proteolytic systems participating in
enhanced degradation of interstitial matrix observed during
cancer development, neutrophil proteases may also take
part in it[183,184]. It has been shown that in particular chronic
inflammation neutrophils may create an environment that
supports tumor promotion [185,186]. In such a situation
proteases of accumulated neutrophils may be significant
factors for ECM degradation. Neutrophil granules contain
a large family of over 20 enzymes such as metalloproteinases,
collagenase, gelatinase and elastase and cathepsin G, but
has the greatest potential to act as a mediator of tissue
destruction[187,188] . However, the ECM is protected from
degradation by the major plasma protease inhibitors and
there is a critical balance between the enzymes and their
inhibitors [189]. 1-antiprotease, 2-macroglobulin and
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secretory leukoprotease inhibitors are the main plasma
protease inhibitors that effectively regulate extracellular
neutrophil elastase and cathepsin G [189,190]. However,
proteolytic-antiproteolytic balance directly depends on
reactive oxygen species (ROS) generated by activated
neutrophils[191]. It is known that inflammatory process and
different carcinogens stimulate phagocytic cells including
neutrophils, monocytes and macrophages, which undergo a
respiratory burst to generate both superoxide anion and
hydrogen peroxide[192]. The source of superoxide generation
in these cells is a membrane-bound NADPH oxidase that
remains dormant until activated by a complex cascade of
signal transduction[193,194]. The combined activities of NADPH
oxidase and myeloperoxidase in phagocytes leads to the
production of hypochlorous acid, one of the strongest
physiological oxidants[195]. In addition, it has been documented
that the generation of superoxide anion, hydroxyl radical,
hydrogen peroxide, singlet oxygen and hypochlorous acid is
enhanced in cancer cells[196-198]. Moreover, many exogenous
chemicals can be activated to radical intermediates, which
can serve as electrophiles or participate in redox cycling
processes of reactive oxygen generation. In addition, both
exogenous and endogenous agents can interact with various
cellular receptors, such as the Ah receptor and protein kinase
C leading to increased oxidation in cells[199]. In such a case
ROS may disturb cellular metabolism and directly or
indirectly influence proteolytic-antiproteolytic balance of
cancer tissue.
It is known that ROS may indirectly act as a second
messenger. Some cytokines (TNF, IL-1) and growth factors
(bFGF, VEGF) are capable of producing ROS in target
cells and the produced ROS further participate in mediating
the effects of cytokines and growth factors[185,196,200,201]. ROS
may also serve as common signaling molecules regulating
the activity of transcription factors, NF-B and AP-1, in
response to cytokines and other stimuli[202-203]. Oxidants can
also stimulate transcription of other transcription factor
genes such as c-jun, c-fos and c-myc in various cell types[204-206].
The regulation of gene expression by these factors will
ultimately lead to a series of cellular changes such as
proliferation, growth suppression, differentiation, senescence
and apoptosis. These transcription factors are involved either
directly in the induction of the expression of MMP genes
(by binding to enhancer regions in these genes) or indirectly
in modulating the expression of proteins which ultimately
affects proteinase release[126]. ROS may also regulate cellular
components other than transcription factors.
The most important factor for proteolytic-antiproteolytic
balance is that ROS influences protease activation and
activity and distribution of enzymes and their inhibitors. It
has been shown that ROS can activate procollagenase[207,208] .
However, changes in activity and distribution of enzymes
and their inhibitors are connected with direct oxidative
modification of cell components.
Effects of ROS on cell components
Reactive oxygen species as chemically reactive molecules
can modify most cell components such as lipids, nucleic
acids, carbohydrates and proteins[209]. The residues of amino
acids occurring in proteins are less vulnerable to action of
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ROS than that of free amino acids. Most amino acids present
in proteins undergo oxidative transformation to radicals,
but aromatic and sulfhydryl groups containing amino acids
are the most susceptible[210,211]. Susceptibility of amino acid
residues to ROS also depends on their position in the
polypeptide chain. Unstable amino acid radicals are formed at
the first stage of ROS action and then undergo transformation
yielding stable products. Other amino acid residues of
proteins can also undergo oxidative transformation under
formation of peroxides that are mainly generated by the
aliphatic amino acid radicals[212,213]. Alteration in the primary
structure of proteins brings about changes in the secondary
and tertiary structures and results in denaturation, aggregation
or fragmentation of protein molecules[214] (Figure 2). The
protein structure modification mainly depends on the kind
and concentration of acting ROS[215].

1

O2

O2

ROS
HO

H2O2 HOCl

PROTEIN

Fragmentation

Altered primary structure

Incereased proteolytic susceptibility

Cross-linking

Altered antigenicity

Figure 2 Effects of ROS on proteins.

In addition, ROS can react with membrane phospholipids
forming hydroperoxides and reactive small-molecule
aldehydes[216] with a longer lifetime. Thus, these aldehydes
can be considered as the secondary lipid peroxidation
transmitters[217].
A marked increase of malondialdehyde and 4hydroxynonenal concentrations[218,219] has been found in
cancer cells. It is proved that 4-hydroxynonenal can react
with sulfhydryl groups of cysteine present in polypeptide
chains and with lysine, histidine, as well as other amino acid
residues of proteins [217,220]. In this way, covalent lipidmembrane protein bonds are formed[221] . Lipid radicals
formed by peroxidation can also react with each other
forming lipid-lipid covalent bonds[221]. These reactions
provoke changes in membrane structure, uncovering
phosphatidylserine on its surface and modify membrane
permeability[222].
An important factor preventing lipids from peroxidation
is -tocopherol[223], which reduces polyunsaturated fatty acid
radicals and acts as a chain reaction terminator [224]. In
addition, physicochemical action of -tocopherol on
biological membranes has a stabilizing effect and protects
them from liberation and activation of endogenic
phospholipases, which accelerate lipid peroxidation by
hydrolyzing the lipid membrane PUFA[225]. Free fatty acids
destabilize the membranes and undergo oxidation more
readily than their esterified forms present in the membrane.
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-Tocopherol can form more stable protective complexes
with free PUFA. Stability of such complexes increases with
the number of unsaturated bonds of PUFA [226]. Tocopherol stabilizes PUFA-rich membranes by decreasing
their permeability to small ions and small molecules[225] .
However, decreased -tocopherol content in cancer tissues
makes the biological membrane protection against
destructive ROS action impossible[227].
The non-enzymatic mechanisms protecting cells against
lipid peroxidation are completed by two GSH-dependent
enzymatic systems[228]. -Tocopherol is involved in the first
system, in which a GSH-dependent -tocopherol radical
reduction to -tocopherol takes place[229]. The second system
probably consists of glutathione transferase coupled with
glutathione peroxidase and reduces toxic lipid hydroperoxides
to less reactive alcohols[230]. Antioxidant action of these
mechanisms during cancer development may be questionable
because of different data about GSH content in cancer
cells[184].
A consequence of the above-discussed changes is
increased fluidity of cell and lysosomal membranes. This
observation is supported by transfer of lysosome enzymes
to cytosol[11]. Action of ROS on cell organelle membrane
components can provoke changes in function of Na+ /H+
exchangers[231] possibly resulting in acidosis of the cell content,
which favors the action of lysosomal proteases. These
processes can bring about activation of proteolytic processes
in cytosol.
The literature data concerning other experimental models
confirm that ROS reactions with proteins and lipids of
lysosome membranes are possible[211] and indicate that
oxidation reactions catalyzed by iron ion are probable in
lysosomes[232] . Lysosomes are particularly vulnerable to
oxidation stress because they contain an active oxidation
mediator, i.e., the iron ion. The iron ion is present in
lysosomes due to endocytosis of various metalloproteins
like ferritin and cytochrome and their degradation in
organelles[233]. Hydrogen peroxide is formed as a result of
oxidation and activation of inflammatory cells[234]. If not
decomposed by catalase or peroxidase, it diffuses through
the membranes to the lysosomes and takes part in
intralysosome reactions catalyzed by iron ion. Hydroxyl
radical is formed in such reactions and chain oxidation
processes are initiated, resulting in increased permeability
of the lysosome membrane or even fragmentation and
liberation of the lysosome content to cytosol including
proteolytic enzymes[235,236].
Oxidative modification of biologically active proteins
results in changes in their activity[237]. In most cases, it results
in their inactivation, particularly if the oxidative modification
occurs with amino acid residues, which are essential for a
specific biological activity. It was documented that cysteine
proteases, in particular, are susceptible to oxidative
modification[238]. On the other hand, participation of ROS
is needed for some proteins to fulfill their biological function.
It particularly applies to metalloproteinases, which are also
activated by ROS[239].
Perturbation of proteolytic-antiproteolytic balance by ROS
Physicochemical and biological properties of proteins may
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be changed during cancer development. ROS generated,
during this process, can directly react with proteins including
enzymatic proteins and provoke their modification[240], which
can result in activity changes of enzymatic proteins including
proteases and their inhibitors.
In physiological conditions, equilibrium between proteases
and their inhibitors exists in the organism. Cancer development
is followed by a temporary decrease in activity of proteolytic
enzymes in cancer cells with simultaneous increase in activity
of proteases and decrease in activity of inhibitors in blood
serum [219,241-244]. The changes mainly occur both in the
enzymes containing seryl groups in their active center
(cathepsin G and elastase) and in the serine protease
inhibitors like 2-macroglobuline and 1-antiprotease. As
the changes are temporary, it can be supposed that posttranslational protein modification only occurs and its
biosynthesis remains unchanged while the activity of de
novo synthesized enzymes is unmodified. The modifications
induced by ROS are involved in direct chemical reactions
with proteases and their inhibitors. Inactivation of
biologically active proteins can also be caused by their
reaction with lipid peroxidation products. In the case of
cathepsin B, it is the effects of thiol-ether type adduct
formation by sulfhydryl groups of the active center of the
enzyme and 4-hydroxynonenal[238].
Modifications of the proteolytic enzyme structure and
their inhibitors, caused by ROS, result in a shift of proteolyticantiproteolytic equilibrium (Figure 3). However, the
equilibrium perturbation enhances formation of ROS. It is
considered that activation of ROS-producing granulocytes
and macrophages is controlled by serine protease inhibitors[245].
decrease activity of which is observed in cancer cases[184,241-243].
Active NAD(P)H oxidase synthesized as proenzyme is
necessary for ROS formation in granulocytes [191]. The
activation is induced by serine protease. However, activity
of this protease group is changed in the case of cancer[184,244] .
In such a case, production of inhibitors of active NAD(P)
H oxidase is inhibited by these enzymes and ROS production
is indirectly controlled by them. Formation of superoxide
anions by granulocytes is inhibited by 1-proteinase inhibitor
and 1-antichymotrypsin[191,245,246]. Activity of granulocyte
elastase is inhibited by hydrogen peroxide. It is suggested
that another mechanism may underline the control of
oxidative activation of granulocytes by inhibitors[247].

Activated neutrophils
ROS
[e.g. H 2O 2 HClO]
Active
Protease inhibitors

Pro-proteases

Inactive
Protease inhibitors

Plasmin
Metalloproteinases

Enhanced proteolysis

Figure 3 Effect of reactive oxy gen species on prot eoly tic–
antiproteolytic balance.
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It was documented that the activity of main plasma
protease inhibitors such as 1-antiproteinase and 2macroglobulin are decreased in carcinogenesis[219,241-243] .
These inhibitors as well as plasminogen activation inhibitor
(PAI-1) and leukocyte protease inhibitor (SLPI) contain
methionine in their inhibition center and are most susceptible
to inactivation by oxidants[248,249]. Unlike them, the inhibitors
containing residues of other amino acids in their inhibition
center (antithrombin III, PAI-2, PAI-3) are relatively
unsusceptible to oxidative inactivation[250,251]. 1-antiproteinase
and PAI-1 are particularly susceptible to the action of
oxidants. The 1-antiproteinase molecule contains eight
methionyl residues[252]. The methionine molecule occupying
the position 358 is situated in the inhibition center[253]. The
action of oxidants causes oxidative modification of two
methionyl residues out of eight including residues of the
inhibition center [250,253]. Oxidants acting on the  1 antiproteinase molecule neither modify the radicals of other
amino acids nor provoke molecule fragmentation[254]. The
oxidant that probably inactivates 1-antiproteinase in in vivo
conditions is chlorate (I) (ClO-) formed in myeloperoxidaseH2O2-Cl-[255]. Hydrogen peroxide generated in cancer cells
can also oxidize methionine of the 1-antiproteinase
molecule.
1-antiproteinase being a polyvalent inhibitor also inhibits
the activity of leukocyte cathepsin G and elastase forming
inactive and stable complexes of 1:1 stechiometry[253,256]. In
this way, it prevents possible damage to tissues caused by
those proteases[191]. Activity of these enzymes is manifested
if the mentioned inhibitor is inactivated[257]. Cathepsin G
and elastase exhibit substrate specificity and can degrade
elastin, collagen, proteoglycans, as well as, the complement
immunoglobulin, fibrinogen, basic proteins, and other
proteins. Cathepsin G is particularly aggressive in its action
on proteins as it degrades them not only directly but also by
activating procollagenases[258].
It has been suggested that increased activity of proteases
in blood serum in cases of cancer, particularly the activity
of cathepsin G and elastase, is due to increased transport
from cells and reduced inactivation of inhibitors whose
activity is decreased[184]. Existing protease-inhibitor interdependence can also suggest inactivation of inhibitors by
proteases. 1-antiproteinase is known to be inactivated by
sulfhydryl proteases and metalloproteinases that are also
activated by ROS[259,260]. Such an action is evidenced for
granulocyte collagenase [259,260] , endothelium vessel
stromelysine and collagenase[259,261]. These proteases split the
peptide bond of Phe352 with Leu 353, which are present in
the 1-antiproteinase loop exposed to the exterior molecule
in which the inhibition center is present. Split-out 1antiproteinase peptide fragments are found in synovial fluid
of patients with rheumatic arthritis[262], indicating that 1antiproteinase can be inactivated both by oxidative modification
and by proteolytic degradation[262,263]. Such a situation can
occur particularly in the case of increased activity of proteases
and has been observed in cancer development.
Changes in the proteolytic-antiproteolytic system lead
to the shift of equilibrium in favor of proteases. Such a
situation can lead to destruction processes because
components of proteolytic-antiproteolytic system penetrate
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from blood to extracellular space[264] and an uncontrolled
proteolysis can occur if activity of protease inhibitors is
lower and activity of proteases is higher as it occurs in
cancer development. It should be noted that proteolysis of
ECM proteins may also be enhanced by oxidative
modification of protein substrates and their increased
susceptibility to protease action.

FINAL REMARKS
In conclusion, oxidative stress observed in tumor development
may cause imbalance of proteolytic-antiproteolytic system
leading to enhanced proteolysis and destruction of ECM
proteins and metastasis.
The general principles of the mechanisms underlying
proteolytic degradation of the ECM in cancer are becoming
clear and the complexity of this process is revealed. Matrix
degradation appears to be important for both cancer
invasion and metastasis. It is accomplished by a cooperative
interaction between several proteases. Effective protease
action depends on many agents including inhibitors. The
ability of TIMPs to inhibit tumor growth suggests that
MMPs are more important for cancer development than
normal physiological activities in adult host[127,265]. Thus,
development of more specific protease inhibitors may
represent tractable chemotherapeutics for human cancer.
As a result, many pharmaceutical companies have designed
novel drugs that variably block MMP activity. Gene delivery
of TIMPs into malignant cells may also be a potent way of
inhibiting the tumor invasion and in consequence prolonging
survival[266]. Furthermore, an effective way of inhibiting
the expression of MMPS may be blocking of signaling
pathways mediating activation of MMP transcription.
Proteolytic-antiproteolytic balance also depends on the
influence of other endogenous and exogenous compounds
e.g., ROS, which is why the view on anti-cancer therapy
pays attention to the possibilities connected with this fact. It
has been mentioned above that cancer development
accompanies enhanced generation of ROS, which can react
with cell components and additionally influence proteolyticantiproteolytic balance in neoplastic and surrounding cells.
In this connection, approaches toward therapeutic
intervention against ROS damage include administration
of radical scavenger compounds, use of novel drugs that
increase cellular production of constitutive antioxidants or
pharmacological agents that modify the intracellular
transport of antioxidants. Strategies to modify the cellular
effects of ROS on cancer lead to novel approaches of
gene therapy in which the antioxidant proteins can be
expressed in specific tissues. Reducing tissue-damaging
effects of ROS may have a relevance to cancer patients by
ameliorating normal tissue damage[267].
The opposite point of view will be, prolonged accumulation
of ROS is beneficial to overcoming neoplastic changes
because they can kill cancer cells. Thus, inhibition of
superoxide dismutase responsible for ROS elimination may
provide a novel way in cancer therapy. Cancer cells are
more dependent on superoxide dismutase to eliminate the
toxic superoxide radicals and become more sensitive to
superoxide dismutase inhibitors. In such case it is possible
that inhibition of superoxide dismutase may preferentially
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kill malignant cells through a ROS-mediated mechanism.
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candidate genes within this region in 60 primary tumors
of EC-SCC, and possible association of copy number
changes with pathologic characteristics was analyzed by
statistics. Immunohistochemistry (IHC) study was also
performed on another set of 111 primary tumors of EC-SCC
to verify the association between TP63 expression change
and lymph node metastasis status.
RESULTS: The average copy numbers (±SE) per haploid
genome of individual genes in 60 samples were (from
centromere to telomere): SSR3 : 4.19 (±0.69); CCNL1 :
5.24 (±0.67); SMC4L1: 2.01 (±0.16); EVI1: 2.02 (±0.12);
hTERC: 5.28 (±0.54); SKIL: 2.71 (±0.14); EIF5A2: 1.95
(±0.12); ECT2 : 9.18 (±1.68); PIK3CA: 8.13 (±1.17);
EIF4G1 : 1.07 (±0.05); SST: 3.07 (±0.25); TP63: 2.51
(±0.22); TFRC: 2.42 (±0.19). Four clusters of amplification
were found: SSR3 and CCLN1 at 3q25.31; hTERC and
SKIL at 3q26.2; ECT2 and PIK3CA at 3q26.31-q26.32; and
SST, TP63 and TFRC at 3q27.3-q29. Patients with lymph
node metastasis had significantly lower copy number of
TP63 in the primary tumor than those without lymph node
metastasis. IHC study on tissue arrays also showed that
patients with lymph node metastasis have significantly
lower TP63 staining score in the primary tumor than those
without lymph node metastasis.
CONCLUSION: This study showed that different amplification
patterns were seen among different genes within 3q25.3qter in EC-SCC, and several novel candidate oncogenes
(SSR3, SMC4L1 , ECT2, and SST) were identified. TP63
is amplified in early stage of EC-SCC carcinogenesis but
down-regulated in advanced stage of disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: By using comparative genomic hybridization, gain
of 3q was found in 45-86% cases of esophageal squamous
cell carcinoma (EC-SCC). Chromosome 3q25.3-qter is the
minimal common region with several oncogenes found
within this region. However, amplification patterns of these
genes in EC-SCC have never been reported. The possible
association of copy number changes of these genes with
pathologic characteristics is still not clear.
METHODS: Real-time quantitative PCR (Q-PCR) was
performed to analyze the copy number changes of 13
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INTRODUCTION
Esophageal cancer (EC) is one of the most lethal cancers
in the world[1] as well as in Taiwan (http://www.doh.gov.
tw/dohenglish/Upload/Statistics/S02/9110-eng.xls). In
most Asian countries, squamous cell carcinoma (EC-SCC)
is the most frequent histological subtype of EC. By using
modern molecular cytogenetic study such as comparative
genomic hybridization (CGH)[2] and spectral karyotyping
(SKY)[3], several recurrent chromosomal aberrations of ECSCC were identified. Among them, chromosome 3q is
especially important, because 45-86% cases of EC-SCC were
found to have amplification in this region, with minimal
overlapping region over 3q25.3-qter[4-8]. Gain of chromosome
3q was also reported in many other tumors, such as cancer
of the lung[9], ovary[10], and cervix[11,12], and head and neck
squamous cell carcinoma (HNSCC)[13,14].
The size of 3q25.3-qter is about 40 MB, containing
about 367 known genes within this region, not to mention
the unknown ones. Several candidate oncogenes were located
in this chromosomal region, such as cyclin L1 (CCNL1), at
3q25; human telomerase RNA component (hTERC), at
3q26; phosphoinositide-3-kinase, catalytic, alpha polypeptide
(PIK3CA), at 3q26; Ski-like protein (SKIL), at 3q26;
ecotropic viral integration site 1 (EVI1), at 3q26; eukaryotic
translation initiation factor 5A2 (EIF5A2), at 3q26; eukaryotic
translation initiation factor 4gamma1 (EIF4G1), at 3q27;
tumor protein 63 (TP63), at 3q28; and transferrin receptor
(TFRC), at 3q29 (GeneCardsTM, http://bioinformatics.
weizmann.ac.il/cards/). However, amplification patterns of
these genes in EC-SCC have never been reported.
A recently introduced method, real-time quantitative
PCR (Q-PCR), could be used to accurately evaluate copy
numbers of genes with only minimal amounts of tumor
materials with high-throughput capacity[15-17]. In previous
study, the accuracy of assessing copy number changes by
Q-PCR in comparison with fluorescence in situ hybridization
(FISH) had been demonstrated[18]. In this study, Q-PCR
was used to study the copy number changes of the afore
mentioned nine candidate oncogenes, together with four
genes [signal sequence receptor gamma (SSR3) at 3q25.31,
structural maintenance of chromosomes 4-like 1 (SMC4L1)
at 3q26.1, epithelial cell transforming sequence 2 oncogene
(ECT2) at 3q26.31, and somatostatin (SST) at 3q27.3] that
were not down-regulated in our preliminary expression profile
study, within chromosome 3q25.3-qter region in 60
primary tumors of EC-SCC, and the possible associations
of these changes with disease progression were analyzed.
Immunohistochemistry (IHC) was also used to verify the
association of expression change of TP63 with lymph node
metastasis status on another 111 cases of EC-SCC.
MATERIALS AND METHODS
Primary tumors and cell lines of EC-SCC
From 1995 to 1997, 60 ethic Chinese patients with EC-SCC
were enrolled for Q-PCR study. All patients underwent
primary surgical resection without neoadjuvant chemotherapy
or radiotherapy. Only patients with written informed consent
were included. Pathological evaluation of depth of tumor
invasion, tumor differentiation and lymph node metastasis
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were done by one of our pathologists (Jung-Ta Chen), and
staging and grading of tumor were defined according to
the Cancer Staging Manual (5th edition; American Joint
Committee on Cancer). Portions of tumor from the paraffinembedded primary tumor samples, of which at least 70%
were tumor cells, were identified under the microscope by
one of our pathologists (Jung-Ta Chen) and were cut out
for study. The procedure of DNA extraction was modified
from a previously described protocol[19]. CGH analysis of
part of these patients had been previously reported[8]. DNA
extracted from five volunteer donor lymphocytes was used
as control. EC-SCC cell lines CE 48T/VGH, CE 81T/VGH,
TE6 and TE9, which have been previously characterized
by molecular cytogenetics[18], were used to validate the
accuracy of Q-PCR.
Fluorescence in situ hybridization (FISH)
FISH was performed using methods as previously suggested[20].
The search for FISH probes covering the 13 genes was
done by browsing Ensembl Genome Browser http://www.
ensembl.org/ and UCSC Genome Browser http://genome.
ucsc.edu for candidate bacterial artificial chromosome (BAC)
clones. The resulting clones were then obtained from RPCI11 BAC library (Table 1) [21]. Their identities were verified
by FISH-mapping onto normal lymphocyte metaphases. For
each cell line, FISH signals were counted in 10 metaphases,
and FISH signals per haploid genome were calculated by
using average FISH signals per cell ×23/ average number
of chromosomes per cell[18].
Real-time quantitative PCR (Q-PCR)
All primers were designed with Primer Express 3.0 software
(Applied Biosystems Foster City, CA) using default
parameters, with modified minimum amplicon length
requirements (85 bp). An additional requirement consisted
of a maximum GC content of 40% for the five last 3’ end
nucleotides. The sequences of the primers are listed in Table 1.
PCR reactions were performed as previously described[18].
DNA content was normalized to that of long interspersed
elements (LINE1), a repetitive element for which copy
numbers per haploid genome are similar both in normal
or neoplastic cells[17] . Copy number changes per haploid
genome were calculated by using the formula 2(Nt-Nline)-(Tt-Tline),
where Nt is the threshold cycle number observed for an
experimental primer in the normal DNA sample, Nline is
the threshold cycle number observed for a LINE1 primer
in the normal DNA sample, and Tt and Tline are the
threshold cycle numbers observed for the experimental
primer and LINE1 primer in test DNA sample, respectively[17].
For normal cell the copy number of a gene per haploid
genome should be one. PCR for each primer set were
performed in triplicate, and calculated copy number changes
per haploid genome were averaged.
Construction of tissue arrays
Tissue arrays of another 120 EC-SCC tumor samples were
constructed using method as previously described[22]. Briefly,
the H&E-stained slides of selected tumor samples were
examined under a light microscope. The areas of interest
were circled with a color pen, and a 16-gauge bone marrow
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Table 1 Covering BAC clones and position of 13 genes and sequence of Q-PCR primers of LINE1 and 13 genes over 3q25.3-qter
Genes

BAC clones

Position

Forward primer

Reverse primer

LINE1

-

-

CCGCTCAACTACATGGAAACTG

GCGTCCCAGAGATTCTGGTATG

SSR3

304C15

3q25.31

GCCCAGGCATATGAGAGTTGTC

CCAACATGGCAGGGTCAAGT
CCATTGTAAGGGCTTTTGGA

CCNL1

6F2

3q25.31

TCATGGCAGTCAACCAACAT

SMC4L1

227J5

3q26.1

GGCAAAGTCCTAAGCAAGGTTGT

TCAACTGGCAAGCTAAGTGGAA

EVI1

141C22

3q26.2

CATGCATGCTGATTGCAGAAC

CCACCTGCCGCAAAATGGT

hTERC

40O08

3q26.2

CGTAGGCGCCGTGCTTT

TTTTCCGCCCGCTGAA

SKIL

543D10

3q26.2

GCTCGGCATTCCCAAGAAA

CCCCTTCCAACACAGTCTGAGT

EIF5A2

110O7

3q26.2

GGCTTCCAGCACTTACCCTATG

GACCATGCTTTCCAGTTTTGG

ECT2

453J16

3q26.31

CCTAACAGCAATCGCAAACG

CTGTCTCTCTTGAAAGCTGAGCAA

PIK3CA

245C23

3q26.32

GGAGGATGCCCAATTTGATG

AACAGTCCATTGGCAGTTGAGA

EIF4G1

481O2

3q27.1

CCGGTTCCAGAATCTGAGTTTT

GATTCGGAGGGGCAAGCTG

SST

211G3

3q27.3

GATGCCCTGGAACCTGAAGA

GCCGGGTTTGAGTTAGCAGAT

TP63

313I6

3q28

CCTCGTCCACCAGTCCCTAT

GGAAGGACACGTCGAAACTG

TFRC

313F11

3q29

CAAAGTGGCACGAGCAGCTG

GCTCTAGAATGAACGGTGGAAG

LINE1: long interspersed elements; SSR3: signal sequence receptor gamma; CCNL1: cyclin L1; SMC4L1:structural maintenance of chromosomes 4-like 1; EVI1:
ecotropic viral integration site 1; hTERC: human telomerase RNA component; SKIL: Ski-like protein; EIF5A2: eukaryotic translation initiation factor 5A2; ECT2:
epithelial cell transforming sequence 2 oncogene; PIK3CA: phosphoinositide-3-kinase, catalytic, alpha polypeptide; EIF4G1: eukaryotic translation initiation
factor 4gamma1; SST: somatostatin; TP63:tumor protein 63; TFRC: transferrin receptor. BAC clones, clones of bacterial artificial chromosomes covering the genes
obtained from RPCI-11 library.

biopsy trephine apparatus was used to punch at the circled
areas, extracting a tissue cylinder with 2.0 mm diameter. At
least three cylindrical core biopsies were taken from different
sites of each tumor. About 40 cylinders (8×5) were carefully
transferred with forceps to a recipient metal paraffin block
box. The recipient box was then covered with a plastic
cassette and then liquid wax was gently poured into the
box until it was full. The box was then put on a hot plate
for 1 min to homogenize the wax, after which the box was
removed from the hot plate and cooled to room temperature
slowly. Four-micrometer sections were cut and mounted
on silane-coated slides.

included. The slides were independently reviewed by two
of the authors (Chin-Chen Pan, Paul Chih-Hsueh Chen)
who were blinded to the clinicopathologic data. TP63
immunoreactivity was semi-quantified using a combined
intensity and percentage of positive scoring method. Intense
nuclear staining was scored as 2, weak as 1, and negative as
0 (Figure 1)[24]. The percentage of cells with each intensity
score was estimated. A TP63 staining score was defined as
the sum of the percentage of positive cells with each intensity
level multiplied by the intensity score [e.g., a case with 30%
intense staining and 40% weak staining would be scored as
100 (30×2+40×1)][24].

Immunohistochemistry (IHC) for TP63
Immunostaining for TP63 was performed on tissue array
slides using a mouse anti-human TP63 monoclonal antibody
clone: 7JUL (1:30; Novocastra, New Castle Upon Tyne,
UK), which recognized all TP63 isoforms, and high
temperature antigen unmasking technique (autoclave in pH
8.0 EDTA buffer) as previously described[23] . The bound
antibodies were detected using the DAKO Envision system.
Positive control (non-neoplastic tonsil tissue) and negative
control (replacement of primary antibody by PBS) were

Statistical analysis
Statistical comparisons were performed using SPSS 12.0
software. Pearson coefficient of correlation was used to
determine the correlation between the copy number changes
assessed by FISH and Q-PCR. Student’s t-test was used to
test the association between the results of Q-PCR or the
TP63 staining score and lymph node metastasis or
differentiation status. Kruskal-Wallis test was used to test
the association between the results of Q-PCR or the TP63
staining score and primary tumor extent.

A

B

C

Figure 1 Immunoreactivity for TP63. A: Intense nuclear TP63 staining; B: Weak nuclear TP63 staining; C: Negative staining. (Original
magnification: ×400).
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Figure 2 Comparison of copy numbers assessed by FISH (stripped
bar) and Q-PCR (±SD) (hollow bar) of 13 genes in 4 EC-SCC cell lines
[CE 48T/VGH (pink), CE 81T/VGH (yellow), TE6 (green), TE9 (blue)].
Pearson coefficients of correlation for comparing FISH and Q-PCR of
13 genes in 4 cell lines were all >0.9.

Genes and their relative position

Figure 3 Average copy number changes (indicated by the circles
with number listed beside them; crossbar represented 2×standard
error) of 13 genes in association of their relative position on chromosome 3q. Four clusters of amplifications could be found: SSR3
and CCLN1 at 3q25.31; hTERC and SKIL at 3q26.2; ECT2 and PIK3CA
at 3q26.31-q26.32; and SST, TP63 and TFRC at 3q27.3-q29.

RESULTS
Evaluation of Q-PCR accuracy
The accuracy of the assay was tested on 4 EC-SCC cell
lines. In Figure 2, copy number changes of 13 genes on
these 4 EC-SCC cell lines, assessed by both FISH and Q-PCR,
were quite compatible. The Pearson coefficients of
correlation for comparing FISH and Q-PCR of 13 genes
in 4 cell lines were all >0.9.
Assessment of copy number changes of candidate genes in
primary tumors by Q-PCR
Copy number changes of 13 candidate genes were assessed
by Q-PCR in 60 primary EC-SCC tumors. The average copy
numbers (±SE) per haploid genome of individual genes in
60 samples were (from centromere to telomere): SSR3: 4.19
(±0.69); CCNL1: 5.24 (±0.67); SMC4L1: 2.01 (±0.16); EVI1:
2.02 (±0.12); hTERC: 5.28 (±0.54); SKIL: 2.71 (±0.14);
EIF5A2: 1.95 (±0.12); ECT2: 9.18 (±1.68); PIK3CA: 8.13
(±1.17); EIF4G1: 1.07 (±0.05); SST: 3.07 (±0.25); TP63: 2.51
(±0.22); TFRC: 2.42 (±0.19). Four clusters of amplification
could be found: SSR3 and CCLN1 at 3q25.31; hTERC
and SKIL at 3q26.2; ECT2 and PIK3CA at 3q26.31-q26.32;
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Figure 4 In Q-PCR analysis of 60 EC-SCC tumors, patients with
lymph node metastasis [LN (+)] have significantly lower copy number of TP63 in the primary tumor than those without lymph node
metastasis [LN (-)] (2.05 vs 3.08; P = 0.017).
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Figure 5 In IHC study of 111 EC-SCC tumors, patients with lymph
node metastasis [LN (+)] have significantly lower TP63 staining score
in the primary tumor than those without lymph node metastasis [LN (-)]
(51.03 vs 79.62; P = 0.034).

and SST, TP63 and TFRC at 3q27.3-q29 (Figure 3).
Association of copy number changes of candidate genes in
primary tumors with disease staging or differentiation
The association between copy number changes of 13 genes
and primary tumor extent, lymph node metastasis or tumor
differentiation was analyzed. Patients with lymph node
metastasis have significantly lower copy number of TP63
in the primary tumor than those without lymph node
metastasis (2.05 vs 3.08; P = 0.017) (Figure 4). There were
no significant association between copy number changes
of the other 12 genes and lymph node metastasis. Also the
copy number changes of all 13 genes had no statistical
association with either primary tumor extent or tumor
differentiation.
Association of TP63 staining score in primary tumors with
disease staging or differentiation
Immunostaining of TP63 could be evaluated in 111 cases.
The association between TP63 staining score and primary
tumor extent, lymph node metastasis or tumor differentiation
was analyzed. As in the study of Q-PCR, patients with lymph
node metastasis have significantly lower TP63 staining score
in the primary tumor than those without lymph node
metastasis (51.03 vs 79.62; P = 0.034) (Figure 5). There
was no statistical association between TP63 staining score
and either primary tumor extent or tumor differentiation.
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DISCUSSION
In this study, the pattern of copy number changes of 13
potential target genes located on 3q25.3-qter in EC-SCC
and the association of these changes with disease progression
were analyzed. In general, all genes except FIE4G1 had
increased copy number. However, four clusters of genes
with higher amplification were found: SSR3 and CCNL1 at
3q25.31; hTERC and SKIL at 3q26.2; ECT2 and PIK3CA
at 3q26.31-q26.32; and SST, TP63 and TFRC at 3q27.3-q29,
with highest peaks over ECT2 and PIK3CA (Figure 3). In
previous study, it was demonstrated that copy number
of PIK3CA was significantly higher than that of TP63
in EC-SCC[18]. Therefore, in EC-SCC, 3q26.31-q26.32 might
be the mostly amplified area within this region.
CCNL1 [25], hTERC [26-28], SKIL[29], PIK3CA[30-32], TP63 [33-37]
and TFRC [38] were reported as potential oncogenes in different
diseases . However, SSR3, SMC4L1, ECT2 and SST have
never been previously identified as oncogenes. SSR3 is one
of the 4 members of translocon-associated protein (TRAP)
over endoplasmic reticulum (ER) membrane. TRAP is
responsible for the passage of peptide through ER
membrane[39]. SMC4L1 is one of the members of structural
maintenance of chromosomes (SMC) proteins. The
eukaryotic SMC proteins could form heterodimers, which
may be involved in chromosome condensation, sister
chromatid cohesion, and DNA recombination[40]. ECT2 was
identified as an exchange factor for Rho GTPases,
phosphorylated in G2/M phases, and involved in cytokinesis[41].
Recent studies have showed that N-terminal truncation of
ECT2 may render it as an oncogenic protein, which may
cause malignant transformation of cell[42]. SST (somatostatin)
and its analogues have been used in the treatment of
endocrine tumor. Whether these genes play roles in
carcinogenesis of EC-SCC deserve further investigation.
It is very interesting to find that the copy number changes
as well as expression of TP63 decrease in more advanced
stage of disease in EC-SCC. Heselmeyer et al reported that
gain of chromosome 3q could be found in the early dysplasia
lesion as well as in the invasive carcinoma of cervical cancer,
but at reduced frequency in advanced stage of disease[11,12].
However, this phenomenon has never been reported in
EC-SCC.
TP63 gene, one of TP53 gene family, is a well-known
oncogene within this region. Overexpression of TP63 was
found in most squamous cell carcinoma[33-37]. In a IHC study
of EC-SCC, TP63 protein was found highly expressed in
carcinoma (50/51), dysplasia (10/11), and even in histologically
normal epithelia of esophagus adjacent to the cancerous
tissues (45/47) [35]. On the contrary, in the study of TP63
expression in urothelial carcinoma, Koga et al reported that
lower TP63 expression was significantly associated with
higher Tumor-Node- Metastasis (TNM) stage (P = 0.0004)
and lymph-node metastasis (P = 0.013). It was found that
cancer cells with lower TP63 staining had higher chance of
lower membranous -catenin expression, which plays a role
in cell-cell adherent junctions, and cancer invasion and
metastasis could be promoted by reduced membranous
-catenin expression[24]. In a similar study of upper urinary
tract urothelial carcinoma, Zigeuner et al found that
decreased TP63 immunoreactivity was significantly associated
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with advanced tumor stages and poor prognosis. They also
found that cases with decreased TP63 immunoreactivity
had higher chance of TP53 overexpression in comparison
with cases with normal TP63 immunoreactivity.
By combining results of this study with other reports,
it is very likely that amplification of genes located on
3q25.3-q ter may occur in quite early stage in the
carcinogenesis of EC-SCC. But some of the genes, such as
TP63, may be down-regulated as disease progressed. One
possible explanation is that the alterations of genes are no
longer necessary for maintenance of cancer cells survival.
The other possibility is that down-regulation of these genes
may accompany alterations of other genes (such as -catenin
or TP53), which may render cancer cell more invasive or
malignant.
In conclusion, this study demonstrated different
amplification patterns of different genes within 3q25.3-qter
in EC-SCC, with highest amplification over 3q26.31-q26.32.
SSR3, SMC4L1, ECT2 and SST were identified as novel
candidate oncogenes within this region. TP63 is amplified
in early stage of EC-SCC carcinogenesis but down-regulated
in advanced stage of disease.
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Abstract
AIM: To develop a microarray-based prewarning system
consisting of gastric cancer chip, prewarning data and
analysis software for early detection of gastric cancer
and pre-cancerous lesions.
METHODS: Two high-density chips with 8 464 human
cDNA sites were used to primarily identify potential genes
specific for normal gastric mucosa, pre-cancerous lesion
and gastric cancer. The low-density chips, composed of
selected genes associated with normal gastric mucosa,
precancerous lesion and gastric cancer, were fabricated
and used to screen 150 specimens including 60 specimens
of gastric cancer, 60 of pre-cancerous tissues and 30 of
normal gastric mucosa. CAD software was used to screen
out the relevant genes and their critical threshold values
of expression levels distinguishing normal mucosa from
pre-cancerous lesion and cancer. All data were stored in
a computer database to establish a prewarning data library
for gastric cancer. Two potential markers brcaa1 and ndr1
were identified by Western blot and immunohistochemistry.
RESULTS: A total of 412 genes associated with three
stages of gastric cancer development were identified.
There were 216 genes displaying higher expression in
gastric cancer, 85 genes displaying higher expression in
pre-cancerous lesion and 88 genes displaying higher

expression in normal gastric mucosa. Also 15 genes
associated with metastasis of gastric cancer and 8 genes
associated with risk factors were screened out for target
genes of diagnosis chip of early gastric cancer. The
threshold values of 412 selected genes to distinguish
gastric cancer, pre-cancerous lesion from normal gastric
mucosa were defined as 6.01±2.40, 4.86±1.94 and
5.42±2.17, respectively. These selected 412 genes and
critical threshold values were compiled into an analysis
software, which can automatically provide reports by
analyzing the results of 412 genes obtained by examining
gastric tissues. All data were compiled into a prewarning
database for gastric cancer by CGO software. Northern
blot and immunohistochemistry analysis confirmed that
gene and protein of brcaa1 displayed lower expression in
normal gastric mucosa and higher expression in gastric
cancer tissues, conversely, ndr1 displayed lower expression
in gastric cancer and higher expression in normal gastric
mucosa.
CONCLUSION: The microarray-based prewarning system
for gastric cancer was developed. This system consisted
of gastric cancer-associated gene chip, prewarning data
and analysis software, which has a high potential for
applications in the early detection of gastric cancer. The
two potential markers brcaa1 and ndr1 identified may be
used to distinguish cancer status fand non-cancer status.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer has high incidence in China and in the whole
world. Understanding the biological processes of cancer
initiation at the gene expression level is very important for
early cancer detection. Study of gene expression levels at
different stages of growth, disease, cell cycle, and response
to stimulation may help to answer why different stages of
cancerous development occur [1] . We have been trying to
establish a prewarning system of gastric cancer as a part of
a larger effort to develop effective and economical diagnostic
tools capable of distinguishing different stages of cancer
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development. This system consists of three important parts:
a gastric cancer microarray, a prewarning data library and a
data analysis software.
Screening characteristic differentially expressed genes
associated with different stages of cancer development is
of central significance to this study. In our previous studies[2,3],
some differentially expressed genes between gastric cancer
tissues and precancerous lesions have been obtained. Genes
that have been shown to correlate with gastric cancer were
used as a part of the target genes in the microarray.
Commercially available microarrays with 8 464 human
cDNA sites have also been used for identifying specific
genes associated with normal mucosa, precancerous lesions
and gastric cancer.
The gene microarray technique has the advantage of
simultaneously monitoring the expression of thousands of
genes in one hybridization experiment. This technique has
greatly facilitated the detection of differentially expressed
genes and the construction of gene expression profiles. Since
1995, the DNA microarray technique has been widely
employed to investigate the functions of genes, especially
those genes involved in tumor generation and growth[4]. This
technique has a great potential as a practical clinical tool for
medical diagnosis[5]. Although many genes are known to be
related to the pathological process of gastric carcinoma, so
far very few prognostic biomarkers of gastric cancer have
actually been used in clinical medicine. In our present study,
we tried to identify specific genes involved in gastric
carcinogenesis, with the objective of establishing a prewarning
system for early diagnosis, therapy and prevention of gastric
cancer.

MATERIALS AND METHODS
Resource of tissue specimens
Specimens used in this study were classified into three
different categories: those of gastric cancer (including all
types of pathologic gastric cancers such as diffuse type and
intestinal type), those of paracancerous lesions (according
to international classified standard including atrophic
gastritis, intestinal gland metaplasia, atypical hyperplasia) and
those of normal gastric mucosa (including slight superficial
gastritis). A total of 150 specimens including 60 gastric
cancers, 60 pre-cancerous lesions and 30 normal gastric
mucosa in liquid nitrogen with clear pathological results,
were provided by the department of Gastroenterology of
the Xi’an Central Hospital. Human cDNA microarrays with
8 464 were purchased from BioDao Company in Shanghai.
Reagents
Total RNA was extracted by using total RNA extract kit
from Promega Inc. Reverse transcriptionof mRNA was
performed by using Smart PCR cDNA synthesis kit
(Clontech). Reaction products were purified with Wizard
plus minipreps DNA purification system. Cy3-dUTP, Cy5dUTP and CSS-25 silylated slides (aldehyde) were purchased
from Pharmacia Inc. and Gene Limited Inc. Spot reportTM
oligoTMarray validation system (Cat # 252170-7) was purchased
from Stratagene Company. Other reagents were purchased
from Sigma Inc.
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Fabrication of microarrays
Microarrays consisting of 2 435 fragment sites including
412 genes were fabricated. These synthesized oligonucleotide
DNAs were first dissolved in 3× SSC solution. Spot report
oligo array validation system (Cat # 252170-7) was used as
quality control. Spots with pure 3× SSC solution were
selected as background control. The target genes were
spotted on silylated slides by MicroGridII spotting robotics
(BioRotics Inc.). After spotting, the slides were hydrated
(2 h), dried (0.5 h, RT), UV crosslinked (65 mJ/cm), and
then treated with 2 g/L SDS (10 min), H2O (10 min), and
2 g/L NaBH4 (10 min). The slides were dried before being
made ready for usage.
Extraction of total RNAs and probe preparation
Total RNA extraction was performed by using total RNA
extract kit from Promega Inc. Final total RNA templates
were dissolved with non-RNase and non-DNase Milli-Q
H2O. Fluorescent cRNA probes were prepared through
reverse transcription and then purified, referring to the
protocol of Schena(DNA microarrays, a practical approach. Oxford University Press,
1999:110-126)
. The probes from gastric cancer tissues and precancerous tissues were labeled with Cy5-dUTP, those
from normal gastric mucosa tissues with Cy3-dUTP. The
labeled probes were mixed, fragmented and precipitated
by ethanol and dissolved in 20 L hybridization solution
(5×SSC+2 g/L SDS).
Hybridization and washing
After denatured at 95 ℃ for 5 min, the probes were added
onto slides, covered with a cover glass and incubated at
42 ℃ for 17 h. The slides were subsequently washed in
solutions of 2× SSC+2 g/L SDS, 0.1× SSC+2 g/L SDS
and 0.1× SSC, 10 min each time, and then dried at room
temperature.
Detection and analysis
Microarrays were scanned by using Affymetrix 428 TM
array scanner. ImageGene 3.0 software (BioDiscovery Inc.)
was used to quantify, correct for background noise and
normalize the signals from post-hybridization chip.
Construction of prewarning data library
The data files were incorporated into a computer database
by CGO software, including patient disease history and all
screened results, such as, name, file number, sex, age, address,
telephone, e-mail address, marital status, blood type, body
mass, disease history, imaging examination, pathological
examination, serum examination, blood examination,
cytogenetic report, and gene array report.
Threshold values of expression profiles
Expression gene profiles were established according to the
acquired data. CAD software was used in the selection of
discriminating candidate genes by their correlation with three
kinds of gastric tissues, determination of the optimal
set of reporter genes by using a leave-one-out validation
procedure, determination of the threshold values of selected
gene expression levels to distinguish normal gastric mucosa
from pre-cancerous lesions and gastric cancer, and metastatic
cancer and no-metastatic cancer.
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Analysis software for gastric cancer prewarning data
A total of 412 genes and critical threshold values to distinguish
normal gastric mucosa from pre-cancerous lesion and gastric
cancer were compiled into an analysis software, which could
provide analysis reports by analyzing the microarray test results.
Northern blot analysis
Five micrograms of mRNA was resolved by denaturing
formaldehyde agarose gel and transferred onto hybrid
membranes (Amersham). The membranes were hybridized
with 32p-labeled fragments of cDNA overnight, washed twice
in 1 g/L standard saline citrate and 1 g/L SDS for 20 min
and then exposed to Kodak BioMax film at -80 ℃ with an
intensifying screen for 24 h.
Immunohistochemistry analysis
Standard avidin-biotin complex (ABC) technique was used
for immunohistochemical staining of formalin-fixed,
paraffin-embedded gastric cancer tissues. Specific antibody
(10 mg/L) and PBS were added onto tissue slides previously
blocked with rabbit serum and incubated overnight. After
washing with PBS, the slides were incubated with a rabbit
anti-human IgG conjugated to biotin at room temperature
for 1 h, alkaline phosphatase substrate was then added for
color development. The slides were counterstained with
hematoxylin-eosin.
Statistical analysis
A two-way clustering analysis was performed by using
Cluster software and Tree view software from http://www.
microarray.org (PNAS 1998; 95:14863). Statistical analysis was
performed by using the t test. All P values were based on
two-sided testing, and a significant difference was defined
as P less than 0.05.

RESULTS
Screened genes associated with normal gastric mucous, precancerous lesion and gastric cancer
Two high-density chips were used to primarily screen differential
genes associated with normal gastric mucosa, pre-cancerous
lesion and gastric cancer. According to the obtained partial
biochip hybridization results, 393 genes closely associated
with three stages of gastric cancer development were
primarily screened out (Figure 1). Fifteen genes associated
with gastric cancer metastasis and 8 genes associated with
risk factor genes of gastric cancer, such as cagA, vacA,
Ure, EB, were selected according to the literature[6]. These
genes were used as main target genes on the prewarning
chip. The oligonucleotides associated with 412 genes were
designed, synthesized and fabricated into low-density chip.
One hundred and fifty specimens screened by low-density
chip
All the 150 specimens with clear pathological results were
screened with the fabricated low-density microarrays. Among
these, 60 were known to be cancerous, 60 precancerous
and 30 normal (Figure 2). In the 60 cancer specimens, 216
genes were found to exhibit higher expression levels than
those in normal gastric mucosa. Among the 216 genes, 156
also exhibited higher expression levels than those in the

Figure 1 Results of high-density chip hybridization with gastric tissues.
Red and yellow: higher gene expression levels. Green and blue: lower
gene expression levels.

Gastric
cancer
Gastric
mucosa

0.25
0.5

421 genes

Brcaa1

1
2
4

ndr1

Figure 2 Cluster analysis of low-density-chip-examination results of
150 specimens.

precancerous lesions (Table 1). In the 60 specimens of Precancerous lesions, 126 genes exhibited higher expression
levels than those in the normal tissues. Among those, 85
genes also showed higher expression levels than those in
the gastric cancer tissues (Table 1). Contrary to our initial
expectations, selected risk factor genes such as cagA, vacA,
Ure, EB did not show overexpression levels in gastric cancer
tissues in comparison with the nor mal tissues and
precancerous lesions. In fact, these genes showed lower
expression levels in gastric cancer tissues than in normal
tissues and precancerous lesions. This result demonstrated
that the risk factor genes due to H pylori infection might
be more closely associated with the progression of
precancerous lesion. Eighty-eight genes in normal tissues
exhibited higher expression levels than those found in gastric
cancer tissues and pre-cancerous tissues (Table 1). These
genes are helpful for distinguishing normal gastric mucosa
from precancerous lesions. This is very important in
diagnosing the precancerous lesion among common gastric
diseases, such as superficial gastritis, because the treatment
of precancerous lesion requires special focused methods.
If left untreated, precancerous lesion might result in gastric
cancer in a limited time.
Construction of prewarning database library of gastric cancer
The gene expression profiles of each specimen obtained by
biochip were stored together with patient clinical data
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including follow-up treatments until death. The data files
were incorporated into a computer database by CGO
software, including patients’ disease history and all screened
results such as name, file number, sex, age, address, telephone,
e-mail address, marital status, blood type, body mass, disease
history, imaging examination, pathological examination,
serum examination, blood examination, cytogenetic report,
gene array report. The prewarning data were added with
new content. These data would be available on Gastric Cancer
Information Web presided by Dr. Cui at http://www.37c.com.cn.
Critical threshold values to distinguish normal gastric mucosa
from pre-cancerous lesion and gastric cancer
A total of 412 genes were selected as the main diagnostic
genes, including 216 genes that displayed higher expression
levels in cancer tissues than in non-cancer tissues, 85 genes
with higher expression levels in precancerous lesions than
in cancer tissues and 88 genes that exhibited higher expression
levels in normal tissues than in gastric cancer tissues and
pre-cancerous tissues. We selected 15 genes associated with
metastasis of gastric cancer as metastasis biomarkers, 8
risk factor genes as reference biomarkers to predict the
development of pre-cancerous lesions (Table 1). The critical
threshold values to distinguish normal gastric mucosa from
pre-cancerous lesion and gastric cancer were decided and
were summarized in Table 2.

Table 1 Differentially expressed genes in prewarning microarray of
gastric cancer
GenBank Number

Description of gene

Highly expressed genes in gastric cancer

March 7, 2005

22
23

NM_004103
XM_008355

24
25
26
27

L18920
M12174
NM_012333
BC016514

28
29
30
31
32
33
34
35
36
37
38
39

NM_004324
Z26580
D45906
D21255
X54925
X05232
M22612
XM_055254
AF081127
M15796
HSFIBEDA
HSU66406

40
41

AF068846
HSBTRCP

42

AF110763

43
44
45

HUMHO2SOS1
HSHMSH16
HSEHK1

46
47
48
49
50
51
52
53

HSKLON30
AB005047
AF070561
HUMCAM1V
HSRNASMG
X83228
AF125100
HSU97018

54
55
56
57

HSU43188
HSY17392
HSU08316
HZNF232G2
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transcription 5A (STAT5A)
Homo sapiens protein tyrosine kinase 2 beta (PTK2B)
Homo sapiens membrane protein, palmitoylated 2
(MPP2)
Human MAGE-2 gene exon 2, 3, 4
Human ras-related rho
Homo sapiens c-myc binding protein (MYCBP)
Homo sapiens, similar to translocated promoter
region (to activated MET oncogene)
Homo sapiens BCL-2 associated X protein (BAX)
cyclin A
LIMK-2
OB-cadherin-2
Type I interstitial collagenase
Stromelysin, matrix metalloproteinase 3
Human pancreatic trypsin 1 (TRY1)
Homo sapiens fibronectin 1 (FN1)
Danio rerio fibronectin (fn2)
Human cyclin protein gene
Human fibronectin gene ED-A region
Human putative EPH-related PTK receptor ligand
LERK-8 (Eplg8)
Homo sapiens scaffold attachment factor A (SAF-A)
Homo sapiens mRNA for beta-transducin repeat
containing protein
Homo sapiens skeletal muscle LIM-protein 1 (FHL1)
gene
Human mRNA for heme oxygenase-2
Human mutator hMSH2 gene
Homo sapiens mRNA for EHK-1 receptor tyrosine
kinase
Homo sapiens mRNA for unknown antigen
Homo sapiens mRNA for SH3 binding protein
Homo sapiens clone 24703 beta-tubulin
Human vascular cell adhesion molecule 1
Homo sapiens mRNA for Sm protein G
Homo sapiens mRNA for LI-cadherin
Homo sapiens HSPC039 protein
Homo sapiens echinoderm microtubule-associated
protein homolog HuEMAP
Human Ets transcription factor (NERF-2)
Homo sapiens mRNA for prefoldin subunit 1
Human insulin-stimulated protein kinase 1 (ISPK-1)
Homo sapiens zinc finger protein ZNF232, exons
2 and 3
Human p53 cellular tumor antigen

1
2

NM_001962
XM_017384

Homo sapiens ephrin-A5 (EFNA5)
Homo sapiens matrix metalloproteinase 7 (MMP7)

3

NM_008610

Mus musculus matrix metalloproteinase 2 (Mmp2)

4

NM_004995

Homo sapiens matrix metalloproteinase 14

5

AF093573

(MMP14)
Bos taurus angiopoietin-1 (ang-1)

6

AF004327

Homo sapiens angiopoietin-2

7

M11730

Human tyrosine kinase-type receptor (HER2)

58

HUMP53T

8
9

U13948
XM_049646

Human zinc finger/leucine zipper protein (AF10)
Homo sapiens similar to octamer-binding

59
60

J03040
XM_053809

Human SPARC/osteonectin
Homo sapiens similar to chondroitin sulfate
proteoglycan 2 (versican)

10

XM_055784

Homo sapiens fibroblast growth factor 2 (basic)

11

XM_056035

(FGF2)
Homo sapiens proliferating cell nuclear antigen

61
62
63

L40379
HSU72069
HUMPGK2

Homo sapiens thyroid receptor interactor (TRIP10)
Human karyopherin beta2
Human phosphoglycerate kinase (pgk) mRNA, exons

12

L24203

Homo sapiens ataxia-telangiectasia group

HSU07139
XM_001472

2 to last
Human voltage-gated calcium channel beta subunit
Homo sapiens v-jun sarcoma virus 17 oncogene

13

XM_087201

D-associated protein
Homo sapiens similar to RED protein, IK cytokine

64
65

14

X00663

Human mRNA fragment for epidermal growth factor

66

AU100088

15

NM_002607

Homo sapiens platelet-derived growth factor alpha
polypeptide (PDGFA)

67
68

HUMKRUPZN
AF077050

16

XM_165656

Homo sapiens matrix metalloproteinase 2 (MMP2)

Human Kruppel related zinc finger protein (HTF10)
Homo sapiens neuroendocrine-specific protein C
homolog

17

NM_005918

Homo sapiens malate dehydrogenase 2, NAD

18

AF503165

(mitochondrial) (MDH2)
Homo sapiens HUS1 checkpoint homolog (HUS1)

69
70
71

HUMSC35A
HUMPTPB
AF049608

Human splicing factor SC35
Homo sapiens protein tyrosine phosphatase (CIP2)
Homo sapiens monocarboxylate transporter 2

19

XM_045667

Homo sapiens antigen identified by monoclonal

HUMHEK
J03210

(MCT2)
Human receptor tyrosine kinase (HEK)
Human collagenase type IV

20

XM_050913

antibody Ki-67 (MKI67)
Homo sapiens frequently rearranged in advanced

72
73
74
75

HSRAB9P40
AF184924

transcription factor 3B (OCT-3B)

(PCNA)

(EGF) receptor

gene

T-cell lymphomas (FRAT1)
21

XM_032866

Homo sapiens signal transducer and activator of

homolog (avian) (JUN)
Human phosphogluconate dehydrogenase (hPGDH)
gene

Homo sapiens mRNA for Rab9 effector p40
Homo sapiens zinc finger transcription factor
BTEB2 gene
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76

HUMC5A2A

Human fibrillar collagen (proa2 (V)) gene

77
78

HUMGAPA
HUMGLURS

Human GTPase-activating protein ras p21 (RASA)
Human glutamate receptor subunit (GluH1)

127

HSA6417

79

AF047715

Homo sapiens A-kinase anchoring protein (AKAP18)

128

AF109126

Homo sapiens stromal cell-derived receptor-1 beta

80

HSU40282

Homo sapiens integrin-linked kinase (ILK)

129

AB030078

Homo sapiens mRNA for K-sam-II03

81

HSATPF1M

Human mRNA for mitochondrial ATP synthase
(F1-ATPase) alpha subunit

130

HUMMFAP

Homo sapiens extracellular matrix protein (MFAP3)
gene

82

AF152485

Homo sapiens protocadherin alpha 7 short form

131

HUMCOLVA

Human alpha-2 type V collagen gene

protein (PCDH-alpha7)

132

HUMAAMP1X

Homo sapiens angio-associated migratory cell
protein (AAMP)
Homo sapiens mRNA for kinesin-2

Homo sapiens mRNA for beta-tubulin folding
cofactor D

83

HSRP19

Human mRNA for 19 ku protein of signal recognition
particle (SRP)

133

Y08319

84

U17195

Homo sapiens A-kinase anchor protein (AKAP100)

134

HSVWFR1

Human mRNA for pre-pro-von Willebrand factor

85

HSU79299

Human neuronal olfactomedin-related ER localized

135

S60085S2

ADMLX=putative adhesion molecule [human,

86

XM_037859

protein
Human focal adhesion kinase (FAK)

136

HSU51334

mRNA, 4121 nt, segment 2 of 2]
Homo sapiens signal transducing adaptor molecule

87

HSU04209

Human-associated microfibrillar protein

88

D82878

Hemicentrotus pulcherrimus mRNA for p34cdc2

137

AF435957

Homo sapiens Ly-6 antigen/uPA receptor-like

89
90

AF060515
D21262

Homo sapiens cyclin K (CPR4)
Human mRNA for KIAA0035 gene

138

NM_000245

domain-containing protein
Homo sapiens met proto-oncogene (hepatocyte

91

NM_005641

Homo sapiens TATA box binding protein-associated
factor, RNA polymerase II, 85 ku

139

XM_044659

Homo sapiens c-src tyrosine kinase (CSK)

140
141

AF061573
HUMMFAP

Homo sapiens protocadherin (PCDH8)
Homo sapiens extracellular matrix protein (MFAP3)

protein precursor (MDC9)

142

AF081535

Homo sapiens CDC45L (CDC45L)

Homo sapiens mRNA for JKTBP2
Human cellular fibronectin

143
144

HUMCA1XIA
AB016625

Human alpha-1 type XI collagen (COL11A1)
Homo sapiens OCTN2 gene
Homo sapiens CGI-141 protein

92
93

HSU07550
X82153

Human chaperonin 10
Homo sapiens mRNA for cathepsin 0

94

HSU41766

Human metalloprotease/disintegrin/cysteine-rich

2A (STAM2)

growth factor receptor)

gene

95
96

AB017019
HUMFNC

97

U93033

Homo sapiens thyroglobulin (TG)

145

AF151899

98

AF0304354

Homo sapiens proteoglycan 3 (PRG3) gene

146

HSU12535

Human epidermal growth factor receptor kinase

HUMCOL3IX
NM_002427

Homo sapiens collagen alpha 3 type IX (COL9A3)
Homo sapiens matrix metalloproteinase 13

147

HSFCRIB

substrate (Eps8)
Human mRNA for high affinity Fc receptor (FcRI) ‘b

148

HSU74628

99
100

form’

(MMP13)

Homo sapiens cell division control related protein

101

AF039747

Homo sapiens cadherin-10 (CDH10)

102

AF072242

Homo sapiens methyl-CpG binding protein MBD2
AF039564

HSMYCC

(MBD2)
Human c-myc oncogene

149

103
104

HSTSPM

Homo sapiens tissue specific mRNA

150

HUMGAPA

Human GTPase-activating protein ras p21 (RASA)

105

HSU64317

Human Crk-associated substrate related

151

HUMSTK2A

Human protein serine/threonine kinase stk2

106

HSVACM1

protein Cas-L
Homo sapiens mRNA for vasopressin activated

152
153

AF144700
HUMTUBAK

Homo sapiens small zinc finger-like protein (TIM13)
human alpha-tubulin

calcium mobilizing receptor-like protein

154

HUMADCY

107

HUMPA1V

Human pro-alpha-1 (V) collagen

108
109

AF059611
HSU004845

Homo sapiens nuclear matrix protein NRP/B (NRPB)
Human a6 (I V) collagen (COL4A6)

155

HSU89329

Human alternatively spliced microtubule-associated
protein 2C (MAP2)

110

M87860

Human S-lac lectin L-14-II (LGALS2) gene

156

BC00051

Homo sapiens, Insulin-like growth factor 2

111

AF492837

Human mRNA for osteopontin

157

HSU89329

Human alternatively spliced microtubule-associated

112

HSCOX7BM

Homo sapiens coxVIIb mRNA for cytochrome
c oxidase subunit VIIb

158

BC00051

protein 2C (MAP2)
Homo sapiens, insulin-like growth factor 2

113

U01244

Human fibulin-1D

159

AB000529

Homo sapiens, prostate differentiation factor

114

U52153

Human inwardly rectifying potassium channel

160

HSMAP01

Human microtuble-associated protein-2 (MAP-2)

S66427

Kir3.2
RBP1=retinoblastoma binding protein 1 [human,

161

X67951

gene, exon 1
Human mRNA for proliferation-associated gene

115

(hCDCrel-1)
Homo sapiens retinoblastoma binding protein
(RBBP9)

Homo sapiens adenyl cyclase-associated protein
(CAP)

(pag)

Nalm-6 pre-B cell leukemia, mRNA, 4834 nt]
AF117108

Homo sapiens IGF-II mRNA-binding protein

162

M94250

Human retinoic acid inducible factor (MK) gene

163

XM_046278

117

HSU49083

3 (IMP-3)
Human cell surface heparin binding protein HIP

118
119
120

HSU59289
HSU95032
HSU18018

Human H-cadherin
Human growth-arrest-specific protein 2
Human E1A enhancer binding protein (E1A-F)

164

HSBM40

Homo sapiens core promoter element binding protein
(COPEB)
Human mRNA for extracellular matrix protein

121

HUMCGRPB

HSU76381
HSCALM2S04

BM-40
Homo sapiens fibroblast growth factor (FGF-12b)
Homo sapiens calmodulin (CALM2) gene, exons 3-6

122

X59543

Homo sapiens (clone HSNME29) CGRP type
1 receptor
Human mRNA for M1 subunit of ribonucleotide

165
166

HUMID2X
U20758
AF152307

Human helix-loop-helix protein(ID-2)
Human osteopontin gene
Homo sapiens protocadherin alpha 11

123
124

AF072810
AF005068

reductase
Homo sapiens transcription factor WSTF
Homo sapiens breast and ovarian cancer

167
168
169
170

HUMAAMP1X

125

HSU66197

susceptibility protein splice variant (BRCA1)
Human fibroblast growth factor homologous factor
1 (FHF-1)

(PCDH-alpha11)
Homo sapiens angio-associated migratory cell
protein (AAMP)

171
172

HUMMXI1A
AF143536

126

HUMVTNR

Human cell adhesion protein (vitronectin) receptor

116

Human MXI1
Homo sapiens colon cancer-associated protein Mic1
(MIC1)
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173

HSU70322

Human transportin (TRN)

7

HUMCD3621

Human antigen CD36 (clone 21)

174
175

HUMMNMP
AF071057

Human major nuclear matrix protein
mRNA differentially expressed in GC7901 and

8

Z11899

Homo sapiens OTF3 mRNA for encoding octamer
binding protein 3B

GES-1

9

XM_003226

176

AF219140

Homo sapiens gastric cancer-related protein

177

HSU40282

GCYS-20
Homo sapiens integrin-linked kinase (ILK)

10
11

HUMPAI2B
HUMACTIIA

Human plasminogen activator inhibitor 2 (PAI-2)
Human activin type II receptor

178

HSCA2VR

Human mRNA for pro-alpha 2 (V) collagen chain

12

M93718

Human nitric oxide synthase

179

HUMPECAM27

Homo sapiens platelet/endothelial cell adhesion

13

HSU46837

Human RNA polymerase II holoenzyme component

XM_165823

molecule-1 (PECAM-1) gene
Homo sapiens tumor necrosis factor (TNF

14

HUMPCNA

SRB7 (SRB7)
Human proliferating cell nuclear antigen (PCNA)

15

HSPCAR

Human mRNA for calcium dependent protease

16

HSU12140

(small subunit)
Human tyrosine kinase receptor p145TRK-B

17

HSTOP2A10

Homo sapiens topoisomerase II alpha (TOP2A) gene,

18

HUMYWXD703

exons 34 and 35
Homo sapiens ADP/ATP carrier protein (ANT-2)

180

gene

superfamily, member 2) (TNF)
181
182

D21063

Homo sapiens MCM2 minichromosome

XM_168045

maintenance deficient 2, mitotin
Homo sapiens CD24 antigen (small cell lung

Homo sapiens vasoactive intestinal peptide receptor
1 (VIPR1)

(TRK-B)

carcinoma cluster 4 antigen) (CD24)
183

XM_030326

Homo sapiens CD44 antigen (CD44)

184
185

XM_034862
AB025106

Homo sapiens interferon regulatory factor 1 (IRF1)
Homo sapiens mRNA for E-cadherin

186

U73704

Homo sapiens 48 ku FKBP-associated protein FAP48

187

AF380298

Oncorhynchus mykiss interferon regulatory factor 1

19

HUMKGF

Human keratinocyte growth factor

20

HS40KDAP

188

L24203

gene, promoter region and partial sequence
Homo sapiens ataxia-telangiectasia group

Homo sapiens 40 ku protein kinase related to rat
ERK2

D-associated protein

21

HUMPAFAA

189

D45906

Homo sapiens mRNA for LIMK-2

190
191

D21255
X54925

Human mRNA for OB-cadherin-2
Homo sapiens mRNA for type I interstitial

192

X05232

193
194

gene

Human mRNA for platelet activating factor
acetylhydrolase IB gamma-subunit

22
23

HUMLPL
HUMMYLCC

Human lipoprotein lipase
Human smooth muscle myosin alkali light chain

Human mRNA for stromelysin, matrix

24

HSU10564

Human CDK tyrosine 15-kinase WEE1Hu (Wee1Hu)

M22612

metalloproteinase 3
Human pancreatic trypsin 1 (TRY1)

25
26

AF022655
D49737

Homo sapiens cep250 centrosome associated protein
Homo sapiens mRNA for cytochrome b large subunit

HUMGOS8PPC

Human helix-loop-helix basic phosphoprotein
(GOS8)

27

HUMCD53GLY

Human CD53 glycoprotein

(MLC 1sm)

collagenase

of complex II

195

HUMTHBS3

Homo sapiens thrombospondin 3 (THBS3) gene

28

L02867

Homo sapiens 62 ku paraneoplastic antigen

196
197

HSVECAD
HSBTRCP

Homo sapiens VE-cadherin
Homo sapiens mRNA for beta-transducin repeat

29

HUMCALBETB

Human voltage-dependent calcium channel beta-1
subunit

containing protein

30

HUMEPSURAN Human surface antigen

198

HUMPROFII

Human profilin II

31

AB020647

Homo sapiens mRNA for KIAA0840 protein

199
200

HSCALT
AF091214

Homo sapiens mRNA for caltractin
Homo sapiens WRN (WRN)

32

HSU88966

Human protein rapamycin associated protein
(FRAP2) gene

201

AF070561

Homo sapiens clone 24703 beta-tubulin

33

HUMHGLUT1

Human mRNA for glutamate transporter

202

HUMCD14MCA Human monocyte antigen CD14 (CD14)

34

U70663

Human zinc finger transcription factor hEZF(EZF)

203
204

HUMCAM1V
AF032900

Human vascular cell adhesion molecule 1
Homo sapiens timing protein CLK-1

35

HSPTS1R

Homo sapiens mRNA for peroxisomal targeting
signal 1 (SKL type) receptor

205

AF070561

Homo sapiens clone 24703 beta-tubulin

36

HSU61276

Human transmembrane protein Jagged 1 (HJ1)

206

HSUPUE

Homo sapiens mRNA for unknown protein of uterine

37

HUMMYONM

Human nonmuscle myosin heavy chain (NMHC)

AF016270

HUMIL8RB

endometrium
Homo sapiens interleukin 8 receptor beta (IL8RB)

38

207

Homo sapiens thyroid hormone receptor
coactivating protein

208

HSERK3

Homo sapiens ERK3

39

HSU66243

Human p38 gamma MAP Kinase

209

AF208045

Homo sapiens breast cancer-associated antigen

40

HSU41766

Human metalloprotease/disintegrin/cysteine-rich

AF081259

BRCAA1 (BRCAA1)
Homo sapiens testis-specific chromodomain Y-like

41

HUMELF2

protein precursor (MDC9)
Human translational initiation factor 2 beta subunit

42
43
44

HUMCYCAA
NM_013217
AB017642

Human somatic cytochrome c (HCS) gene
Homo sapiens gene for AF-6
Homo sapiens mRNA for oxidative-stress responsive 1

45

AF110956

46

HUMALR

Homo sapiens SUMO-1 activating enzyme subunit 1
(SAE1)
Human aldehyde reductase

47

HUMATPSAS

48

AF052497

49

AB000889

210

(elF-2-beta)

protein (CDYL)
211

AB022918

212

AF057036

Homo sapiens mRNA for alpha2,3-sialyltransferase
ST3Gal VI
Homo sapiens acetylcholinesterase collagen-like tail

213
214

AF152497
M86752

subunit (COLQ)
Homo sapiens protocadherin beta 4 (PCDH-beta4)
Stress-induced phosphoprotein 1

215
L04270
TNF C receptor
216
AF009674
Axin 1
Highly expressed genes in precancerous lesions

Human gene for ATP synthase alpha subunit (exon
1 to 12)
Homo sapiens clone B18

1
2
3

HSU72621
HUMNMOR
AF009227

Human LOT1
Human NAD(P)H: menadione oxidoreductase
Homo sapiens gamma-heregulin

50

HUMTPARN

Homo sapiens mRNA for phosphatidic acid
phosphatase 2b
Homo sapiens mRNA for tissue plasminogen

4

HSU44839

51
52

AF006082
HSU21090

activator.
Homo sapiens actin-related protein Arp2 (ARP2)
Human DNA polymerase delta small subunit

53

HUMVENHK1

Human voltage-gated potassium channel (HK1)

5

HUMAAE

Human putative ubiquitin C-terminal hydrolase
(UHX1)
Homo sapiens dbpB-like protein

6

HSU08316

Human insulin-stimulated protein kinase 1 (ISPK-1)
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1279
XM_052013

Homo sapiens polymeric immunoglobulin receptor

17

U90065

(PIGR)
Human potassium channel KCNO1

18

M55422

Human Krueppel-related zinc finger protein (H-plk)

(IGFBP1) gene

19

S78825

Id1, transcription regulator helix-loop-helix protein
Human protein disulfide isomerase (PDIp)
Human cell adhesion kinase beta (CAKbeta)

HUMVTNR

Human cell adhesion protein (vitronectin) receptor

55

AF091242

alpha subunit
Homo sapiens ATP sulfurylase/APS kinase 2

56

HUMIGFBP1

Human insulin-like growth factor binding protein-1

16

57
58

AF047439
AF117386

Homo sapiens unknown
Homo sapiens ubiquitin-specific protease (UBP)

20
21

U19948
U43522

59

AF092129

Homo sapiens guanine nucleotide binding protein

22

U12139

23
24

M14539
X65614

Gccys-1, mRNA differentially expressed between

25

AF000560

Homo sapiens TTF-I interacting peptide 20

26

AF002224

AF054163

GC7901 and GES-1
Gccys-2, mRNA differentially expressed between

Homo sapiens Angelman Syndrome Gene, E6-AP
ubiquitin protein ligase 3A

GC7901 and GES-1

27

U57096

Human janus kinase 3 (Jak3)

AF054164

Gccys-3,mRNA differentially expressed between

28

U42600

Human calcium-activated potassium channel beta

AF054165

GC7901 and GES-1
Gccys-4, mRNA differentially expressed between

29

NM_017406

subunit
cAMP responsive element binding protein-like 1

GC7901 and GES-1

30

60

HUMCOXIV

61

J05412

Human regenerating protein (reg) gene

62

AF054162

63
64
65

Human alphal (XI) collagen (COL11A1) gene, 5’
region and exon 1

gamma-3 subunit
Human cytochrome c oxidase COX subunit IV
(COX IV)

Human factor XIII subunit
Homo sapiens mRNA for calcium-binding protein
S100P

U04806

Human FLT3/FLK2 ligand

66

AF054166

Gccys-5, mRNA differentially expressed between

31

D84361

Human p52 and p64 isoforms of N-Shc

67

AF054167

GC7901 and GES-1
Gccys-6, mRNA differentially expressed between

32
33

Z30425
M16364

Homo sapiens orphan nuclear hormone receptor
Human creatine kinase-B

GC7901 and GES-1

34

X96924

68

NM_003542

Homo sapiens H4 histone family, member G(H4FG)

69
70

XM_032781
XM_083852

Homo sapiens tubulin, gamma 1 (TUBG1)
Homo sapiens ribonucleotide reductase M1

35
36

HSNM23H1
NM_014792

Homo sapiens nm23H1 gene
Homo sapiens KIAA0125 gene product (KIAA0125)

polypeptide(RRM1)

37

M34041

Human alpha-2-adrenergic receptor (aipha-2 c2) gene

71

HSU51586

Human siah binding protein 1 (siahBP1)

38

XM_002444

Homo sapiens serine threonine kinase 39 (Stk39)

72
73

X55181
NM_004526

Human ETS2 gene
Homo sapiens MCM2 minichromosome

39

NM_001690

Homo sapiens ATPase, H+ transporting, lysosomal
70 ku, V1 subunitA

maintenance deficient 2, mitotin (MCM2)

40

L12398

Human sapiens dopamine receptor D4 (DRD4)

74

XM_040900

Homo sapiens MAP/microtubule affinity-regulating

41

L76465

Homo sapiens encoding mitochondrial citrate
transport protein

Homo sapiens NAD+ dependent 15
hydroxyprostaglandin dehydrogenase (PGDH)

kinase 3 (MARK3)
75

XM_083852

Homo sapiens ribonucleotide reductase M1
polypeptide(RRM1)

42
43

U57094
Z14978

Human small GTP-binding protein
Homo sapiens mRNA for actin-related protein

76

NM_012145

Homo sapiens deoxythymidylate kinase

44

X53961

Human lactotransferrin

(thymidylate kinase) (DTYMK)

45

M62628

Human alpha-1 Ig germline C-region membrane-

77
78

X59543
M74542

Ribonucleotide reductase M1 polypeptide
Human aldehyde dehydrogenase type III (ALDHIII)

46

M84526

coding region
Human adipsin/complement factor D

79

M61855

Human cytochrome P4502C9 (CYP2C9)

47

X04391

Human lymphocyte glycoprotein T1/Leu-1

80

S37730

Homo sapiens insulin-like growth factor binding

48

X044533

81

AB015982

protein-2
Homo sapiens EPK2 mRNA for serine/threonine

82

X67951

Human mRNA for proliferation-associated gene

AF127506

(pag)
Homo sapiens adenomatosis polyposis coli tumor
suppressor (APC) gene

(SEMA4B)

kinase

83

84
HT880
Human Gastric mucin 6
85
M63154
Gastric intrinsic factor
Highly expressed genes in normal gastric mucous
1
2
3

X05997
U75272
M63154

Human mRNA for gastric Lipase
Human gastricsin
Human intrinsic factor

4
5
6

AF043909
L07518
M61853

Homo sapiens gastric mucin (MUC5AC)
Homo sapiens mucin
Human cytochrome p4502C18 (CYP2C18)

7
8

M10942
L15533

Human metallothionein-Ie gene (hMT-Ie)
Homo sapiens pancreatitis-associated protein (PAP)
gene

9

Z49107

Homo sapiens galectin

10
11

U52191
NM_005522

Human SMCY (H-Y)
Homo sapiens homeo box A1 (HOXA1)

12

M57732

Human hepatic nuclear factor 1 (TCF1)

13

X59770

Homo sapiens IL-1R2 mRNA for type II interleukin-

14

X76223

1 receptor
Homo sapiens MAL gene exon 4

15

U05259

Human MB-1 gene

Homo sapiens sema domain, immunoglobulin
domain (Ig), transmembrane domain (TM) and
short cytoplasmic domain, (semaphoring) 4B

49

AF071054

Gcys-11, mRNA differentially expressed in cell lines

50

AF063015

GC7901 and GES-1
Homo sapiens cell division protein

51

AF071056

Gcys-17, mRNA differentially expressed in cell lines
GC7901 and GES-1

52

AF071058

53

NM_001730

Gcys-15, mRNA differentially expressed in cell lines
GC7901 and GES-1
Homo sapiens Kruppel-like factor 5 (intestinal)
(KLF5), mRNA

54
55

AB047278
XM_061005

Arabidopsis thaliana AtNdr 1 mRNA for Ndr kinase
Homo sapiens similar to Mucin 2 precursor
(Intestinal mucin2)

56
57
58

HUM20D9
HSCDC2
AF202051

Human gene for 2-oxoglutarate dehydrogenase
Human CDC2 gene involved in cell cycle control
Homo sapiens NM23-H8 (NME8)

59

NM_005423

60

D50419

Homo sapiens trefoil factor 2 (spasmolytic protein 1)
(TFF2)
Homo sapiens OTK18

61

HSU88870

62

NM_031942

Human cell division control-related protein 2b
(hcdcrel2b)
Homo sapiens cell division cycle associated 7

63
64

HSU09716
HSU14394

(CDCA7)
Human mannose-specific lectin (MR60)
Human tissue inhibitor of metalloproteinases-3
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Analysis software for prewarning data of gastric cancer
All 412 genes and critical threshold values to distinguish
normal gastric mucosa from precancerous lesion and gastric
cancer were compiled into an analysis software, which can
automatically provide analysis reports by analyzing the
provided microarray test results. The analysis software for
examination results of prewarning system of gastric cancer
locates on the website http://shasta.mpi-stuttgart.mpg.de/
array/form.html. The software cannot be downloaded until
it is confirmed to be very effective and complete.

65

Z48314

Apomucin

66

M63154

Gastric intrinsic factor

67

J05412

Regenerating protein

68

M57732

Hepatic nuclear factor 1

69

U70663

Kruppel-like factor 4

70

AB002559

Syntaxin binding protein 2

71

U80226

GABA transaminase

72

U05259

CD79A

73

X04391

CD5

74

U60800

CD100

75

M74542

Aldehyde dehydrogenase 3

76

X66839

Carbonic anhydrase IX

77

L00972

Cystathionine-beta-synthase

78

L41688

UDP-galactose-4 epimerase

79

J03915

Chromogranin A

80

S76942

Dopamine receptor D4

81

D14695

Herp

82

D50915

KIAA0125

83

D86961

HMGIC fusion partner-like 2

84

X96924

Mitochondrial citrate transporter

85

M16364

Creatine kinase, brain

86

M14539

Factor XIII precursor

87

U19948

Protein disulfide isomerase

88

X65614

S100 calcium binding protein P

Highly expressed genes associated with metastasis
1

NM_004994

Homo sapiens matrix metalloproteinase 9

2

XM_053256

Homo sapiens mucin 1, transmembrane (MUC1)

3

XM_010702

Homo sapiens cathepsin K (pycnodysostosis) (CTSK)

4

NM_002628

Homo sapiens profiling 2 (PFN2), transcript variant 2

5

NM_002128

Homo sapiens high-mobility group protein 1 (HMG1)

6

M28130

Human interleukin 8 (IL8) gene

7

S3488

Metastasis-associated gene (human, highly

8

NM_005231

Homo sapiens ems1 sequence, transcript variant 1

9

XM_059020

Homo sapiens similar to GPI-anchored metastasis-

10

NP_571483

Vascular endothelial growth factor (VEGF)

11

I56986

OPN-a-human (fragment)

12

AAG31602

CD44 isoform v3-v6

13

AF018733

92 ku type IV collagenase precursor (matrix

(gelatinase B, 92 ku type IV collagenase) (MMP9)

Northern blot of brcaa1 and ndr1
Two new biomarkers brcaa1 and ndr1 (NM_007271) were
identified. Brcaa1 (AF208045) showed no or low-expression
levels in normal gastric mucosa and high-expression level
in gastric cancer There was a statistically significant
difference in expression levels between normal gastric
mucous tissues and gastric cancer tissues (P<0.01, Figure 3),
indicating that higher expression of brcaa1 was closely
associated with gastric cancer stage. Further analysis indicated
that higher expression of brcaa1 appeared to have no
correlation with pathological types of gastric cancer (P>0.05,
data not shown). Conversely, ndr1 (NM_007271) displayed
higher expression levels in normal gastric tissues and no or
lower expression in gastric cancer, and there was a statistically
significant difference in expression levels between normal
gastric mucous tissues and gastric cancer tissues (P<0.01),
indicating that higher expression level of ndr1 was closely
associated with normal stage of gastric mucosa tissues.

metastatic lung cell subline Anip)

associated protein homolog

1

2

3

4

5

6

A
1

2

3

4

5

6

7

8

B

metalloproteinase-9) (MMP-9)
14

AF00196

Octamer-binding transcription factor 2 (OTF-2)

15

XM_055254

Homo sapiens fibronectin 1 (FN1)

Risk factor genes
1

V01555

Epstein-Barr virus (EBV) genome, strain B95-8

2

AF275307

H pylori plasmid pHPM8 (cagA)

3

AF275307

H pylori plasmid vacA

4

AF275307

H pylori plasmid Urase

5

AF431736

Human herpesvirus 1 strain KOS ICPO gene

6

Z86099

Herpes simplex virus type 2 (strain HG52)

7

AF477385

Human papillomavirus type 16 E7 gene

8

AX742207

Human hepatitis virus 11 type

Figure 3 Northern blot analysis of brcaa1 and ndr1. A: brcaa1:
lanes 1, 3, 5: Normal gastric tissues; lanes 2, 4, 6: Gastric cancer
tissues; B: ndr1: lanes 1, 3, 5, 7: Gastric cancer tissues; lanes 2, 4,
6: Normal gastric tissues.

Immunohistochemistry analysis of brcaa1 and ndr1
Brcaa1 protein exhibited higher expression in 60 gastric
cancer tissues, lower or no expression in 30 normal gastric

Table 2 Gene expression threshold for distinguishing three kinds of gastric mucosa
Gene classification

Gastric cancer tissue (GC/N)

Precancerous lesion (PC/N)

Normal gastric mucosa (N*/GC or N*/PC)

216 genes associated with gastric cancer

6.01±2.40

1.18 ±0.47

< 0.75

85 genes associated with precancerous lesions

1.32±0.53

4.86±1.94

2.54±0.41

88 genes associated with normal mucosa
15 genes associated with metastasis of gastric cancer

1.31±0.54
5.81±2.32 (M)

2.50±0.75
1.13±0.58

5.42±2.17
0.65±0.35

2.32±1.19 (N1)
8 genes associated with risk factors

>2.0

Specification: The above data indicate the relative expression levels between GC/N, PC/N, N/PC and N/GC mean ratio and minimum values. M: Metastasis; N1:
No metastasis. GC: Gastric cancer; PC: Precancerous lesion; N: Normal mucosa. N*: Selected gene expression levels in normal gastric mucosa.
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Figure 4 Immunohistochemistry analysis of brcaa1 and ndr1. A: Brcaa1 expression in normal gastric mucosa tissues (200 size); B: Brcaa1
expression in gastric cancer tissues (400 size); C: Ndr1 expression in normal gastric mucous tissues (200 size); D: Ndr1 expression in gastric
cancer tissues (200 size).

mucosa tissues. There was a statistically significant difference
in expression levels between gastric cancer tissues and normal
gastric mucous tissues (P<0.01, Figure 4A). The result
indicated that higher expression of brcaa1 was associated
with gastric cancer stage. Ndr1 protein exhibited higher
expression in 30 normal gastric mucosa tissues, lower or no
expression in 60 gastric cancer tissues. There was a
statistically significant difference in expression levels between
normal gastric mucous tissues and gastric cancer tissues
(P<0.01, Figure 4B). The result indicated that higher
expression of ndr1 was closely associated with normal stage
of gastric mucous tissues.

DISCUSSION
The development of normal gastric mucosa into gastric
cancer is a complex process. Previous research in the
pathology of gastric cancer demonstrated that normal
gastric mucosa could gradually develop into pre-cancerous
lesions under special conditions, eventually evolving toward
gastric carcinoma. During the periods from normal gastric
mucosa to gastric cancer, it has not been shown how many
genes are involved at different stages of cancer development.
The cDNA microarray technology could provide an efficient
tool to address the difficulties in screening and quantifying
expression levels of a large number of genes[7-10] . So far
there are some reports associated with gene expression
profiles of gastric cancer based on biochip[11,12]. However,
the problem of early gastric cancer detection is still not
solved satisfactorily. In the present study, we tried to
establish a prewarning system of gastric cancer based on
biochip and CAD technique to solve the problem of early
gastric cancer detection.
Firstly, two high-density microarrays with 8 464 human
cDNA sites were used to screen two pairs of gastric cancer
tissues and 389 genes associated with three stages of gastric
cancer development such as normal gastric mucosa,
precancerous lesion and gastric cancer were obtained. The
selected 389 genes were used as main diagnostic genes on
the prewarning chip, 15 genes associated with metastasis of
gastric cancer as diagnostic genes of metastasis stages, 8
risk factor genes as reference biomarkers to predict the
development of precancerous lesions.
A total of 412 genes were selected to fabricate the low-

density chip, which was used to screen 150 clinical specimens.
It was found that the gene expression levels in normal, precancerous lesion and cancer tissues were significantly
different as expected. CAD software and statistical methods
were used to identify key genes and their critical threshold
values characterizing different tissue status. Two hundred
and sixteen genes displayed higher expression levels in cancer
tissues than in non-cancer tissues, 85 genes exhibited higher
expression levels in precancerous lesions than in cancer
tissues, and 88 genes exhibited higher expression levels in
normal tissues than in gastric cancer and precancerous
tissues (Table 1). The critical threshold values to distinguish
normal gastric mucosa from precancerous lesion and gastric
cancer were identified (Table 2). With the above-mentioned
standards, the 150 specimens could be clearly grouped according
to their tissue status determined in pathology diagnosis.
Therefore, we considered that the established standard had
a great potential in the detection of early gastric cancer.
Based on these selected genes and critical threshold values
characterizing three stages of gastric cancer development,
an analysis software was developed which could analyze
the examination results of 412 genes achieved by biochip
and provide automatically an analysis report. The software
remained to be optimized. These expression profiles obtained
from all these specimens and available clinical data had been
compiled into a prewarning data library of gastric cancer
by CGO software, and these detailed data would be very
useful for the further research and therapy of gastric cancer.
From Table 2, it appeared reasonable to define integrate
markers of GC, PC, NU consisting of many genes, instead
of individual genes, to distinguish three kinds of gastric
tissues status. Once gastric cancer was diagnosed, the
expression levels of 15 metastasis genes could be subjected
to focal studies to identify whether the cancer metastasized,
and to speculate the prognosis of the cancer patients. These
results could also be complemented with supporting evidence
from patient’s disease history, for example, discomfort or
pain in the gastric area, body mass loss in a short time, etc.
If a precancerous lesion was diagnosed, the expression levels
of risk factor genes might be analyzed as indicators on how
fast such lesion would lead to cancer [13]. One may also
establish and search the prewarning database library to
compare similar patients to make a best treatment plan.
The diagnosis and treatment information associated with
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gastric cancer can also be obtained from gastric cancer
information web presided over by Dr. Cui http://www.
37c.com.cn. The prewarning database of gastric cancer is
available on gastric cancer information web. The analysis
software of examination results of the prewarning system
of gastric cancer locates on the website http://shasta.mpistuttgart.mpg.de/array/form.html.
Two new biomarkers have been identified of diagnostic
value, brcaa1 (AF208045)[14] and ndr1 (NM_007271). Brcaa1
showed no or low-expression levels in normal gastric
mucosa and high-expression level in gastric cancer, and
appeared to have no correlation with pathological types of
gastric cancer. Conversely, ndr1 displayed high-expression
levels in normal gastric tissues and no or lower expression
in gastric cancer. These results were also confirmed by
Northern blot and immunohistochemistry analysis. These
two biomarkers may be very useful for distinguishing benign
from malignant gastric mucosa lesions.
Gastric cancer specimens from different patients were
found to display some variability in gene expression profiles.
The reasons could be attributed to variations in specimens,
lesion types and the number of cells collected. Moreover,
variations among individuals may pose a serious challenge
to diagnosis accuracy. In cases of doubt, it would be advisable
to analyze microarray results together with clinical symptoms
of patients and pathological results. It is very difficult to
devise gene expression profiles to further classify the
specimens consistent with pathology types such as atrophic
gastritis, intestinal gland metaplasia, atypical hyperplasia, etc.
Of course, new methods of disease classification can be
defined according to gene expression profiles and DNA
levels (mutation, deletion and amplification). Such methods
may not be fully consistent with pathology classification,
but nevertheless may be appropriate for future clinical
applications. In the near future, pathological diagnosis will
remain a useful and complementary diagnostic tool.
To test the generality of this standard, we collected
randomly some autopsy specimens and screened them with
fabricated gastric microarrays. Simultaneously, pathology
diagnosis was performed on the same specimens. We found
that the results achieved by the microarray were highly
identical with traditional pathological results. In another
paper, we have reported these results in detail[15,16].
In summary, further studies will lead to a more complete
prewarning database library. The prewarning database,
together with miniaturized microarray techniques, will be
used to further improve the accuracy and reliability of the
prewarning system for gastric cancer[16].
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Abstract
AIM: Tumor endothelial markers (TEMs) are a newly
discovered family of endothelial markers associated with
tumor specific angiogenesis. This study sought to examine
the levels of expression (qualitatively and quantitatively)
for TEMs in human colon cancer.
METHODS: Human colorectal cancer tissues (n = 48)
and normal background tissues (n = 31) were obtained
after surgery. RNA was extracted from frozen sections
for gene amplification. The expression of TEMs (TEM-1
to TEM-8) was assessed using RT-PCR and their transcript
levels were determined using real-time-quantitative PCR
(Q-RT-PCR).
RESULTS: TEM-1 (P = 0.01), TEM-7 (P = 0.04), TEM-7R
(P = 0.03), TEM-8 (P = 0.001) significantly raised in colon
cancer tissues compared with the levels detected in normal
background tissues. The expressions of TEM-2 and TEM-6
were found to be not significantly different between tumor
tissues and normal tissues (P>0.05). Patients who had
cancer penetrating into and through the muscularis propria
of the bowel wall and developed nodal involvement
(Dukes C) exhibited significantly higher levels of TEM -8
compared to patients who were node negative (P<0.05).
TEM-7 and TEM-7R showed high level of transcripts in
Dukes C, but they were not statistically significant.
CONCLUSION: The level of the expression of TEM-1,
TEM-7, TEM-7R and TEM-8 (but not TEM-2 and TEM-6)
were associated with both nodal involvement and disease
progression, and may therefore, have a prognostic value
in colorectal cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon cancer is the second leading cause of cancer deaths
in USA and Western countries. Prognosis of patients
with colorectal carcinoma is closely related to the presence
of vascular and lymph node metastasis in their tumor
prognosis[1-3].
Angiogenesis, defined as the sprouting of new capillaries
from pre-existing vessels is characterized by expansion of the
endothelium by proliferation, migration and remodeling, and is
a key to cancer development and particularly metastasis[4].
Angiogenesis is a dynamic multi step process, which involves
retraction of pericytes from the abluminal surface of the
capillary, release of proteases from the activated endothelial
cells, degradation of the ECM surrounding the pre-existing
vessels, endothelial cell migration toward an angiogenic
stimulus and their proliferation, formation of tube-like
structures, fusion of the formed vessels and initiation of
blood flow. Solid tumors are dependent on angiogenesis
for growth when they reach a size of 1 or 2 mm3[5].
Despite the rapid progression in understanding the
biological and the clinical significant of angiogenesis, there
is very little information on markers that are specific to
tumor endothelium. Most endothelial markers used in
assessing angiogenesis, such as CD31, PECAM and vW
factor etc., are expressed in both normal and tumor tissues.
Tumor endothelial markers (TEM1-9) were recently
identified as novel endothelial cell surface markers that
appear to be specific to tumor endothelial cells and are
potentially involved in tumor angiogenesis[6]. TEMs are
structurally and functionally conserved in mouse and
human tumor endothelial cells, and are considered to be
products of one of several genes elevated in human tumor
endothelium and expressed at a level at least 20-fold higher
in endothelial cells in vivo compared to non-endothelial cells[7].
Of particular interest, they are located on the cell-surface
as they are likely to be the most accessible to pharmacological
agents and may also be involved in signaling pathways that
regulate angiogenesis[8].
In this study for the first time qualitatively and
quantitatively, we analyzed the expression of TEMs (1,
2, 6, 7, 7R and 8) in a cohort of colorectal cancer tissues
and correlated these molecules with progression of the
colorectal cancer.
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MATERIALS AND METHODS
Colorectal tissue (cancer and normal) collection
Colorectal tissues (n = 79) were collected from patients
(with the local Research Ethic Committee approval) from
patients with colorectal cancer immediately after surgical
excision and stored at -20 ℃ until use. The samples consisted
of colon tumor tissue (n = 48) together with normal
background tissue from 31 of these patients, and histological
information from their respective histology reports.
RNA extraction
RNA extraction, reverse transcription Kits and PCR mix
were purchased from Abgene (Surrey, UK). Total RNA
was isolated using the standard guanidine isothiocyanate
according to the manufacturer’s protocol as previously
reported[9] . The purity and concentration of RNA was
determined by spectrophotometry at 260 and 280 nm.
Reverse transcription was performed and cDNA samples
were synthesized in 20 µL reaction mixtures.
Conventional RT-PCR
Conventional PCR primers were designed using the Beacon
Designer software (CA) and synthesized by Life Technologies
(Paisley, UK). The agarose gel extraction kit was purchased
from Life Technologies. Primer sequences are given in Table
1. Conventional PCR to amplify the transcripts of TEMs
(TEM1-8) was carried out using colorectal cancer and normal
colorectal tissues. The reaction conditions were: 94 ℃ for
5 min, 36 cycles at 94 ℃ for 40 s, 54 ℃ for 30 s, 72 ℃ for
50 s followed by an extension phase of 10 min at 72 ℃.
-actin was used as an internal housekeeping gene. The
PCR products were separated on 2% and 0.8% agarose
gels and stained with 10L ethidium bromide prior to
examination and photographing under UV light.
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sequence (z sequence), which had been incorporated into
the primers (Table 2). A hot-start quantitation master mix
(Abgene, Surrey, England) was used for the reactions.
PCR conditions for real-time QPCR were as follows:
95 ℃ for 12 min, followed by 50 cycles at 95 ℃ for 15 s,
55 ℃ for 60 s and 72 ℃ for 20 s.
Table 2 Primer sequences for quantitative PCR
Molecules

Sense primer (5’ – 3’)

Z primer (5’ – 3’)

TEM-1

cttgcccactgggatgat

Actgaacgtgaccgtacaacctatgaatcctctgatgg

TEM-2

agtctcaccttgagtgtggt

Actgaacctgaccgtacactcctccacagcatctctta

TEM-6

acccgtgaggtcattttc

Actgaacctgaccgtacattcaaccttcccatagtcag

TEM-7

agaacgaccacatcacctt

Actgaacctgaccgtacatggagagagttggagtcaa

TEM-7R

cttgattggcagtatggagt Actgaacctgaccgtacagtctaccgccttgagaaag

TEM-8

acagggtcctctgcagctt

Actgaacctgaccgtacactttcatgccaacttgttt

Statistical analysis
Conventional RT-PCR results were analyzed by the 2 test.
Quantitative data were analyzed using Student’s t-test.

RESULTS
Expression of tumor specific endothelial markers TEMs
(TEM1-8) in colorectal cancer tissues
TEM-1, -7, -7R and -8 were found to be overexpressed in
colon cancer tissues compared to normal tissues (P = 0.01,
P = 0.04, P = 0.03 and P = 0.001, respectively). Conversely,
TEM-2 and -6 expressions were found not to be different
between tumor tissue and normal tissues (P = 0.61 and
P = 0.56) (Figure 1, Table 3).

bp
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Table 1 Primer sequences for conventional PCR

500

TEM-2

Primers

Sense primer (5’ – 3’)

Antisense primer (5’ – 3’)

500

TEM-6

TEM-1

gtggcttcgagtgttattg

gaagagctccggatatttg

TEM-2

agccatgatgaagactttgt

cttgaggtcactgttgacg

500

TEM-7

TEM-6

acccgtgacgtcattttc

tgtacttgcttcgagcatc

500

TEM-7R

TEM-7

ggagcaggtcacgatgag

gtgaaactgcccttgtctt

TEM-7R

cttgattggcagtatggagt

gagatgtacatggtcccact

500

TEM-8

TEM-8

catttcaagttgtcgtgaga

gacgcatattgttgttgaga

500

-actin

Real-time quantitative polymerase chain reaction (QPCR)
We employed the iCycler iQ system (BioRad, Camberley,
UK), to quantify the level (as copies/µL from internal
standard) of TEMs in the colorectal specimens as we have
previously reported[10,11]. All colorectal cDNA samples were
simultaneously examined for each of the TEMs (TEM-1, 2, -6, -7, -7R and -8), along with appropriate set of plasmid
standards and negative controls. Primer sets and probes
used in this technique are given in Table 2.
The detection of TEMs employed a universal probe
system (UniPrimer™) (Intergen, Oxford, England). The
UniPrimer system used two primers in conjunction with a
universal probe (UniPrimer™), which recognized a specific

Figure 1 RT-PCR analysis revealed over-expression of TEM-1, -7 and -7R
in colorectal cancer (P = 0.01, P = 0.04 and P = 0.03). TEM-8 overexpression in colorectal cancer was highly significant compared to
normal colon (P = 0.001). No significant differences exist in the expression
of TEM-2 and -6 between normal and cancer colorectal tissues.

Table 3 Expression of TEMs in colon tissues (percentage positive),
using conventional PCR
Normal tissues (%)

Tumor tissues (%)

TEM-1

38

95.5

<0.01

TEM-2

45

58.3

>0.05

TEM-6

35

56

>0.05

TEM-7

15

77.5

<0.04

TEM-7R

12.5

TEM-8

1

P

79.5

<0.03

85

<0.001

Rmali KA et al. Tumor endothelial markers in colon cancer

Levels of expression of TEMs transcripts in different Dukes
stages
We went on to analyze, quantitatively, levels of transcript
of tumor tissues in relation to Dukes staging. The number
of TEM-1 transcripts was highest in Duke B, while the
transcript copies of TEM-2 was significantly high in
Dukes A compared to Dukes C (P<0.05). The level of
expression of TEM-7 and -7R was found to be higher in
Dukes C compared to Dukes A tumors; however, the
difference was not statistically significant.TEM-8 expression
was significantly higher in Dukes C compared to Dukes A
tumors (P = 0.016) (Figure 2).

DISCUSSION
This study investigated for the first time the transcript level
of a newly identified family of TEMs in colorectal cancer
tissues and correlated that with tumor stage, using a
quantitative approach. Previously, TEMs’ (TEM-1 and -9)
expression has been found to be 10-fold higher in tumorderived endothelium compared to endothelium derived
from normal tissues[6]. These early studies have employed
qualitative and semi-qualitative approach including reverse
transcriptase polymerase chain reaction (RT-PCR) and in
situ hybridization[7].
Our study has shown that TEMs are elevated in
colorectal cancer tissues compared to normal background
tissues. Although in the current study TEM-2 and -6 are
expressed at a very high level in colorectal cancer tissues
(Table 3); they may not be clear indicators for assessing the
degree of tumor angiogenesis in colorectal cancer, since
almost over half the normal tissues screened in this study

TEM-1
Mean no.of copies
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6
4
2

35
30
25
20
15
10

0

5

Mean no.of copies

Mean no.of copies

25
20
15
10
5
0
Dukes B

Dukes C

1.5
1.0
0.5

Dukes A
80

TEM-7R

60

Dukes B

Dukes C
a

TEM-8

70

50
40
30
20
10

60
50
40
30
20
10

0
Dukes A

2.0

Dukes A Dukes B Dukes C

C

TEM-7

2.5

0.0

0
Dukes A Dukes B Dukes C

30

TEM-6

3.0

Mean no.of copies

Mean no.of copies

10

B

TEM-2

40

12

were also positive for TEM-2 and -6.
On the other hand, TEM-1, -7, -7R and -8 appeared to
be superior TEMs, since their expressions were significantly
higher, and only a tiny proportion of normal tissues were
positive. Although TEMs were initially thought to be specific
only to endothelial cells in tumor tissues[6,7], our result has
shown that certain TEMs do exist in normal colon mucosa,
notably TEM-2 and -6. This raises some doubts as to the
specificity of these markers when used in assessing tumorinduced angiogenesis. This concern was also reflected in a
recent study in other tumor types, notably breast cancer[12].
The results for TEM-8 in the current study are
interesting, as TEM-8 is almost absent in normal tissues
but there were significantly raised levels in colon cancer
tissues. The extracellular portion of TEM-8 has been shown
to contain a vWF-like A domain containing a metal ion
dependent adhesion site (MIDAS)[13,14]. Interestingly, the
vWF-like A domain of TEM-8 has also been termed as
I-domain when present within integrins and it also bears a
close resemblance to a D integrin[15,16]. vWF has been shown
to be an important endothelial marker in angiogenesis,
whereas, integrins are cell adhesion molecules, which facilitate
cell-matrix adhesion. Down-regulation in the assembly of
integrins mediates adhesion complexes that have been
shown to result in a gain in the invasive potential of a number
of cancer cell types[17] .
Our study has also shown that, TEM-8 was the only
endothelial marker to be significantly elevated in colorectal
cancer tissues with nodal involvement (Dukes C). Interestingly,
TEM-2 and -6, which have been found highly expressed in
normal colorectal tissues together with colorectal cancer,
are raised in patients who had early stage cancer (Dukes A).

Mean no.of copies

14

A

1285

0
Dukes A

Dukes B

Dukes C

Dukes A Dukes B Dukes C

Figure 2 Real-time quantitative RT-PCR. Shown in the figure are Mean copies/ng mRNA. Levels of expression of TEMs in colon tissues in
tumors with different in different Dukes stages. The number of transcripts of TEM-1 is high in Dukes A and TEM-2 higher in Dukes B tumors.
TEM-6 shows no difference in all three stages (Dukes A, B and C). Dukes C tumor expressed greatest level of TEM-8 ( a P = 0.001 vs Dukes A).
Both TEM-7 and -7R shows higher level of expression in Dukes C, however the difference is not significant (P>0.05).
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TEM-8 appears to be unique among the cell surface TEMs
in that its expression has not been detected during other
forms of physiologic angiogenesis in the adult, although
expression has been observed in endothelial cells of the
developing mouse embryo[6,7].
This, together with previous studies strongly indicates
TEM-8 as a potential marker for tumor-specific angiogenesis.
In the light of the recent success of Avastin, a humanized
monoclonal antibody against vascular endothelial growth
factor (VEGF), in prolonging the lives of patients with
metastatic colon cancer[18], it is proposed that TEM-8 may
be a particularly attractive candidate for anti-angiogenic
targeting colorectal cancer.
We conclude that levels of TEM-1, -2 and -7R are higher
in tumors invading through the muscularis propria into
subserosa, or into pericolic or perirectal tissues (Dukes A
and Dukes B). TEM-8, whose expression is associated with
both nodal involvement, and disease progression (Dukes
C), may have significance in the progression and molecular
targeting in human colorectal cancer.
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Abstract
AIM: To investigate the correlation between microvessel
density and spiral CT perfusion imaging in colorectal
carcinoma.
METHODS: Thirty-seven patients, with histologically
proven colorectal carcinoma, underwent water enema
spiral CT scan. The largest axial surface of the primary
tumor was searched on unenhanced spiral CT images. At
this level, the enhanced dynamic scan series was acquired.
Time-density curves (TDC) were created from the region
of interest drawn over the tumor, target artery by Toshiba
Xpress/SX spiral CT with perfusion functional software.
Then the perfusion was calculated. Microvessel density
(MVD) was evaluated using immunohistochemical staining
of surgical specimens with anti-CD34, and then MVD was
correlated with perfusion.
RESULTS: MVD of colorectal carcinomas was 33.11-173.44,
mean 87.28, and perfusion was 15.60-64.80 mL/min/
100 g, mean 39.74 mL/min/100 g. MVD and perfusion
were not associated with invasive depth, metastasis and
disease stage, and they all decreased with increasing
Dukes’ stage, but no significant correlation was found
between them (r = 0.18, P = 0.29).
CONCLUSION: There is no significant correlation
between MVD and perfusion. Neovascularizaton and
perfusion are highly presented in early colorectal carcinoma.
CT perfusion imaging may be more suited for assessing
tumorigenesis in colorectal carcinoma than histological
MVD technique.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Microcirculation as a result of angiogenesis plays an important
role in the growth, metastasis, detection, and treatment of
tumors. The histological microvessel density (MVD)
technique is the current gold standard to characterize tumor
angiogenesis[1] . Several studies have shown a statistically
significant correlation between MVD and invasion and
metastasis in various solid tumors such as breast, lung,
uterine cervix, and prostate. However, this relationship is
controversial in colorectal carcinoma (CRC)[1,2]. Spiral CT
(SCT) perfusion imaging has been used to assess the
microcirculatory change of tumor and to indirectly reflect
the tumor angiogenesis[3]. To our knowledge, no study has
been performed on the relationship between MVD and
SCT perfusion imaging. Therefore, the aim of the present
study is to evaluate the correlation between MVD and the
perfusion estimated from dynamic CT examination.
MATERIALS AND METHODS
Patients
A total of 37 patients with CRC (19 men, 18 women; age
range 24-87 years; mean age 54.1 years), who had undergone
colectomy at our institution, were included in this study.
Patients were selected according to the following criteria:
(1) no pre-operative treatment such as chemotherapy,
radiotherapy; (2) absence of contraindications to the
administration of contrast medium; (3) probable ability to
cooperate with the whole procedure, and (4) without severe
disease in heart, liver, lung, and kidney. The time between CT
examinations and surgery ranged from 2 to 13 d, with a mean
time of 6.4 d. All of them proved to have adenocarcinomas.
Among them, one patient had well-differentiated
adenocarcinoma, 33 patients had moderately differentiated
adenocarcinoma, and three patients had poorly differentiated
adenocarcinoma. They were staged according to Dukes’
classification. The pathologic diagnoses of CRC included
eight patients with stage A disease, 16 patients with stage B
disease, 11 patients with stage C disease, two patients with
stage D disease. The tumors located in rectum in 28 patients,
in sigmoid colon in six patients, in descending colon in one
patient, in ascending colon in two patients.
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CT perfusion imaging protocol
Before the examination began, patients were carefully
instructed in and practised the breath-holding technique to
reproduce precisely the same degree of inhalation or
exhalation for each scan series. One day before CT, all
patients received colon-cleansing preparation. Immediately
before CT, patients were positioned on the CT table, a
barium enema tube inserted into the rectum. Subsequently,
<2 000 mL lukewarm water was administered per rectum
to distend the colon. The enema was stopped whenever the
patients complained of discomfort.
Single-location dynamic scans were obtained at the
selected section with use of a Toshiba Xpress/SX spiral
CT. Based on the clinical information, the largest axial
surface of the primary tumor was searched on unenhanced
CT images. At this level, the enhanced dynamic scans were
acquired. A 50 mL intravenous bolus of a nonionic iodinated
contrast medium (iopromide, Ultravist 300; Schering, Berlin,
Germany) was administered via the antecubital vein at a
rate of 5 mL/s by using an autoinjector. Three series of
CT scans (10 scans each for the first and second series and
15 scans for the third series) were obtained beginning at 7,
40, and 76 s after injection of contrast medium. For the
first series, the scanning interval was 2 s; for the second
series, the scanning interval was 3 s; and for the third series,
the scanning interval was 6 s. Thirty-five contrast enhanced
dynamic images were obtained in each patient. CT scanning
parameters were: section thickness of 5 mm, 320×320 mm
field of view, 180 mA, 120 kV, and a 512×512 matrix.
Data analysis
Time density curves (TDC) were created from regions of
the interest drawn over the tumor, target artery (abdominal
aorta, external iliac artery, or femoral artery) by Toshiba
Xpress/SX spiral CT with perfusion functional software.
The region of interest (ROI) was placed in the maximally
enhanced area of the tumor and as large as possible to
minimize noise but with care to avert partialvolume effect.
Tumoral perfusion (PF) was calculated by applying a nuclear
medicine data processing technique to the time density data;
this technique was based on the general equation as described
by Miles et al[4]:
PF = [dC tumor/dt(max)]/[C artery(max)] ×60×100 (Unit:
mL/min/100 g).
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Where dC tumor/dt(max) is the maximum slope of TDC
as measured in the tumor, and C artery(max) is given as the
peak enhancement within a blood vessel contained in the
slice studied. The size, morphology and exact location of
tumor at the selected image were recorded.
Microvessel staining and evaluation
Histopathologic examination was performed in all patients
using pathologic specimens in the planes that correspond to
ROI of the CT imaging sections (Figure 1). Tumor tissue
specimens were fixed with 40 g/L formaldehyde and embedded
in paraffin.
The sections were incubated in an anti-CD34 monoclonal
antibody (Maxin Biotechology, Inc., Fuzhou). Criteria for
vessel counting were those established by Weidner et al [5].
Any single brown-staining endothelial cell or small clusters
of brown-staining endothelial cells, with or without a lumen,
clearly separate from adjacent microvessels, tumor cells,
and other connective tissue elements were considered as
individual vessels. Vessels of a caliber larger than approximately
eight red blood cells and vessels with a thick muscular wall
were excluded from the final count. The microvessel count
was performed in all cases by a single pathologist.
Slides were examined at low-power magnification (×40)
to identify the areas with the highest density of microvessels.
In each case, the three most vascularized areas were selected
and the three fields of the microvessels in a ×200 field of
these three areas were counted. The average counts of the
nine ×200 fields were recorded for analysis.
Statistical analysis
Data were expressed as mean±SD. The relationship between
MVD, PF and the various clinicopathological factors was
examined by Student’s t test. One-way ANOVA was used
to test the correlation among different Dukes’ stages. A
Pearson correlation coefficient test was conducted to
compare MVD with PF. All statistical analyses were
performed using SPSS statistical software. P<0.05 was
considered significant.

RESULTS
Microvessel staining
The microvessels in CRC labeled by anti-CD34 represented

B

Figure 1 Rectal carcinoma. A: Target plane of CT perfusion indicates invasive nodule (arrow) and ROI (white round region); B: Corresponding
section of specimen shows invasive nodule (five corner star) and examined area (white round region).

Li ZP et al. Tumor angiogenesis and dynamic CT in colorectal carcinoma

single endothelial cell or small clusters of endothelial cells,
with or without an irregular lumen. The size and morphology
of vessels were variable. The distribution of angiogenesis
in a tumor was uneven and heterogeneous, and the difference
of MVD between the two areas could reach 200 within the
same section (Figure 2). In some cases MVD was very low,
however, large vessels were abundant (Figure 3A).
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lymph nodal metastasis (t = 0.69, 0.62, respectively, P = 0.50,
0.43, respectively) (Table 1).
Correlation between PF and clinicopathologic factors
PF in CRC was 39.74±10.82 mL/min/100 g, ranged from
15.62 to 64.80 mL/min/100 g. There was no significant
correlation between PF and clinicopathologic factors as
tested in this study (P = 0.07, 0.15, 0.18, respectively)
(Table 1). PF tended to decrease with increasing Dukes’
stage (Figure 4).

Table 1 Correlation between clinicopathologic factors and MVD,
and PF (mL/min/100 g)
Variables

Patients

Dukes’ stage

MVD

PF

1

Stage A

8

98.89±38.76

47.33±8.49

Stage B

16

81.89±45.33

38.06±7.44

Stage C

11

87.73±38.38

36.66±14.26

Wall invasion

Figure 2 High microvessel density, stained by CD34 (magnification,
×100).

A

Through the wall

11

95.17±34.41

43.31±9.96

Within the wall

26

84.44±42.48

37.73±10.80

Lymph node metastasis

1

Negative

24

87.06±43.30

41.15±8.83

Positive

13

87.22±36.43

36.14±13.38

Stage D was excluded from analysis due to less cases.

B

Perfusion (mL/min/100 g)

60
50
40
30
20
10
0

Stage A

Stage B

Stage C

Figure 4 mean±SD for PF for each Dukes’ stage.

Figure 3 Low microvessel density with high PF. A: many large
vessels with low microvessel density (magnification, ×100); B: Perfusion image shows obvious enhancement of colon lesion with high
PF (44.4 mL/min/100 g).

Correlation between MVD and clinicopathologic factors
MVD of the 37 colorectal cancers were 87.28±41.18,
ranged from 33.11 to 173.44. No differences in MVD were
demonstrated among different stages (F = 0.40, P = 0.67).
MVD appeared to decrease with increasing Dukes’ stage.
There was no statistically significant association between
MVD and clinicopathologic factors such as invasion and

Correlation between MVD and PF
MVD was not correlated to PF (r = 0.18, P = 0.29).
Tumors with low PF (<40 mL/min/100 g) and high PF
(>40 mL/min/100 g) were compared. The MVD of the
group with high PF and that with low PF were not
significantly different (Table 2). In some cases low MVD
was associated with a high PF (Figure 3B).

Table 2 Correlation between MVD and PF (mL/min/100 g)
PF

Patients

MVD

>40

20

94.65±45.89

<40

17

77.91±33.48

T

1.21

P

0.20
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DISCUSSION
In CRC, the correlation between MVD and clinicopathologic
factors has been controversial [2,6,7]. Takebayashi et al [8]
evaluated angiogenesis in 166 colorectal carcinomas and
reported a correlation between MVD and depth of invasion
and lymph node metastasis. The studies by Bossi et al [2]
and Chen et al[7] as well as our present study did not show
any significant association. Potential explanations for such
differences included the grade of CRC examined, the
endothelial cell marker used, and field magnification under
which the vessels were counted[7]. Otherwise, the invasion
and metastatic process depended on several factors, including
angiogenesis. Recent study has shown that another
microvascular channels termed ‘vasculogenic mimicry’
existed in tumors[6]. These vascular channels were generated
by aggressive tumor cells or tumor stroma other than
endothelial cells. The panendothelial antibodies may not
demonstrate this type of neovascularization. Vasculogenic
mimicry was closely correlated with invasiveness and
metastasis of tumors. Some reports failed to show a relationship
between MVD and lymph nodal metastasis and outcome in
patients with malignant melanoma and in patients with
squamous carcinoma of the tongue. They implied that tumor
growth and spread may be facilitated by pre-existing vessels
in highly vascular organs such as tongue, liver, kidney, or
gastrointestinal tract[5]. Additional studies will be needed to
further clarify the levels of MVD in colon tumorigenesis
and tumor progression, as well as its clinical significance.
MVD was related to invasion and metastasis in several
types of carcinoma, including breast, lung and prostate, it
appeared that angiogenesis was progressively stimulated
during tumor progression[2]. White et al[9] reported that MVD
in CRC was significantly increased compared to adenomas
and normal colonic mucosa. However, MVD was not related
to Dukes’ stage and appeared to decrease slightly with
increasing Dukes’ stage, as the results of Bossi et al[2] and
our present study. These data suggested that angiogenesis
in CRC was quite different from other organ tumorigenesis
and neovascularization were highly presented in early CRC.
Angiogenesis in CRC was equally stimulated in all pathologic
disease stages. These findings implied that even small,
superficially invasive carcinomas were capable of eliciting
neovascularization of the same extent as seen in tumors
presenting with distant metastasis.
In this study, PF of CRC was not correlated with tumor
stages, invasion depth, and lymph node metastasis similar
to the reports by Chen et al [10] in gastric cancer with color
Doppler vascularity index. However, our study showed that
PF appeared to decrease with increasing Dukes’ stage, as
the same trend in MVD, but no significant correlation was
found between PF and MVD. High perfusion was presented
in early CRC. We found that MVD was not always consistent
with PF, which was also revealed in other studies [11].
Sometimes high MVD was associated with a low PF. The
reasons probably were: (1) In the process of tumorigenesis,
vascular endothelial cells may be proliferated to either
generate or not the functional vessels with lumen. However,
only the functional or perfusion vessels would be reflected
by CT perfusion imaging[12]; (2) The intratumoral interstitial
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hypertension increased with the development of the tumor
vasculature, partial or total collapse of vessels may contribute
to a low perfusion[13]. Sometimes low MVD was associated
with a high PF. The reasons probably were: (1) CD34
antibodies could not labeled all vascular endothelial cells
and therefore, MVD may be underestimated[5], (2) The size
of CD34-positive microvessels was 0.02-0.10 mm [14]
However, large vessels were abundant in some cases with
rather low MVD and were associated with high perfusion
(Figure 3); (3) ROI contained more areas with the highest
density of microvessels than examined part of tissue section
did; (4) The established arteriovenous shunts facilitated the
passage of blood from artery to venule without passage
through the microvessels[15].
The histological MVD technique may not be an ideal
tool for clinical purposes, because it is invasive, prone to
sampling errors and does not assess the functional angiogenic
activity. On the contrary, CT perfusion imaging can
dynamically reflect microcirculatory function in living
individual. It is non-invasive, and can be repeated frequently.
Some studies reported that perfusion estimated from CT
or MRI may be of value in assessing the response to
chemotherapy or radiotherapy, predicting the clinical
outcome, and differentiating diseases[3,15,16]. CT perfusion
imaging is an emerging technique with an increasing range
of applications. Further studies are required to fully
determine the clinical value of the technique in CRC.
In conclusion, there is no significant correlation between
MVD and perfusion. Neovascularizaton and perfusion are
highly presented in early CRC. CT perfusion imaging may
be more suited for assessing tumorigenesis in CRC than the
histological MVD technique.
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Abstract
AIM: To investigate the possible association between
hepatitis B virus (HBV) infection and angiographically
proven coronary artery disease (CAD) in a population with
relatively high prevalence of HBV.
METHODS: Sera from 434 patients who underwent
coronary angiography were tested for HBV antigens
(HBsAg, HBeAg) and antibodies (Anti-HBs, Anti-HBc and
Anti-HBe) by ELISA.
RESULTS: Seventy-seven percent (224/291) of the
patients with CAD and 73.4% (105/143) of the patients
without angiographic evidence of atherosclerosis were
seropositive for HBV (P>0.05). However, C-reactive
protein (CRP) levels were significantly higher in patients
with CAD (P = 0.008), while lower in HBV seropositive
population (P = 0.043 and P = 0.021 after adjustment for
conventional risk factors).
CONCLUSION: Our results suggested HBV infection
negatively correlates with CRP levels, but seems not to
be associated with coronary atherosclerosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
As one of the most prevalent infectious disease worldwide[1],
hepatitis B Virus (HBV) has been threatening the public
health of the Chinese. Researches had revealed several
abnormal immune responses in hepatitis B patients[2], which
might further contribute other complications such as liver
cirrhosis, hepatocellular carcinoma, etc., while it is still
controversial whether these HBV induced inflammation
status correlates with disease in organ other than liver.
A possible role for infections in atherogenesis has been
deeply scrutinized since the demonstration of herpes virusinduced atherosclerosis in chickens in 1978[3]; however, the
bulk of supportive evidence has been accumulated in the
past few decades[4-7]. The results of several published studies
suggested a link between infection with microorganisms such
as bacteria, Chlamydia, pneumoniae[8-10], Helicobacter pylori[11-13],
or Porphyromonas gingivalis [14,15] and with the viruses
cytomegalovirus[16-18], herpes simplex virus[19,20], or hepatitis A
virus[20,21], and an increased risk of cardiovascular and
cerebrovascular diseases. However, the atherogenic effects
of certain infective agents remain controversial [22-25].
Nevertheless, at present, assessment of possible associations
between infective agents and the risk of atheromatous
disease might be still useful for the identification of
individuals at higher risk of future cardiovascular and
cerebrovascular events.
We reasoned that HBV would be a rational candidate
pathogen among stimuli that contribute to atherosclerosis.
It shares almost all the characteristics of the infectious
agents implicated in the development of atherosclerosis.
For example, it is one of the intracellular pathogens and
can produce persistent liver disease, establish long-term,
persistent infection, which induce long-lasting effects on
host, such as persistent circulating antibodies. In a recently
published study from a health-screening test cohort, a
strong association between HBsAg carrier and carotid
atherosclerosis was reported[26]. Although the concept behind
this association seems to be plausible and attractive, an
accumulative collection of data is clearly required to confirm
the hypothesis in a different study population. The high
endemicity of HBV infection and liver disease in China
mainland made it possible for us to assess whether coronary
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atherogenesis was association of HBV serologic markers in
a population with greater prevalence of HBV.
Substantial evidence now exists indicating that
inflammation plays an important role in atherogenesis[27-30].
Accordingly, we used elevated serum levels of C-reactive
protein (CRP) as a marker of an underlying inflammatory
process and determined whether prior HBV infection was
involved in inducing chronic inflammation.
Therefore, the aim of the present investigation was to
test (1) whether the association between HBV infection and
atherosclerosis still remained in a HBV-predisposed study
population; (2) whether HBV infection was involved in
triggering and sustaining the chronic inflammation process
that had been proved to be critical in atherogenesis.

MATERIALS AND METHODS
Study subjects
A total of 434 patients of both genders were recruited at
Zhongshan Hospital (Shanghai, China). Written informed
consent was obtained from all study subjects, who approved
the collection of blood samples for scientific research.
The study cohort consisted of individuals referred for
coronary angiography because of chest pain or noninvasive
tests compatible with myocardial ischemia. We defined
a patient as having coronary stenosis if there was an
angiographic evidence of atherosclerosis; CAD with
evidence of ≥50% stenosis of ≥1 major coronary artery
by coronary angiography. Patients with myocardial
infarction within previous 6 mo, valvular heart disease or
nonatherosclerotic cardiomyopathy were excluded. Blood
samples were taken for various measurements in these
patients.
Atherosclerosis risk factors
Analyzed risk factors for atherosclerosis included age, sex,
smoking (those who had stopped smoking 20 years ago
and who were <30 years old when they stopped smoking
were considered as non-smokers), diabetes (who were
taking insulin, oral hypoglycemic agents, had previously
received such treatment, or were currently using dietary
modification to control the condition), hypercholesterolemia
(who had a serum cholesterol value >6.2 mmol/L or were
receiving cholesterol-lowering treatment), hypertension
(who had received such a diagnosis with arterial pressure
>140/90 mmHg or were being treated with antihypertensive
medications or dietary modification.), family history and
elevated CRP levels.
Laboratory testing
Serum samples obtained from all study subjects were frozen
at -70 ℃, and aliquots were thawed when needed for specific
tests. Serum antigens (HBsAg, HBeAg) and antibodies
(anti-HBs, anti-HBc, anti-HBe) for HBV were measured
by ELISA (HBV-kit, KeHua, China) according to the
manufacturer’s instructions. A quantitative ELISA was used
to determine serum CRP (CRP-kit, DSL, USA). A set of
CRP standards was used to plot a standard curve of
absorbance vs CRP concentration from which the CRP
concentrations in the unknown can be calculated.
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Statistical analysis
Categorical data were analyzed by the 2 test (Fisher’s exact
test for small samples), with all tests double-sided. Analyses
of CRP serum level in relation to HBV and other factors
were made by the unpaired t-test between different groups
as a continuous variable and further adjusted using partial
correlation investigation. Estimated Pearson correlation
value (r) was used to indicate the strength of the relationship.
The covariates considered here included age, male sex,
cigarette smoking, diabetes, hypercholesterolemia,
hypertension and family history. Results for normally
distributed continuous variables are expressed as mean±SD.

RESULTS
Study population
Four hundred and thirty four subjects were studied. Their
ages ranged from 27 to 88 years (mean 62.2±10.36 years).
There were 308 (71%) men and 291 (67.1%) with coronary
atherosclerosis. All the traditional CAD risk factors (age,
male sex, diabetes, hypertension and smoking) but
hypercholesterolemia were also proved to be associated with
the risk of CAD (Table 1). Besides, elevated CRP levels
were demonstrated significantly higher in those with CAD
compared to those without CAD (5.70±0.55 mg/L vs
3.23±0.37 mg/L, P = 0.008).

Table 1 Traditional risk factors and CAD
Frequency of factors%
Characteristics

P
CAD (n = 291) Non-CAD (n = 143)

Age (yr)

63.05±10.46

59.48±10.43

0.005

Male Sex

78.7

57.4

<0.0001

Smoking

42.6

18.9

<0.0001

Diabetes
Hypertension

19.6
72.5

7.8
57.3

0.001
0.002

Hypercholesterolemia

25.8

21.7

0.351

Family history

12.9

11.9

0.877

5.70±0.55

3.23±0.37

0.008

CRP (mg/L)

HBV seropositivity and risk factors of CAD
HBV seropositive subjects were defined as samples with
any of the five serological markers of HBV (HBsAg, antiHBs, HBeAg, anti-HBe and anti-HBc) proved to be positive.
Of all the study population, there were totally 329 (75.8%)
HBV-seropositive individuals, 22 (5.1%) positive for HBsAg,
213 (49.1%) for anti-HBs, 285 (65.7%) for anti-HBc, 2
(0.5%) for HBeAg and 93 (21.4%) for anti-HBe. Although
seropositivity (Table 2) and most of the single HBV
serological markers were not relative with any of the
traditional factors respectively, anti-HBc was negatively
associated with hypercholesterolemia (r = -0.106, P = 0.025,
OR = 0.614, 95% CI 0.401-0.941).
CRP and HBV seropositivity
Mean CRP levels were lower in HBV seropositive (4.29±0.44
mg/L) than in HBV seronegative individuals (6.60±1.04 mg/L)
(r = -0.130, P = 0.043). Individual serological markers such
as anti-HBc and anti-HBs also relate to a low level of CRP
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Table 2 Baseline characteristics of study population with or without HBV seropositivity

Table 4 HBV serological markers and CAD

Characteristics

P

HBV serum factor

HBV seropositive
(n = 329)

Non-HBV seropositive
(n = 105)

Number 9

Positive frequency of factors (%)
P
CAD

Non-CAD

Age (yr)

62.12±10.06

62.49±11.18

0.290

HbsAg

4.5

6.3

0.415

Male (%)

70.2

73.3

0.622

Anti-HBs

49.8

46.9

0.560

Smoking (%)
Diabetes (%)

32.8
14.6

40.9
15.2

0.158
0.515

HbeAg
Anti-Hbe

0.7
22.0

0
21.7

1.000
0.969

Hypertension (%)

62.3

64.8

0.812

Anti-HBc

69.4

59.4

0.066

Family history (%)

13.7

7.6

0.123

Healthy carriers1

2.8

4.9

0.270

Hypercholesterolemia (%) 21.6

22.9

0.787

Resolved HBV infection2
HBsAg (-) HBV infection3

11.7
16.8

9.1
15.4

0.474
0.700

HBV seropositive

77.0

73.4

0.417

Table 3 Association between HBV serological markers and CRP level
HBV serological
markers

Pearson
correlation (r)

P

P1

HBsAg

-0.036

0.511

0.406

Anti-HBs
HbeAg2

-0.126
0.000

0.027
1

0.029
1

Anti-HBe

-0.014

0.795

0.643

Anti-HBc

-0.115

0.049

0.032

HBV seropositive

-0.130

0.043

0.015

1

After adjustment for smoking. 2 Fisher’s exact test was used.

(Table 3). Besides smoking age, male sex and hypertension,
etc. was shown to be associated with the increased CRP
level (r = 0.108, P = 0.039) as reported previously [24].
However, the significant association between elevated CRP
levels and HBV seropositivity maintained after adjustment
for smoking (P = 0.015).
HBV seropositivity and CAD
The HBV seropositive as well as single HBV serological
marker was not significantly related with CAD (Table 4).
Other stages of infection inferred by serological test such
as healthy carriers (with HBsAg, anti-HBc and anti-HBeAg
positive) (r = -0.052, P = 0.262), resolved HBV infection
(with anti-HBs, anti-HBc and anti-HBe positive) (r = 0.037,
P = 0.421) and HBsAg-negative HBV infection (anti-HBc
positive only) (r = 0.019, P = 0.676) showed no significant
correlation with CAD either.
In addition, since the HBV seropositivity was proven to
be negatively associated with CRP level in our study
population, we further analyzed two subgroups of patients
(one with CRP levels at or below the median and the other
with CRP values above the median) to try to exclude the
influence on the association of HBV seropositivity and CAD
from its interaction with CRP levels. The estimated pearson
correlation value were 0.034 and -0.051 respectively with
both P>0.05.

DISCUSSION
So far there is still few data available to prove the association
between HBV infection and atherogenesis. Kiechl et al [31]
found no significant association between chronic hepatitis
and the development of new carotid atheromatous plaques,
although they did not specify the type of hepatitis virus.
However, another study in Japan demonstrated an increased
prevalence of carotid atherosclerosis in HBV carriers[26] .

1

Healthy carriers: HBsAg (+), anti-HBc (+) and anti-HBeAg (+). 2 Resolved
HBV infection: anti-HBs (+), anti-HBc (+) and anti-HBe (+). 3 HBsAg (-) HBV
infection: anti-HBc positive only.

Differences in study design, frequency of individuals with
chronic HBV infection, and possibly region differences
might explain the difference results of their study and ours.
Since serologic markers of HBV provide tools to follow
the natural course of the disease and hitherto, there were
no concrete evidence supporting the infection of HBV in
endothelial cells, we examined the five widely used serologic
markers instead of more sensitive HBV-DNA detection
with the hypothesis that circulating HBV-associated antigens
and antibodies might be the risk factors for atherogenesis.
In our investigation, we found no evidence to support an
association of HBV seropositivity and CAD prevalence.
Subgroups used in clinic such as healthy carriers, those
resolved HBV infection and those with HBsAg-negative
HBV infection did not show correlation to coronary stenosis
either, despite suggestive evidence from some clinical
reports[32] and plausible mechanisms[33-35].
Although HBV seropositivity failed to be relative with
CAD prevalence, one observation needed emphasis in this
study. anti-HBs, anti-HBc and HBV seropositivity were all
negatively related with elevated CRP levels, which were
independent of other risk factors for atherosclerosis (Table 3).
As CRP had been suggested as a cardiovascular risk factor,
all these results hinted a possible protective trend of HBV
on atherogenesis derived from a study in HBV high-risk
region. This tendency is quite interesting and might be
expected through several possible evidences: (1) HBV
infection is highly prevalent in China and some developing
regions compared to European countries; in contrast, the
incidence of cardiovascular diseases is remarkably higher
in Europe; (2) In general, the clinical course of chronic
HBV infection may lead to hepatic decompensation,
progression of liver disease, and the development of
cirrhosis. It was reported that liver cirrhosis appears to be
associated with a decreased risk of atherosclerosis, which
may be attributed to the reduction of some traditional risk
factors for atherosclerosis, such as high lipoprotein A and
total cholesterol[36]. It is reasonable to hypothesize that the
expression of CRP, a liver-specific protein, may also be
influenced by hepatic dysfunction during chronic HBV
infection; (3) A recent study demonstrated that there was
no relationship between HBV carrier or seropositivity and
increased pulse wave velocity, which suggested HBV

Tong DY et al. Hepatitis B virus infection and coronary atherosclerosis

infection did not seem to be able to contribute to increase
arterial stiffness. Although it was reported by Ishizaka et al[26]
that HBsAg seropositivity was a risk factor for carotid
atherosclerosis, which was not associated with CRP level,
the conclusion might be limited by the relatively low
prevalence of HBV carriers (0.9%) in that population,
compared to 5.1% seropositivity for HBsAg in this study.
There are several caveats relating to our study that must
be noted. First, the study design was cross-sectional in nature,
which cannot establish causality. It can only establish an
association. Therefore, any conclusion derived from such
study must be considered preliminary and hypothesisgenerating, rather than hypothesis-proving. Second, the
present study is relatively small in size. As a result, we may
have missed a very weak association between HBV
seropositivity and coronary stenosis. Nevertheless this study
is one of the largest studies on HBV infection and CAD to
date. Third, the individuals of control group might still be
consisted of suspected CAD who may not be representative
of other individuals without clinical features triggering the
decision to perform coronary angiography. Fourth, the
effects of reducing the CRP levels, a widely accepted
atherosclerosis risk, in HBV seropositive population, might
cover the relationship between HBV seropositivity and
coronary atherosclerosis.
In conclusion, our results indicated that there is no
statistical relationship between HBV infection and coronary
atherosclerosis. We disagree with previously reported
findings[26] that hepatitis B infection is probably an important
contributor to CAD. And the role of HBV-associated
reduction of CRP levels during the development of coronary
atherosclerosis is still a disputed issue.
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Abstract
AIM: To find a cost-effective method of preparation of
short interfering RNAs based on cloning, fermentation,
digestion and purification (CFDP) and test its feasibility to
inhibit hepatitis B virus replication in cell culture.
METHODS: We constructed an expression vector
containing T7 and tac promoter in a head-to-head orientation.
cDNA fragment of interest was cloned into this vector
between the opposing promoters. dsRNAs were expressed
with this vector in Escherichia coli, and purified by affinity
chromatography using CF 11 column. They were digested
by RNase III in a buffer containing manganese ions, then
separated on 15% non-denaturing PAGE, and the siRNAs
about 25 bp in length were recovered. siRNAs prepared
with CFDP were co-transfected with target gene expression
plasmid into human cell lines with lipofectamine 2 000 to
test their inhibition efficiency.
RESULTS: siRNAs corresponding to part of the hepatitis
B virus polymerase gene (siHBVP) prepared by CFDP
specifically and dramatically suppressed the virus protein
expression. The HBsAg expression level was reduced to
10% that of the control by co-transfection of 60 nmol/L
siHBVP in SMMC7721 cells. Dose-dependent effect on
suppression of HBsAg and HBeAg expression was observed
in HepG2 cells. The highest inhibition rate was kept at
70% during the six days after transfection of 7.5 nmol/L
siHBVP.
CONCLUSION: We show CFDP is a very promising method
to prepare therapeutic agents in anti-virus applications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
RNA interference (RNAi) is a widely conserved phenomenon
of specific gene silencing among nearly all eukaryotes[1-4].
Studies of model systems such as Caenorhabditis elegans and
Drosophila have revealed most of its mechanisms. The long
double stranded RNA (dsRNA) is processed by RNase III
enzyme Dicer into small interfering RNAs (siRNAs) about
21-23 bp in length[5]. The siRNA is then incorporated into a
multi-component RNA-induced silencing complex (RISC),
which specifically degrades the homologous mRNA[6].
Because of its high efficiency and specificity, RNAi is now
widely used to suppress gene expression. Great number of
human disease-related genes have been targeted by RNAi[7-10].
Hepatitis B virus (HBV) infection is a worldwide health
problem. Chronic HBV infection will lead to severe liver
diseases such as liver fibrosis, liver cirrhosis and hepatocellular
carcinoma[11] . Current treatments for HBV infection are
low efficient and faced with problems including the
emergence of drug resistant mutants[12,13]. Therefore novel
therapeutic strategies are urgently needed. Shlomai et al first
demonstrated that siRNAs produced intracellularly under
the control of an RNA polymerase III (Pol III) promoter
can inhibit HBV replication in cell culture[14]. Hamasaki et al
reported of the inhibition of HBV replication by synthesized
siRNAs in vitro [15] . By cotransfection of HBV replication
competent plasmids with plasmids expressing short hairpin
RNAs (shRNAs) via hydrodynamic injection, HBV replication
was effectively suppressed in the mouse liver[16]. Much more
successful preclinical studies are reported[17-22]. However,
some obstacles still need to be overcome before RNAi can
be brought into clinical use, especially the economical
problem of chemically synthesizing siRNAs. Two alternative
methods have been discovered so far. One is transcribing
long dsRNAs in vitro and digesting with Escherichia coli RNase
III or dicer[23-25], the other is digesting in vitro transcribed
single stranded RNAs with deoxyribozyme followed by
annealing[26]. Here we describe a novel and more costeffective method for siRNA preparation and its application
in inhibition of the replication of hepatitis B virus in HepG2
cells.

Key words: HBV; RNAi; RnaseIII; siRNA
Qian ZK, Xuan BQ, Min TS, Xu JF, Li L, Huang WD. Costeffective method of siRNA preparation and its application to
inhibit hepatitis B virus replication in HepG2 cells. World J

MATERIALS AND METHODS
Reagents and materials
The alkaline phosphatase expression vector pSEAP2-
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control and the enhanced green fluorescent protein
expression vector pEGFP-N2 were purchased from
CLONTECH (USA). Cloning vector pUCmT was purchased
from Shanghai SANGON (China). pET-30a and Ni-NTA
His•Bind Resin were purchased from Novagen (USA).
QIAGEN® Plasmid Midi Kit was purchased from QIAGEN
(Germany). Whatman® fibrous cellulose powder CF 11 was
purchased from Whatman (USA). Diagnostic kit for
hepatitis B Surface antigen and e antigen (ELISA) were
purchased from Shanghai SIIC KEHUA (China). RNase A
and RNase III were purchased from Ambion (USA).
Lipofectamine 2 000 was obtained from Invitrogen
Lifetechnology (USA).

representing part of alkaline phosphatase was amplified from
pSEAP2-control plasmid DNA using the following oligos:
5’-ggaattcagctgccaggatcctaaaag-3’ (EcoR I site underlined)
and 5’-agctgtcgacatgagctgcgtagcgatgtc-3’ (Sal I site
underlined). The above DNA fragments were first cloned
into pUC118 between the introduced restriction enzyme
recognition sites. The two DNA fragments were then
inserted into pET-2P between EcoR I and Sal I sites. The
obtained plasmids were named pET-HBVP and pET-AP,
respectively.
The EcoR I/Not I fragment of the pEGFP-N2 plasmid
was cloned into pET-2P at the corresponding sites and the
resulting plasmid was used to express dsRNA of GFP.

Construction of hepatitis B virus replication competent plasmid
Genomic DNA of HBV adr type was digested with BamH I
and inserted into pUCmT vector between Bgl II and BamH I
sites, and another copy of the linearized genome was inserted
into the resulting plasmid at BamH I site. The obtained
plasmid pUC-HBV2 containing duplicate HBV-DNA in
head-to-tail orientation was verified by amplification of
the HBX coding sequence using forward oligonucleotide
5’-ggaattcatggctgctaggctgtg-3’ and reverse oligonucleotide
5’-ggggtaccggcagaggtgaaaaagttg-3’.

Construction of HBsAg expression plasmid
The 451-bp DNA fragment at the 5’ end of HBV large S
coding sequence was amplified from the pUC-HBV2
plasmid DNA using oligos 5’-cgggatccatgggaggttggtcttccaaac-3’ (BamH I site underlined) and 5’-ggaatcctgatgttgtgttctc-3’. The fragment was digested with BamH I and
Xho I and inserted into pEGFP-N2 (named pEGFP-HBs5)
between Bgl II and Xho I sites. A 1.3 Kb Xho I/BamH I
fragment of pUC-HBV2 plasmid DNA was cloned into
pEGFP-HBs5 between Xho I and BamH I sites. Thus the
obtained plasmid (named pEGFP-HBS) contains the full
length of the coding sequence of large S antigen and an
additional HBVP fragment.

Construction of dsRNA expressing vectors
A 291-bp DNA fragment was amplified from pET-22b
plasmid DNA (Novagen, USA) as template. The primers
are 2p5 5’-ccgctcg agttgacaattaatcatcg gctcgtataatgtgcggccgcaagcttgtc-3’ and 2p3 5’-aagatctggcccaccc
gtgaaggtgagcccgatcccgcgaaattaatacg-3’ (Figure 1). The
amplified fragment was digested with restriction enzyme
Bgl II and Xho I and cloned into pET-22b at the corresponding
sites. The obtained plasmid (named pET-2P) was verified
by sequencing and used as dsRNA expressing vector.

Figure 1 Sequences of primer 2p5 and 2p3. The last 18 nt of 2p5
correspond to the antisense strand before Xho I site of pET-22b,
the nucleotide sequence in gray box of 2p5 correspond to the tac
promoter, and the underlined letters represent the Xho I site. The
last 21 nt of 2p3 correspond to the sense strand after the Bgl I site
of pET-22b, the nucleotide sequence in gray box of 2p3 correspond
to the T3 terminator, and the underlined letters represent the
Bgl II site.

Expression and purification of dsRNAs
The above obtained dsRNA expression vectors were
transfor med into E.co li strain BL21(DE3). T he
transformants were inoculated into LB broth supplemented
with 100 g/mL ampicillin and cultured at 37 ℃ overnight
with shaking (250 r/min). Ten milliliters of seed culture
was transferred into 1 L fresh medium and cultured at the
same condition until A600 reached 1.0 when IPTG was
added to the final concentration of 0.25 mmol/L. The
bacterial cells were cultured for another 3 h before collection
by centrifugation. Nucleic acid extraction was performed
according to the protocol of small-scale preparation of
plasmid DNA[27] with modification. The aqueous phase of
phenol/chloroform extraction was collected and 1/5 th
volume of 100% ethanol was added before loading onto
CF 11 column equilibrated with 1X STE (10 mmol/L TrisHCl, 100 mmol/L NaCl, 1 mmol/L EDTA, pH 8.0)
containing 20% ethanol. Single stranded RNA and DNA
was washed off the column with five column volumes of
1XSTE containing 18% ethanol. The dsRNA was then eluted
with 20 mL 1XSTE and precipitated by 2 volumes of 100%
ethanol. The RNA pellet was washed with 75% ethanol
once and air-dried pellet was resuspended in water. The
concentration of dsRNA preparation was measured with
absorbance at 260 nm.

A DNA fragment representing part of HBV polymerase
(designated HBVP) was amplified from plasmid pUC-HBV2
using the following oligos: 5’-ggaattcgtcttgggtatacatttgacc3’ (EcoR I site underlined) and 5’-ggggtaccagaggacaacagagttg3’ (Kpn I site underlined). A 422-bp DNA fragment

siRNA preparation
E. coli RNase III gene was amplified from the E. coli genomic
DNA with the following primers: 5’-ggaattcatgaaccccatcgtaattaatcg-3’ (EcoR I) and 5’-ggggtacctcattccagctccagttttttc3’ (Kpn I). The 681-bp DNA fragment was cloned into pET30a to obtain RNase III expressing plasmid pET-RNaseIII

17 promoter primer #69348-3
17 promoter

Bgl II

pET-22b

AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAAT
2p3
5’-aagatctggcccacccgtgaaggtgagcccgatcccgcgaaattaatacg-3’

Bgl II
Sal I Hind III

13 terminator
Eag I
Not I

Ava I*
Xho I

His*Tag

GTCGACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTG
3’-ctgttcgaacgccggcgtgtaatatgctcggctactaattaacagttgagctcgcc-5’
Xho I

pET-22b
2p5

Tac promoter
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which then transformed into BL21 (DE3). The transformed
cells were cultured at 37 ℃ in LB medium supplemented
with 25 µg/mL kanamycin and induced by 100 µmol/L
IPTG for 4 h. The cells were collected by centrifugation at
4 000 g for 10 min at 4 ℃ and resuspended in 40 mL lysis
buffer (50 mmol/L Tris-HCl, 250 mmol/L NaCl,
10 mmol/L dithiothreitol, 4 mg/mL lysozyme, pH 8.0) per
liter of original culture medium. The suspension was
incubated at 4 ℃ for an hour and further treated with
sonication. The cell debris was removed by centrifugation
at 10 000 g, 4 ℃ for 15 min, and the supernatant was loaded
onto Ni-NTA His•Bind Resin and the protein purification
was done according to manufacturer’s recommendation. The
recombinant RNase III was eluted with 20 mmol/L TrisHCl, 100 mmol/L NaCl, 150 mmol/L imidazole (pH 8.0).
The eluate was dialyzed against 50 mmol/L Tris-HCl,
50 mmol/L NaCl and 50% glycerol (pH 7.5).
For preparation of siRNAs, 100 g purified dsRNA was
digested with 100 g recombinant RNase III in 400 L
reaction mixture containing 50 mmol/L Tris-HCl,
50 mmol/L NaCl, 10 mmol/L MnCl2 and 1 mmol/L DTT
(pH 7.5) at 37 ℃ for 1 h. The reaction mixture was separated
on 15% non-denaturing polyacrylamide gel, and the siRNAs
about 25 bp in length was recovered with the method
described by Yang et al[23].
Cell culture and transfection
SMMC-7721 cells and 293T cells were maintained in RPMI
1640 medium supplemented with 100 mL/L fetal calf
serum (HYCLONE, USA), 100 g/mL streptomycin and
100 IU/mL penicillin at 37 ℃ in a humidified atmosphere
containing 50 mL/L CO2. HepG2 cells were maintained in
Dulbecco’s modified Eagle’s minimal essential medium
(DMEM) supplemented with 100 mL/L serum, 100 g/mL
streptomycin and 100 IU/mL penicillin. All cells were seeded
into 24-well plates, 24 h prior to transfection. For all
transfections, appropriate amount of plasmid DNA and
siRNA were delivered into the cells using Lipofectamine
2 000 according to the manufacturer’s instructions.
Enzyme activity assay of secreted alkaline phosphatase
Forty microliters of supernatant of culture medium was
added into 160 L enzyme assay buffer (0.1 mol/L TrisHCl, 0.1 mol/L NaCl, 1 mmol/L MgCl2, pH 9.5) containing
20 mmol/L pNPP (Sigma 104 Phosphatase substrate
number 104-100) in a 96-well microtiter plate, then incubated
at 37 ℃ for 15 min. The absorbance at 405 nm was
measured.
Measurement of HBsAg and HBeAg expression levels
HBsAg and HBeAg expression levels were measured by
Diagnostic kits for hepatitis B surface antigen and e antigen
following the instructions of the provider.

RESULTS
dsRNA production
The dsRNA expression vectors were transformed into
E.coli strain BL21 (DE3) and the dsRNA was expressed
and purified as described in materials and methods. As shown
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in Figure 2A, plasmid DNA and single stranded RNA could
be washed off with 1XSTE containing 18% ethanol. The
dsRNA was eluted with 1XSTE. The purified RNA could
be cleaved into 12-15 bp long oligonucleotides by dsRNA
processing enzyme E.coli RNase III (Figure 2B, Lane 3),
while it remained nearly intact when treated with ssRNA
preferring bovine pancreatic RNase A (Figure 2B, Lane 2).
However, trivial changing of the band pattern was detected
after RNase A treatment. Probably RNase A treatment
cleaved off the single stranded extension of the end of the
purified dsRNAs. Nonetheless, the data confirmed that the
RNAs purified here were dsRNAs. According to the
polyacrylamide gel electrophoresis, the RNAs prepared
in this manner were smaller than their corresponding
DNA insert, and several bands of different molecular
weight were detected (Figure 2B, Lanes 1 and 2). The
reason behind this phenomenon is not clear, but it is possible
that dsRNAs were immediately degraded by endogenous
RNase III to some degree. The productivity of dsRNAs
varied for genes with an average of approximately 4 mg/L
of original culture.
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2 M 3 4
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M

6 7 8

1

2

9 10 11 12 13

3

bp
250
100
32
21

Figure 2 RNAs analysis on 1% agarose gel (A) and 15% non-denaturing polyacrylamide gel (B). A: RNAs extracted from cells without
induction (Lane 1) and with induction with IPTG (Lane 2). The highlight spot represents dsRNAs. dsRNA was purified with CF 11 column as described in materials and methods. Lane 3: RNA extract
sample loaded onto CF 11 column; lane 4: flow through; lane 5-10:
wash-off with STE containing 18% ethanol (mostly plasmid DNA and
single stranded RNA); Lane 11-13: eluate with STE; M: 1 Kb DNA
ladder as Marker; B: Digestion analysis of purified dsRNA with RNase
A or RNase III. Lane 1: 1 g undigested purified dsRNA; lane 2:
digestion with 0.1 g RNase A for an hour at 37 ℃; lane 3: digestion
with 1 U recombinant E. coli RNase III (Ambion) for an hour at 37 ℃;
M: DNA marker. The length of marker is indicated on the left.

Preparation of recombinant RNase III and siRNAs
In order to prepare siRNAs, we first produced and purified
recombinant E. coli RNase III as described in materials and
methods. As shown in Figure 3A, high expression level was
obtained and the recombinant RNase III can be purified
by a single step affinity chromatography with Ni-NTA

1300

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

His•Bind resin. E.coli RNase III is a dsRNA specific
endonuclease, known to digest long dsRNAs into short
fragments about 12-15 bp in length, which are too small to
trigger RNAi. However, when magnesium ions were
replaced with manganese ions, dsRNAs could be processed
by RNase III into about 25 bp long oligonucleotides
(Figure 4A), which were purified from polyacrylamide gel
as described by Yang et al[23] and considered as siRNAs for
further use.
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Inhibition of GFP expression in SMMC7721 cells
In order to test whether the siRNAs prepared with CFDP
can be used to induce RNA interference in mammalian
cells, we prepared siRNAs corresponding to GFP coding
sequence (siGFP) and SEAP coding sequence (siAP).
siRNAs were co-transfected into SMMC7721 cells with
pEGFP-N2 plasmid. As shown in Figure 5A, co-transfection
of siGFP remarkably reduced the GFP expression level
from pEGFP-N2 (Figure 5B, E), while co-transfection of
siAP did not (Figure 5C, F). Similar result was obtained
with the 293T cells (data not shown). The result proved
siRNAs prepared with CFDP can dramatically and
specifically inhibit homologous gene expression.

Ku

Inhibition of HBsAg expression in SMMC7721 cells
We then tested the feasibility of inhibition of HBsAg
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Figure 3 Expression and purification of recombinant E. coli RNase
III. A: E. coli RNase III was expressed as an N-terminal His-tagged
fusion protein in E. coli strain BL21(DE3). Lane 1: negative control;
lanes 2-4 represent 3 individual clones induced with IPTG; B: The
recombinant protein extract (Lane 1) was purified by a single step
affinity chromatography with the Ni-NTA His•Bind Resin (Lane 2).
Molecular weight of marker proteins is indicated nearby.

A

M

B

Figure 4 Processing of long dsRNAs into siRNAs with recombinant
E. coli RNase III. A: 1, 3 and 5 g dsRNAs (Lanes 2-4) were digested
with 1 µg RNase III at 37 ℃ for 1 h in 10 µL reaction mixture containing 50 mmol/l Tris–HCl, 50 mmol/L NaCl, 10 mmol/L MnCl2 and
1 mmol/L DTT (pH 7.5). The siRNA-like products were indicated by
an arrow on the right. Lane 1: undigested dsRNAs; B: The siRNAs
were recovered from the gel (Lane 2).
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Figure 5 Specific inhibition of GFP expression in SMMC7721 cells. 0.4 g pEGFP-N2 plasmid DNA were co-transfected with 0.4 g pSEAP2control plasmid DNA (A, D) or 0.4 g siGFP (B, E), or 0.4 g siAP (C, F) into the SMMC7721 cells in a 24-well plate. Cells were photographed
48 h post transfection. 0.4 g pSEAP2-control plasmid was added in control group to ensure that transfection parameters remain the same.
The total amount of nucleic acids was 0.8 g for each group and the package efficiency of siRNAs and plasmid DNAs with lipofectamine 2 000
was assumed to be equal. The fluorescent and bright-field pictures (D–F) show that the cell density was the same for all groups. Three
independent experiments were performed, and one typical picture was shown.
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Figure 6 Inhibition of HBsAg expression in SMMC7721 cells. SMMC7721 cells were co-transfected with 0.4 g siHBVP and 0.4 g pEGFP-HBS
(HBS+siHBVP) or 0.4 g pSEAP2-control (SEAP+siHBVP). As control cells were transfected with 0.4 g siAP and 0.4 g pEGFP-HBS (HBS+siAP)
or 0.4 g pSEAP2-control (SEAP+siAP). The positive control group was co-transfected with 0.4 g pEGFP-HBS and 0.4 g pSEAP2-control
(SEAP+HBS). 48 h post transfection. The supernatants were collected for measuring expression level of secreted alkaline phosphatase, and
the cells were lysed with RIPA Buffer for measuring HBsAg expression. A: shows the SEAP and HBsAg expression level represented by OD
values; B, C: show the HBsAg or SEAP expression level relative to the positive control. Values represent averages of three independent
experiments, with the error bars indicating the standard deviation.
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Figure 7 Dose dependent inhibition of HBsAg expression in HepG2 cells. 0, 5, 15 or 50 ng siHBVP was co-transfected with 0.35 g pUC-HBV2
and 0.35 g pSEAP2-control into HepG2 cells. The supernatant of culture media were removed every 24 h and fresh media were added. The
HBsAg and alkaline phosphatase secreted into the culture media were measured. A and C show the HBsAg or SEAP expression level
represented by OD values. B shows the HBsAg expression level relative to the positive control. Values represent averages of three
independent experiments, with the error bars indicating the standard deviation.

expression in SMMC7721 cells, a human liver cancer cell
line known to possess high transfection efficiency. siRNAs
corresponding to part of HBV polymerase coding sequence
(siHBVP) were prepared. As shown in Figure 6, siHBVP
specifically inhibited the HBsAg expression but did not
inhibit SEAP expression, while siAP specifically inhibited
SEAP expression with a little reduction of HBsAg expression.
The HBsAg expression was reduced to 10% of the control
when co-transfected with 0.4 g siHBVP (Figure 6C). The
final concentration of the siRNAs was about 60 nmol/L.
Remarkable inhibition rate was obtained at low siRNA
concentration.
Inhibition of HBsAg and HBeAg expression in HepG2 cells
The dose-dependent effect of siHBVP was further tested
in HepG2 cells. Much lower siHBVP concentration was
used to observe the dose-dependent effect. 0, 5, 15 or 50 ng
siHBVP was co-transfected with 0.35 g pUC-HBV2 and
0.35 g pSEAP2-Control into HepG2 cells. The culture
media were collected every 24 h and fresh media were
added. The expression level of HBsAg, HBeAg and alkaline
phosphatase secreted into the culture media were measured.
As shown in Figure 7, HBsAg expression was inhibited by

siHBVP, and a dose-dependent effect was clearly detected
(Figure 7B). At the same time, the expression of control
gene (SEAP) was not inhibited (Figure 7C). The inhibition
rate remained at the same level during 6 d after transfection,
although the expression level was changed (Figure 7A). A
dose-dependent inhibition of HBeAg expression was also
detected (Data not shown).

DISCUSSION
Because of its high efficiency and specificity, great efforts
have been devoted to applying RNAi to disease treatment,
especially in cancer therapy and anti-virus infection[28-31] .
Although successes have been made in cell culture and animal
studies, there are still many obstacles to be overcome. Only
synthesized siRNAs or siRNAs produced by in vitro
transcription and subsequent enzymatic digestion have been
used in mammalian cell systems so far. In this paper, we
describe a novel cost-effective siRNA preparation method.
We showed that dsRNAs can be easily prepared by fermentation
in E.coli and purified by affinity chromatography. We also
show dsRNAs produced this way can be easily processed
into siRNA-like products by recombinant E.coli RNase III,
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which can remarkably and specifically inhibit the expression
of target gene in mammalian cells. HBsAg expression level
was reduced to 10% in SMMC7721 cells when 60 nmol/L
of siHBVP was used. Its efficiency and specificity are
comparable to that of siRNAs prepared by other methods.
A dose-dependent inhibition effect was detected in HepG2
cells co-transfected with HBV replication competent plasmid
and different amount of siHBVP. The HBsAg secretion
was inhibited by 70% when 7.5 nmol/L siHBVP was used.
Its inhibition effect remained at least 6 d after transfection.
The lower inhibition rate in HepG2 cells (70% compared
with 90% obtained in SMMC7721 cells) was because of
the lower siRNA concentration used in HepG2 cells. There
are two reasons for the use of siRNA of lower concentration.
One is that the dose-dependent effect can only be observed
at lower siRNA concentrations, the other is that the
transfection parameters (N/P) can be kept the same for
different groups only when lower siRNA concentration is
used, which is critical in keeping transfection efficiency as
the same. One possible problem is that the siRNAs prepared
by this method is a mixture of heterogeneous sequences,
which may increase the risk of off-target gene suppression
caused by sequence similarity. However, we did not observe
severe off-target gene suppression. In fact, the sequence
diversity of the siRNA mixture may be helpful to overcome
the problem of drug resistance caused by the rapid mutation
of virus genome. In conclusion, the novel siRNA preparation
method makes it possible to produce siRNAs on a large
scale at a relatively low cost, and the method will find
applications in anti-virus research and therapy.
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Abstract
AIM: To identify potential diagnostic target genes in early
reperfusion periods following warm liver ischemia before
irreversible liver damage occurs.
METHODS: We used two strategies (SSH suppression
subtractive hybridization and hybridization of cDNA arrays)
to determine early changes in gene expression profiles in
a rat model of partial WI/R, comparing postischemic and
adjacent nonischemic liver lobes. Differential gene
expression was verified (WI/R; 1 h/2 h) and analyzed in
more detail after warm ischemia (1 h) in a reperfusion
time kinetics (0, 1, 2 and 6 h) and compared to untreated
livers by Northern blot hybridizations. Protein expression was
examined on Western blots and by immunohistochemistry
for four differentially expressed target genes (Hsp70,
Hsp27, Gadd45a and IL-1rI).
RESULTS: Thirty-two individual WI/R target genes
showing altered RNA levels after confirmation by Northern
blot analyzes were identified. Among them, six functionally
uncharacteristic expressed sequences and 26 known
genes (12 induced in postischemic liver lobes, 14 with
higher transcriptional expression in adjacent nonischemic
liver lobes). Functional categories of the verified marker
genes indicate on the one hand cellular stress and tissue
damage but otherwise activation of protective cellular
reactions (AP-1 transcription factors, apoptosis related
genes, heat shock genes). In order to assign the
transcriptional status to the biological relevant protein level
we demonstrated that Hsp70, Hsp27, Gadd45a and IL-1rI
were clearly up-regulated comparing postischemic and
untreated rat livers, suggesting their involvement in the
WI/R context.
CONCLUSION: This study unveils a WI/R response gene

set that will help to explore molecular pathways involved
in the tissue damage after WI/R. In addition, these genes
especially Hsp70 and Gadd45a might represent promising
new candidates indicating WI/R liver damage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Prolonged warm ischemia followed by reperfusion is a main
determinant of hepatic injury in patients undergoing
hemorrhagic shock[1], late sepsis[2], trauma[3], liver resection
or transplantation[4]. While cold storage that appears to cause
injury mainly to sinusoidal endothelial cells[5], WI/R has
damaging effects on both, hepatocytes and endothelial
cells[6]. Liver damage initiated by transient warm ischemia
and aggravated during reperfusion occurs in a biphasic
pattern[4,7,8]. In the acute phase (<6 h post ischemia) activated
Kupffer cells release reactive oxygen species (ROS) and
proinflammatory cytokines. These mediators initiate a
complex network of intercellular signalling between
endothelial and parenchymal cells[4,9] resulting in platelet and
neutrophil recruitment [4,8]. Sinusoidal microcirculation is
disturbed due to endothelin-induced into cell contraction
and endothelial cell swelling[10]. The subacute reperfusion
phase (6-24 h) is characterized by an immense influx of
neutrophils, which infiltrate into the liver parenchyma
after selectin and immunoglobulin-mediated endothelial
adhesion [4,8,11]. Activated neutrophils cause hepatocyte
damage by superoxide, ROS[7] and protease[12] release and
also via receptor/ligand mediated cell-cell contacts[8]. In
addition, ROS can inactivate endogenous protease inhibitors
facilitating protease-mediated hepatocyte injury [13] .
Consequently irreversible tissue injuries including
microcirculatory disturbance[14], sinusoidal cell loss[15] and
hepatic cell death[16] may result from WI/R, finally leading to
liver dysfunction or failure.
Although much work has been done on certain
components, taking part in WI/R liver damage, the exact
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interactions of mediators and signal transduction in the
involved cells remain unclear. One possible way to resolve
this complex network is to compare entire gene expression
profiles of liver tissues shortly after WI/R before irreversible
liver damage occurs and not affecting specimens in the acute
reperfusion phase. Apart from general insights into the
involved mechanisms, identification of new marker genes
with differential screening methods an improve the
diagnosis of early WI/R injury and may influence
therapeutic strategies. In order to identify such genes, two
different methods were used in the present study (SSH and
screening of cDNA-arrays) to determine differentially
expressed genes in an autologous system of partial rat liver
WI/R (1 h/2 h).
Complementary DNA arrays provide a powerful tool
to compare gene expression patterns, since many known genes
or sequences can be examined in a single experiment[17]. In
contrast, the polymerase chain reaction (PCR) based method
SSH[18] is a useful technique to compare two entire poly(A)
+
RNA populations and allows the identification of previously
unknown genes. Fragments of digested cDNA, are
compared by one round of subtractive hybridization with
high subtraction efficiency and normalized representation
of abundant or rare, differentially expressed genes. In the
subsequent suppression PCR, only differentially expressed
sequences are amplified exponentially, while suppression of
equally expressed sequences occurs[18].
In the present study, the SSH technique and the
hybridization of ‘Atlas Arrays’ (Clontech) were chosen to
compare the transcriptional pattern of postischemic liver
lobes and adjacent nonischemic liver tissues after 1 h partial
ischemia and 2 h reperfusion. After initial screening and
validation on Northern blots, 32 differentially expressed
genes were identified. Beside genes with known physiological
function, six functionally uncharacteristic sequences were
identified via SSH, providing a novel source for marker
genes indicating WI/R liver damage. Expression profiles
of all verified genes were established in detail, comparing
healthy rat livers to WI/R-injured tissues in reperfusion time
kinetics. Protein expression was investigated for four targets
(Hsp70, Hsp27, Gadd45a and IL-1-RI) to correlate the
transcriptional status to the protein level.
For the first time, SSH and Atlas array techniques were
used in this standard in vivo model of WI/R to identify and
verify differentially expressed genes after WI/R that
represent potential candidates for the early detection of
WI/R liver damage.

MATERIALS AND METHODS
Animals and model of WI/R
Rats were housed in two to three per cage with access to
water and standard pellet food. The night before surgery,
animals were fasted but received water ad libitum. After
induction of anaesthesia (Ketamine 10 mg/kg IM and
Phenobarbital 18 mg/kg IP), a median laparotomy was
performed and the left liver lobe was mobilized. In all
animals, warm ischemia of 1 h was induced in the left liver
lobe by placing a hemoclip across the pedicle, followed by
reperfusion periods of 0, 1, 2 or 6 h. Left and right liver
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lobes were extracted, snap frozen and stored at -80 ℃.
Additionally healthy rat livers were explanted directly after
laparotomy. During the surgical procedure, body
temperature was monitored and maintained at 36.8-37.2 ℃
using heating pads.
Experiments were approved by the Committee of
Animal Care, Regierungspräsidium Karlsruhe, Germany,
and performed in accordance to German legislation on
protection of animals.
Aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) levels
To define the hepatocellular injury, AST and ALT serum
levels were measured using routine tests (ADVIA 120,
Bayer, Leverkusen).
Liver histology
Formalin-fixed and paraffin-embedded liver sections were
stained with hematoxylin and eosin (HE) for conventional
morphological evaluation.
RNA isolation
RNA was extracted from 40 mg of snap frozen specimens.
Twenty micrometers of cryosections were homogenized
using QIAshredder columns (Qiagen, Hilden, Germany)
and total RNA was isolated with the Rneasy Mini kit
(Qiagen). To enrich poly(A)+RNA, we used the OligotexDirect mRNA kit (Qiagen). RNA quantification was
performed spectrophotometrically and RNA integrity was
examined by agarose gel electrophoresis.
SSH experiments
SSH was performed as described[18] using reagents supplied
with the PCR Select cDNA Subtraction kit (Clontech,
Heidelberg, Germany). We used 2.5 g poly(A) +RNA of
the postischemic lobe from one rat liver after partial WI/R
(1 h/2 h) and 2.5 g poly(A) + RNA derived from the
corresponding nonischemic liver lobe of the same animal
for forward and reverse SSH experiments. PCR products
from both SSH experiments were directly cloned into
pCR2.1TOPO vector and TOP10F’ cells (Invitrogen,
Groningen, Netherlands).
First and second screening of SSH clones on reverse Dot and
Southern blots
SSH clone inserts were amplified from LB-Kanamycin
overnight cultures, using the nested adapter-1 and -2R
primers (PCR Select cDNA kit, Table 1), flanking each
candidate cDNA after subtraction, as described[18]. In the
first screening, PCR products (200 ng/dot) were passed to
two identical sets of nylon membranes (GeneScreen, Perkin
Elmer Biosystems, Weiterstadt, Germany). In the Southern
blot differential approach PCR products were sizefractionated on duplicate agarose gels, including a RT-PCRamplified  -Actin fragment as positive control on each gel
(Table 1), and transferred to nylon membranes (GeneScreen).
In the first differential screening, complex probes were
synthesized from 0.5 µg postischemic and the corresponding
nonischemic liver lobe poly (A)+RNA of the SSH starting
material using the SMART PCR cDNA Synthesis kit properly
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Table 1 PCR primers and annealing temperatures used for target amplification and labelling ([-32P]-dCTP)
Description

Accession
number

Primer sequence (5’→ 3’)

Adapter-1

TCGAGCGGCCGCCCGGGCAGGT

Adapter-2R
-Actin forward

V01217

AGCGTGGTCGCGGCCGACGT
2161-ATGTTTGAGACCTTCAACAC-2180

-Actin reverse

V01217

2743-AACGTCACACTTCATGATGG-2724

Fos forward

XM_234422

Fos reverse
Jun forward

XM_234422
NM_021835

Jun reverse

NM_021835

885-GGGTTGAAGTTGCTGAGGTTGG-864

Size1 (bp)

Annealing
temperature (℃)
68

483

56

695-TGGTGAAGACCATGTCAGGCG-715

404

60

1098-ATTGAGAAGAGGCAGGGTGAAGG-1076
367-GGAAACGACCTTCTACGACGATG-389

519

60

Jund forward

NM_138875

465-AGTACGCAGTTCCTCTACCCTAA-487

413

58

Jund reverse
Hsp27 forward

NM_138875
M86389

877-ATGTCGATGGGCGACAGTGGA-857
157-GTTTCCCGATGAGTGGTCTCAGT-179

378

63

Hsp27 reverse

M86389

534-TCAGGGGACAGGGAAGAGGACAC-512

Hsp60 forward

X54793

913-CCAGGGTTTGGGGACAACAGG-933

380

59

Hsp60 reverse
Hsp70 forward

X54793
L16764

1293-TCTTGTAGCATTGAGAGCATCTG-1271
2129-GGCTAGAGACAGACTCTTGATGG-2151

276

58

Hsp70 reverse

L16764

2404-CTCAGTTTGTAGGGATGCAAGG-2383

Gadd45a forward

L32591

51-GAAGATCGAAAGGATGGACACGG-73

307

63

Gadd45a reverse
Ldlr forward

L32591
X13722

357-GCTCTCAGCGGGGCTCTTGTC-337
1337-CTGTGGGTTCCATAGGGTTTCTG-1359

561

60

Ldlr reverse

X13722

1897-GTTTGGAATCAACCCAATAGAGG-1875

(Clontech). A purification step using the High Pure PCR
Purification kit (Roche, Mannheim, Germany) was included
before random [- 32P]-dCTP (Amersham Pharmacia
Biotech, Freiburg, Germany) labeling with 300 ng of the
respective cDNAs and HexaLabel DNA Labeling kit (MBI
Fermentas, St. Leon-Rot, Germany). For the second
screening, we performed complex probes with 400 g total
RNA of four pooled nonischemic and 400 g total RNA
of the four pooled, matched postischemic lobes after partial
WI/R (1 h/2 h). Each lobe was represented in equal
amounts. RNA-pools were subjected to desoxyribonuclease-I
digestion (DNAseI Amp Grade, Invitrogen) before
purification of poly(A)+RNA. Linear [-32P]-dCTP labeling
occurred during reverse transcription (Superscript-II,
Invitrogen) using 0.5 g poly(A)+RNA of each RNA-pool
as template. Non incorporated nucleotides and primers were
separated by NICK Columns (Amersham Pharmacia
Biotech).
Equal amounts of [-32P]-dCTP labeled probes, (1×106
counts/min/mL hybridization solution) were used for
hybridization. Membranes were pre-hybridized for 2 h and
hybridized for 18 h at 65 ℃ with heat denatured probes
and washed under stringent conditions as described[19]. Filters
were exposed with intensifying screens to BioMax MS-1
x-ray films (Kodak).
Northern blot analysis
For Northern blot synthesis 3 g total RNA was transferred
after agarose gel electrophoresis to N+-Hybond membranes
(Amersham). Plasmid DNA of SSH clones was prepared
from 3 mL LB-Kanamycin overnight cultures using
Quantum Prep Plasmid Miniprep kit (Bio-Rad Laboratories,
Munich, Germany) for probe generation. Plasmid DNAs
(100 ng) were [-32 P]-dCTP labeled by PCR using Taqpolymerase, Mix-C (dATP, dGTP, dTTP, 0.2 mmol/L
each), dCTP (0.006 mmol/L), [-32P]-dCTP (0.8 µCi/µL),
sense and antisense primers (Table 1, 0.5 µmol/L each).

Adapter-1 and adapter-2R primers were used to label
insert DNAs of the chosen SSH clones. Non incorporated
[-32P]-dCTP was removed with High Pure PCR Purification
kit columns (Roche). Hybridization procedures as above.
Sequencing analysis
PCR fragments were sequenced with an ABI Prism Big
Dye Terminator Cycle Sequencing kit (P/N4303151, Perkin
Elmer) and the nested-PCR-primer-1 (Table 1) which binds
to adaptor-1 flanking the amplified SSH-fragments, or gene
specific primers (Table 1). Sequencing reactions were analyzed
on an ABI Prism 310 Genetic Analyzer (Perkin Elmer).
The obtained sequences were compared to DNA
databases at the National Center for Biotechnology
Information (NCBI) on the BLASTN server (http://www.
ncbi.nlm.nih.gov/gorf/bl2.html).
Complementary DNA ‘Atlas Array’ analysis
Two ‘Atlas Arrays’ (Atlas Rat cDNA Expression Array
#7738-1; Clontech) were hybridized with complex probes
generated from 1 µg desoxyribonuclease-I digested poly
(A)+RNA preparations as described in the kit manual. Rat
RT-PCR-amplified fragments (Table 1) of the resulting
candidate genes were cloned in pCR2.1 vector and TOP10’
cells (Invitrogen). Target identity was confirmed after
sequencing (see above).
Western blot analysis
Rat liver cryosections (40 mg) were homogenized in twofold loading buffer according to the Laemmli system[20] and
subjected to SDS polyacrylamide gel electrophoresis.
Proteins were transferred on Immobilon-P membranes
(Millipore, Eschborn, Germany), blocked in 50 g/L nonfat milk powder and incubated overnight (4 ℃) with the
following primary antibodies: anti-Hsp70 (1:1 000, sc-24,
Santa Cruz Biotechnologies, Heidelberg, Germany) antiHsp27 (1:2 000, SPA-810, Stressgen, Victoria, Canada), anti-
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Gadd45a (1:1 000, sc-792, Santa Cruz), anti-IL-1RI (1:1 000,
sc-689, Santa Cruz) or anti-actin- (#69100, ICN Biomedicals,
Eschwege, Germany). Subsequent to washing procedures,
filters were incubated for 1 h (25 ℃) with horseradish
peroxidase-coupled anti-rabbit-IgG or anti-mouse-IgG
(W4011; Promega, Mannheim; 315-035-003, Dianova,
Hamburg, Germany; 1:10 000 each). Signals were visualized
by enhanced chemiluminescence (ECL detection kit,
Amersham) and exposure to ECL hyperfilms (Amersham).

Statistical analysis
AST and ALT levels as well as densitometric results of
analyzed Northern blot hybridizations are expressed in
mean±SE.

RESULTS
Liver histology and dysfunction after partial warm ischemia/
reperfusion
In order to define the reperfusion time point at which
liver dysfunction is initiated but morphologically not yet
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detectable, animals were subjected to 1 h warm ischemia
and 2 or 6 h reperfusion (n = 5 per group). Serum aspartate
aminotransferase or alanine aminotransferase (AST/ALT)
levels were measured and compared to liver enzymes in
sera of five untreated animals to assess general liver
dysfunction. AST and ALT levels were increased in both
experimental groups with higher levels after 6 h reperfusion
as compared to healthy animals (Figure 1A). For Northern
and Western blot experiments, an additional liver series after
1 h partial ischemia and 0, 1, 2 or 6 h of reperfusion was
prepared. To monitor liver damage, serum AST and ALT
concentrations were determined before and after WI/R. AST
levels were in a normal range before WI/R and in untreated
rat livers (AST: 27.8±4.8 u/L; ALT: 23.6±5.7 u/L) but
increased in all postischemic specimens, indicating strongest
organ damage 6 h post ischemia (AST: 660 u/L; ALT:
840 u/L) (Figure 1B).
To include WI/R relevant histopathological changes in
the postischemic liver tissues HE stained sections were
examined for all rat livers. In untreated rats, almost normal
liver architecture was observed in histology (Figure 2A). A
low number of infiltrated cells were noticed 2 and 6 h post
ischemia. Comparing untreated specimens to rat liver lobes
after 1 h warm ischemia and 2 h reperfusion, no irreversible
liver damage could be detected morphologically (Figure 2B).
Vacuolation of hepatocytes and a few single pyknotic or
single necrotic cells were restricted to the reperfusion time
point 6 h post ischemia representing reversible and irreversible
liver destructions, respectively (Figure 2C). However, only
mild signs of liver damage were observed, no large necrotic
areas could be detected in any analyzed tissue section.

Hsp70 and Gadd45a immunohistochemistry
The LSAB rat kit (DakoCytomation, Hamburg, Germany)
was used to stain paraffin embedded liver sections.
Immunohistochemistry with cryoconserved tissues was
performed with the universal Vectastain Elite ABC kit (Vector,
Burlingame, USA). Both procedures were performed
according to manufacturer’s instructions. Anti-Hsp70
(1:1 000, sc-24, Santa Cruz) and anti-Gadd45a (1:200,
sc-792, Santa Cruz) were utilized as primary antibodies.

A
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Figure 1 Serum AST/ALT levels after WI/R compared to untreated animals. A: AST/ ALT levels in untreated (U) animals and rats subjected
to 1 h warm ischemia and 2 or 6 h reperfusion (2, 6 h) indicating strongest liver damage after 6 h reperfusion (n = 5 per experimental
group); B: Serum AST/ALT levels in untreated animals (U; n = 3) and rat livers of the additionally prepared reperfusion time kinetics (1 h
ischemia, 0, 1, 2, 6 h reperfusion; n = 1/time point). Liver enzymes were measured immediately after laparotomy (white bars) and after WI/R
(black bars).
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Figure 2 Liver histology after WI/R compared to untreated animals. HE stained sections of untreated rat livers and after WI/R. Almost
normal liver architecture in untreated animals (A) and after 2 h reperfusion (B). Vacuolation and hepatocyte swelling after 6 h reperfusion (C).

For the identification of differentially expressed genes
via SSH and cDNA array hybridizations, 1 h warm ischemia
and 2 h reperfusion was chosen as experimental setting.
Identification of differentially expressed genes in postischemic
vs nonischemic liver lobes after WI/R via SSH technology
To compare transcriptional profiles of postischemic (I-lobe)
and the adjacent nonischemic liver tissue (C-lobe), two SSH
experiments were performed with poly(A)+RNA of one
animal subjected to partial liver WI/R (1 h/2 h). A total
number of 1 565 candidate clones were obtained, among
them 809 clones from forward (I-lobe enriched transcripts)
and 756 clones from reverse subtraction (C-lobe enriched
transcripts). Differential dot blot screening of all 1 565
candidate clones was performed using complex probes
generated from the same poly(A)+RNA sources, that were
used as starting material for SSH experiments.
A total number of 163 clones (10.4%) showed significantly
different hybridization signal intensities between the two
complex probes. Sequencing analysis revealed that these
163 clones were derived from 89 individual target genes.
Of these, 28 genes up-regulated in the examined I-lobe and
61 genes up-regulated in the corresponding C-lobe were
subjected to a second screening on reverse Southern blots
with complex probes derived from pooled poly(A) +RNA
of four I-lobes and pooled poly(A) +RNA of the four
matched C-lobes after WI/R (1 h/2 h).  -Actin RT-PCR
fragments were chosen as positive controls on each blot.
Figure 3A shows representative examples of the differential
screening approaches. To monitor transcriptional
differences, hybridization volumes were normalized to the
-Actin signal of the individual blots, before we originated
the ratios of pool-C vs pool-I hybridized signals. Figure 3C
summarizes signal differences after densitometric
measurements of the 89 analyzed genes. Gene selection
for further analysis could be subdivided into seven genes
with higher relative cDNA amounts in the pooled I-lobes
(pool-C/pool-I ≤0.5), 20 clones showing higher
transcriptional level in pool-C (pool-C/pool-I ≥2) and five
noninformative candidates.
Identification of genes, differentially expressed in C- vs I-lobes
after WI/R with ‘Atlas Array’ hybridizations
Two Clontech ‘Atlas Arrays’, consisting of spotted cDNAs
corresponding to 588 functionally known genes, were
hybridized with pooled cDNA of matched postischemic

and nonischemic rat liver lobes. We started with 1 µg poly
(A)+RNA pools of the four rat livers used for the secondary
SSH screening after WI/R (1 h/2 h). A comparison of
signal intensities after normalization against  /-Actin and
the gene coding for the ribosomal protein S29 revealed 17
genes up-regulated in the I-lobe pool and 13 genes upregulated in the C-lobe pool. To compensate the low number
of I-lobe enriched targets, resulting from the SSH screening,
ten up-regulated and three down-regulated candidate genes
(in the I-lobes) were selected for further investigation.
Figure 3D shows the hybridization result of the two ‘Atlas
Arrays’ after 4 h exposition.
Verification of differential transcriptional expression of SSH
and ‘Atlas Array’ derived target genes
After the long run of screening procedures, we further
analyzed 42 candidate genes obtained from SSH and ‘Atlas
Array’ experiments (including three genes identified with
both methods) by Northern blot hybridizations. Gene
expression was analyzed with RNA of up to four paired
C- and I-lobes, extracted after partial WI/R (1 h/2 h).
In total, 32 genes (76.2%) showed a reproducible
differential expression pattern (for ≥3 matched pairs).
Fourteen genes were up-regulated in the I-lobes while 18
genes showed higher expression in the corresponding Clobes. Mean fold increase of the paired lobes ranged from
1.4 to 74.3. Figure 4 shows the hybridization results for all
32 differentially expressed genes for two postischemic and
the two matched nonischemic liver lobes. Table 2 gives an
overview of the differentially expressed genes including
official gene name abbreviations and densitometric results
of the analyzed Northern blots. The differentially expressed
genes can be divided into seven groups, according to their
physiological functions of their encoded proteins (Table 2).
They include genes that are involved in cellular stress
response, DNA damage and apoptosis, genes coding for
transcription factors of the AP-1 family, genes coding for
immune response proteins as well as acute phase proteins
and proteins involved in cellular metabolism. The last
category comprises expressed but functionally not
characterized sequences.
Transcriptional expression profiling between untreated and
postischemic rat livers in a reperfusion time kinetic
To establish more comprehensive gene expression profiles
of the 32 identified targets after partial ischemia we analyzed
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Figure 3 Second screening of SSH-clones and ‘Atlas Arrays’. Two identical sets of Southern blots and two Atlas-Arrays were hybridized with
complex probes of four pooled C-lobes or matched I-lobes after partial WI/R (1 h/2 h). A: Typical results of two corresponding Southern blots.
The upper membranes were screened with the C-lobe probe (pool-C) and the lower membranes show the result after hybridization with the
I-lobe probe (pool-I) pool-C/pool-I ratios of signal intensities after densitometry: 0.4 (1, 4), 1.1 (2, 3), 0.2 (5), 2.0 (6), 2.6 (7), 2.8 (8), 2.2 (9), 7.0
(10). -Actin-positive controls ( 150 ng/lane, 2200 ng/lane); B: Ethidium bromide-stained agarose gels before blotting; C: Distribution of poolC/pool-I ratios of all 89 analyzed genes; D: Exemplary hybridization results of the two cDNA arrays after 4 h exposition. Numbered black or
white arrows indicate spots of up- or down-regulated genes in the I-lobe cDNA-pool, which were among others chosen for Northern blot
hybridizations. Jun (1), Hsp27 (2), Hsp70 (3), IL-1RI (4) and Fgb (5). Arrow heads point to spotted housekeeping gene cDNAs; -Actin (6),
ribosomal protein S29 (7), 1 spotted genomic DNA to assess contaminations in the RNA preparations, used for probe synthesis.

RNA of untreated rat livers as well as RNA of the additionally
prepared liver series after 1 h partial ischemia and 0, 1, 2 or
6 h of reperfusion on Northern blots.
Figure 5A shows the resulting Northern blot data for
the 14 I-lobe up-regulated genes. Ten genes were identified
that were clearly up-regulated in the matched postischemic
lobes as compared to the untreated livers and the C-lobes
of the experimental animals: Hsp27, Hsp70, Hsp86, Hsp105,

Hsp60, Hsp10, Jund, Fos, Gadd45a and EST-Rn.2835. All
analyzed heat shock genes as well as Jund, Gadd45a and
EST-Rn.2835 showed highest transcriptional levels after 6 h
reperfusion equal to the highest serum AST/ALT levels
in the analyzed reperfusion time kinetics (compare Figure 5A
to Figure 1B). Two genes, Ldlr and EST-Rn.160092, showed
higher expression levels in the untreated livers as well as in
the I-lobes after 2 h reperfusion, whereas in the matched
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Figure 4 Northern blot data of verified target genes (SSH and ‘Atlas Array’) after partial WI/R (1 h/2 h). Exemplarily, liver lobes of two
animals are shown. Matched liver lobes (C- and I-lobe) are underlined. Abbreviations of the analyzed genes are written on the left of every
Northern blot. For full titles see Table 2. 28s rRNA bands of the ethidium bromide-stained gels are shown below the respective blots as
loading controls. 14 genes with enriched RNA (A) and 18 down-regulated genes (B) in the I-lobes.

C-lobes RNA levels were lower. The reperfusion time
kinetics indicates that these two genes are down-regulated
with ongoing reperfusion time and liver damage; this effect
was seen earlier in the C-lobes than in the I-lobes (Figure 5A).
Figure 5B demonstrates the transcription levels of 17
genes up-regulated in the C-lobes. Twelve genes have
comparably low RNA levels in the analyzed I-lobes and the
untreated rat livers but are clearly induced in the C-lobes,
comprising of genes coding for plasma proteins including

acute phase genes, Pbef, IL-1RI, Sod2, Ubl3, Fabp5 as well
as three ESTs. Except for the genes coding for IL-1RI, Bf,
Sod2 and the EST-Rn.121260, all genes with induced
expression in the C-lobes showed highest transcriptional
levels 6 h post ischemia. Figure 5B also presents some genes
with delayed increased gene expression in the I-lobes
compared to the corresponding C-lobes after 6 h reperfusion
and untreated rat livers (Pbef, Spin2c, Fgg, Sod2, Fabp5, ESTRn.121260 and EST-108244).
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Table 2 Summary of Northern blot expression data of rat liver lobes after partial WI/R (1h/2h)
Up-regulated genes (C-lobes vs I-lobes; n = 14)
Description

Stress response
Heat shock 10 ku protein 1 (Hspe1, Hsp10)
Heat shock protein, 27 ku (Hsp27)
Heat shock protein, 60 ku (liver) (Hsp60)
Heat shock 70 ku protein 1A (Hspa1a, Hsp70)
Heat shock 70 ku protein 8 (Hspa8, Hsc70)
Heat shock protein 1, alpha (Hspca, Hsp86)
Similar to heat shock protein 105 ku
alpha (LOC288444, Hsp105)
Cell cycle arrest, DNA damage, apoptosis
Growth and DNA-damage-inducible transcript-1
(Gadd45a)
Transcription factor
Jun D proto-oncogene (Jund)
c-fos mRNA (Fos)
Avian sarcoma virus 17 oncogene homolog (Jun)
Cellular metabolism
Low density lipoprotein receptor (Ldlr)
Gene product function unknown
ESTs
ESTs

%
Identity1

Method Mean fold
increase2

SE3

SSH
2.8 (n = 4)
A
13.7 (n = 4)
A
1.4 (n = 4)
SSH/A 64.0 (n = 4)
SSH
1.5 (n = 4)
SSH
2.5 (n = 4)
SSH
1.9 (n = 4)

1.4
1.6
1.4
1.6
1.5
1.1
1.1

UniGene ID

Accession
number

Rn.106093
Rn.3841
Rn.102058
Rn.1950
Rn.120392
Rn.3277
Rn.37805

NM_012966
M86389
X54793
L16764
M11942
AJ297736
XM_213699

id
id
id
id
id
id
id

Rn.10250

L32591

id

A

3.7 (n = 4)

1.2

Rn.46225
Rn.103750
Rn.93714

NM_138875
XM_234422
NM_021835

id
id
id

A
A
A

4.6 (n = 4)
16.3 (n = 4)
2.5 (n = 3)

1.3
1.9
1.5

Rn.10483

X13722

id

A

9.1 (n = 4)

1.4

Rn.16092
Rn.2835

BM391881
BG664888

id
id

SSH
SSH

5.2 (n = 4)
3.6 (n = 4)

1.2
1.4

UniGene ID

Accession
number

Rn.10488
Rn.7038

NM_017051
AF458413

id
id

Rn.28010

AF244366

id

Rn.109148
Rn.38030
Rn.9758

XM_215326
AB081730
M95578

Rn.10950
Rn.98846
Rn.11416
Rn.1702

WI/R citation4

[21, 27]
[22, 36-39]
[37, 40]
[39]

[9, 29]
[9, 28, 29, 36, 37, 41]
[9, 28, 29, 36, 41]

Down-regulated genes (C-lobes vs I-lobes; n = 18)
Description

Stress response
Superoxide dismutase 2, mitochondrial (Sod2)
Flavin containing monooxygenase 5 (Fmo5)
Cell cycle arrest, DNA damage, apoptosis
FADD-like apoptosis regulator (Cflar)
Immune system, inflammation
B-factor, properdin (Bf)
Pre-B-cell colony-enhancing factor (Pbef)
Interleukin 1 receptor, type I (IL-1rI)
Acute phase response
Haptoglobin (Hp)
Fibrinogen- (Fga)
Fibrinogen- (Fgb)
Fibrinogen- (Fgg)
T-kininogen (Kng)
Serine protease inhibitor (Spin2c)
Cellular metabolism
Ubiquitin-like 3 (Ubl3)
Fatty acid binding protein 5 (Fabp5)
Gene product function unknown
ESTs
ESTs (LOC361579)
ESTs
Rattus norvegicus similar to TIM2 (LOC287222)

%
Method
Identity1

Mean fold
decrease

SE

WI/R citation

SSH
SSH

3.8 (n = 4)
3.3 (n = 4)

1.3
1.3

[9, 42, 43, 44]

SSH

3.2 (n = 3)

1.0

id
id
id

SSH
1.8 (n = 4)
SSH
5.3 (n = 3)
SSH/A 11.5 (n = 4)

1.2
1.6
1.2

[45]

id
id
id
id
id
id

SSH
3.1 (n = 4)
SSH
2.3 (n = 3)
SSH/A 2.7 (n = 3)
SSH
1.8 (n = 4)
SSH
5.0 (n = 4)
SSH
13.3 (n = 4)

1.2
1.0
1.3
1.2
1.4
1.4

[46, 47, 47-49]
[38, 44, 48]
[38, 44, 48]
[38, 44, 48]
[50]

Rn.128

K01933
X86561
U05675
J00734
M14370
Aj225628

Mm.21846
Rn.5811

AF044223
U13253

id
id

SSH
SSH

2.9 (n = 4)
3.4 (n = 4)

1.4
1.1

Rn.121260
Rn.105438
Mm.187470
Rn.108244

BF559707
BG447490
XM_129912
AY255103

98%
id
93%
id

SSH
SSH
SSH
SSH

4.6 (n = 3)
74.3 (n = 4)
1.7 (n = 4)
2.6 (n = 3)

1.3
1.2
1.2
1.1

[35]

1
Percentage of sequence identity of tagged cDNAs in comparison to the sequence of the listed Accession No. (id means ≥99% sequence identity); 2mean signal
differences of up to four rat livers after WI/R (1 h/2 h); number of analyzed liver lobe pairs (matched C- and I-lobe of one animal) are shown in parenthesis. Mean
fold in- or decrease ≥2.0 are shown in bold letters; 3standard error; 4literature citations associated with liver WI/R; citations in bold letters with implied gene
expression data.

Hsp70, Hsp27, IL-1RI and Gadd45a protein expression
We analyzed the protein levels of four verified target genes
(Hsp70, Hsp27, Gadd45a and IL-1RI) on Western blots after
1 h partial ischemia and 2 h reperfusion (n = 3), in the
specimens of the representative reperfusion time kinetics
(0, 1, 2 and 6 h reperfusion; n = 1) and untreated rat livers
(n = 2) as shown in Figure 6.

Although increased transcript levels of the Hsp27 gene
were observed after 1 h reperfusion (Figure 5A), protein levels
were elevated slightly in the I-lobes after 2 h and more
pronounced after 6 h of reperfusion. Furthermore, Figure 6
shows increased IL-1RI amounts in the analyzed nonischemic
lobes (1, 2 and 6 h reperfusion) compared to protein levels in
the corresponding postischemic lobes and untreated livers.
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Figure 5 Expression profiling (Northern blot analysis) of 31 genes, untreated and postischemic rat livers after partial WI/R in a reperfusion
time kinetics. A: Twelve I-lobe up-regulated genes and two down-regulated sequences after WI/R; B: Genes with enriched RNA in the C-lobes,
untreated liver (U), two overlapping Spin2c probes used for independent Northern blot experiments (1).
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Figure 6 Expression of Hsp70, Hsp27, Gadd45a, IL-1rI and -Actin proteins in rat livers after partial WI/R (Western blot data). Two untreated
rat livers (U); C-lobes and I-lobes after WI/R (C and I).
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C

Figure 7 Gadd45a immunohistochemistry exemplarily after 1h/6h WI/R (cryosections). A: C-lobe after WI/R (1 h/6 h); B: I-lobe after WI/R
(1 h/6 h); C: Negative control, lacking the primary antibody in the immunohistochemical staining procedure.

Increased Gadd45a protein could be detected as early
as after 2 h of reperfusion but was more elevated after 6 h
of reperfusion in the postischemic liver lobes as compared
to untreated rat livers and respective C-lobes (Figure 6).
Immunohistochemical Gadd45a staining of fresh frozen
liver tissues demonstrated induced Gadd45a expression after
2 and 6 h of reperfusion, with cytoplasmic and nuclear
staining in parenchymal cells (Figure 7). In untreated livers,
in all analyzed C-lobes as well as in postischemic I-lobes up
to 1 h of reperfusion, Gadd45a expression was absent or
at basal levels (data not shown).
Hsp70 protein was clearly induced in the I-lobes after
1, 2 and 6 h of reperfusion (compared to the protein level
of the adjacent C-lobes and untreated rat livers), as
demonstrated by the Western blot experiments shown in
Figure 6. Slightly up-regulated Hsp70 protein levels could
also be noticed in the C-lobes with advanced reperfusion
time compared to untreated, healthy rat livers. Looking at
the immunohistochemical data, Hsp70 induction was
observed 1 and 2 h after clamp removal in the analyzed
I-lobes only in bile ducts, connective tissue and endothelial
cells in portal fields (Figure 8). Additionally, positive staining
was noticed in sinusoidal endothelial cells (SEC) and cells in
the liver sinusoids. In the analyzed early reperfusion periods
(WI/R 1 h/1 h or 1 h/2 h), no Hsp70 expression could be
detected in hepatocytes, in contrast to the postischemic liver
lobe after 6 h reperfusion. Here intense Hsp70 staining
was mainly restricted to parenchymal cells in perivenular
liver arreals (Figure 8). In comparison to histopathological
changes after WI/R, parenchymal vacuolation correlated
with the intense perivenular Hsp70 staining pattern in the
I-lobe at this time point (Figure 8).

DISCUSSION
To date, no reliable parameters exist to allow early prediction
of liver damage after hepatic resection or transplantation.
Conversely, it would be of great clinical importance to have
information about potential function of the liver remnant
or graft. In this study we established gene expression profiles
of 32 genes with differential expression in the acute phase
after partial rat liver WI/R, in order to elucidate the genes
and molecular pathways involved in the complex setting of
WI/R mediated liver injury. For the first time, the two
methods SSH and hybridization of ‘Atlas Arrays’ were used
to obtain a comprehensive profile of differentially expressed
genes in this standard WI/R animal model. To analyze, if

genes coding for functionally related proteins show similar
expression patterns, steady state RNA levels were compared
in ischemic/reperfused vs adjacent control liver lobes and
healthy livers by Northern blot analysis. These gene patterns
should reveal new makers for early WI/R liver injury.
In case of the SSH scenery, candidate genes were first
screened with the raw material used for the SSH experiments
and subsequently with pooled poly(A)+RNA of four rat livers
after 1 h/2 h WI/R, to reduce the number of candidate
genes from 89 to 32. This second screening allows the
comparison of SSH and ‘Atlas Array’ approaches, because
the same pooled RNA source was used for both screening
methods. Both procedures yielded a comparable set of
differentially expressed genes. The slightly higher rate of
differentially expressed candidates of 5.1% recovered from
the ‘Atlas Arrays’ compared to 1.7% after SSH may result
from the restriction of the spotted cDNAs on the arrays.
The cDNA arrays used here include many gene families
involved in signal transduction, cellular stress and
inflammation pathways, known to play a role during WI/R,
in contrast to the SSH-clones representing a potential of
differentially expressed genes from a more unfiltered
background. This fact could also explain why only three
identical genes were identified with both methods (Hsp70,
IL-1rI and Fgb). While the array technology allowed a faster
identification of candidate genes, SSH yielded six
functionally noncharacterized but via Northern hybridizations
confirmed sequences, that were not included in any arrays,
allowing for the detection of new marker genes in the WI/R
context. After Northern blot analysis, differential expression
could be confirmed for 76.9% (11/13) of ‘Atlas Array’
candidate genes and for 78.1% (25/32) of SSH candidate
genes after WI/R (1 h/2 h), that included 26 genes or
sequences differentially expressed in matched liver lobes
of more than three animals with fold changes of relative
transcript amounts ≥2.0 (Table 2). In addition to genes
that were already described in experimental or clinical
settings to be involved in WI/R liver injuries (Table 2), we
verified transcriptional differential expression of 11
functionally known genes not described in this in vivo liver
WI/R model before, but generally belonging to gene
families that are known to be effected after WI/R. These
genes were: Hsp10, Hsp60, Hsp105 (coding for heat shock
proteins), Gadd45a (apoptosis), Ldlr (metabolism) that were
all induced in the clamped liver lobes and Fmo5 (stress
responsive gene), Cflar (apoptosis inhibitor), Pbef and Spin2c
(immune system, acute phase gene), Ubl3 and Fabp5 (cellular
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Figure 8 Hsp70 protein localization in rat livers after WI/R (paraffin-embedded sections). Hsp70 staining of paraffin-embedded liver tissues
after partial WI/R. Up to 2 h of reperfusion Hsp70 was located in sinusoidal cells and cholangiocytes, connective cells, endothelial cells of
portal areas only in the I-lobes (I-lobes after 1 h/2 h WI/R: B+D), while Hsp70 was not detectable in the C-lobes at these time points (C-lobes
after 1 h/2 h WI/R: A+C). Parenchymal Hsp70 staining was only noticed after 6 h reperfusion (C-lobe: E; I-lobe: F+H).Comparison of perivenular
vacuolization (HE staining: G) and Hsp70 protein expression in the affected hepatocytes after 1 h/6 h WI/R (H).

metabolism) with higher transcriptional levels in the analyzed
C-lobes. Additionally, we showed for the first time
transcriptional differences between postischemic and
nonischemic lobes of the genes Hsp27, Jund, Sod2 and IL-1rI
known to be involved in WI/R liver injury whose
transcriptional status has so far remained unclear from
literature data.
After the more detailed gene expression profiling
including reperfusion time kinetics and livers of untreated
animals (Figure 5), a more in-depth picture of gene
expression was seen. First, up-regulated gene expression in
one of the experimental groups (C- or I-lobes) vs healthy
rat livers occured rather in early reperfusion phases than in
the ischemic period (except Spin2c and EST-Rn.121260)
that may be due to high energy nucleotide depletion in the
ischemic period[4,9]. This finding also explains the delayed
up-regulated gene expression in the I-lobes compared to
the corresponding C-lobes after 6 h reperfusion and
untreated rat livers for seven analyzed sequences. Secondly,
genes coding for functionally related proteins show similar
expression patterns in the analyzed tissue specimens that is
now discussed in detail below.
Figure 5A summarizes the genes of main interest that
are up-regulated in the postischemic lobes (I-lobes) compared

to the matched C-lobes as well as to the normal livers.
Eleven genes could be assigned to genes coding for heat
shock proteins, one to apoptosis inductor and one belongs
to the AP-1 transcription factor group.
Also known as molecular chaperones, the heat shock
gene product family members are responsible to maintain
correct protein folding; they are in part induced by denatured
proteins produced during heat shock, ischemia or chemical
noxes[21]. Interestingly, all important cytoplasmic, nuclear and
mitochondrial chaperone systems were involved in our model
of WI/R. Hsp70 the major inducible cellular chaperone
and Hsp27, a member of the heterogeneous family of small
heat shock proteins[21], showed the strongest up-regulation
in our model. Hsp70 is accepted to be a sensitive marker
indicating WI/R induced cellular stress during the early and
subacute reperfusion phase. Hsp70 maintains correct protein
folding[22,23] and has protective effects after chemical and
ischemic preconditioning followed by liver WI/R[21,24]. It has
been shown recently that Hsp70 is a potent inhibitor of
apoptotic cell death, additionally explaining the protective
effects after preconditioning inducing heat shock protein
expression[23,25]. In our experiments, Hsp70 and Hsp27 gene
transcripts were nearly absent in untreated rats and C-lobes
after WI/R but were up-regulated in the I-lobes. Nearly all
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published Hsp70 protein analyzes after WI/R do not include
Hsp70 localization, but focus on ELISA or Western blot
data. Our immunohistochemical results with Hsp70
restriction to ductal cells and SEC 1-2 h postischemia as
well as intense parenchymal Hsp70 expression 6 h after
reoxygenation of the clamped liver lobe, reflect the time
course of this WI/R model[4]. This parenchymal Hsp70
protein staining 6 h after warm liver ischemia in correlation
to hepatocyte vacuolation shows that Hsp70 is a sensitive
marker for WI/R liver damage. Interestingly, the perivenular
Hsp70 distribution could also be demonstrated in rat livers
48 h after heat shock exposure[26]. In the case of Hsp27,
for the first time we demonstrated a significant protein upregulation after partial liver WI/R. In experimental settings
after kidney I/R it could be shown that Hsp27 is
phosphorylated and activated after I/R; activated-p38 was
involved in phosphorylation of Hsp27[27].
In the case of AP-1 transcription factors, which are
involved in cellular regeneration or apoptosis [9,28], the
immediate early genes Fos, Jun and Jund were up-regulated
after WI/R. Fos and Jun gene expressions are known to be
induced in the acute reperfusion phase after WI/R[28]. Our
transcriptional data, concerning these two genes, are in
agreement with the published ones. Furthermore, it could
be shown that DNA binding activity of AP-1 dramatically
increased in the acute reperfusion phase 1-3 h post-ischemia[29],
predominantly of Jun and Jund hetero- and homodimers.
AP-1 activity with Jund was mainly found to be up-regulated
due to posttranslational modifications regulating rather antiproliferative responses after WI/R [9,29]. This feature is
underscored by the observation that levels of proliferating
cell nuclear antigen (a proliferation marker) decrease in
concordance with elevated Jund[28]. Now we close the circle
and demonstrate transcriptional induction of Jund poly(A)
+
RNA in the postischemic tissues after partial WI/R. Acting
as a transcriptional complex, the up-regulation of these
immediate early response genes can cooperatively induce
the expression of inflammatory cytokines. This leads to
neutrophil-mediated inflammation[9], thereby linking acute
molecular events with early cellular damaging effects to the
subacute inflammatory responses.
Gadd45a gene is regulated in correlation with the
induction of apoptosis or as a consequence of stress
response[30] . In our experiments, the Gadd45a gene was
induced in the postischemic tissues ≥1 h on RNA level
and ≥2 h on protein level. Gadd45a may play a role in p53
dependent and independent apoptosis[30] via activation of
JNK and/or p38-MAPK signalling pathways[31]. Both are
known to be part of signal transduction cascades in the
acute reperfusion phase after liver WI/R [9]. Elevated
apoptotic rates are recognized after WI/R although necrosis
appears to be the principal mechanism of cell death after
WI/R[16].
Looking at the different pathophysiological sequences
after liver ischemia[4] as described in the introduction,
reperfusion injury is initiated in the early or immediate
reperfusion period (1-6 h) with activation of Kupffer cells
and induction of microcirculatory disturbance. These
changes lead to immense neutrophil inflammatory response,
parenchymal apoptosis and more pronounced necrosis in
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the later postischemic periods (>6 h) [16] . With the
identification of genes already up-regulated 1-2 h post-liver
clamping in the manipulated liver tissues (I-lobes), compared
to the analyzed normal liver tissue, these marker genes
indicate not only cellular stress but also tissue injury in the
early reperfusion phase (1-2 h) with progressive aggravation.
Considering our presented protein data, cellular stress is
indicated by the chaperones Hsp27, Hsp70 and the
apoptosis or growth arrest inducing protein Gadd45a, with
clearly but slightly elevated protein levels in the early
reperfusion period in the postischemic liver lobes and
immense up-regulated protein synthesis at the later stage
(6 h reperfusion).
In contrast to the discussed I-lobe induced genes,
Figure 5B combines 18 sequences primarily identified as
verified down-regulated after partial WI/R, comparing Ilobes and the corresponding C-lobes of our standard model
(WI/R; 1 h/2 h), showing an interesting feature after
expression profiling in contrast to the untreated specimens.
These gene transcripts were enriched in the C-lobes that
were under permanent blood flow throughout the whole
of surgical procedure, with some genes indicating a delayed
up-regulation in the post ischemic tissues (I-lobes) after 6 h
reperfusion. This indicates that various mediators or
direct effects of ROS, produced in the clamped liver lobe,
systemically influence the adjacent perfused liver lobes
during the ischemic period or subsequent to reperfusion. It
is well known that TNF and IL-1 and other mediators
have effects not only on the local hepatic environment, but
also on remote organs after WI/R [8,32,33], representing the
main mechanism of multiorgan dysfunction after liver
transplantation and resection[34] . Additionally, it could be
shown that blocking IL-1R with its physiological antagonist
(IL-1Ra) has beneficial effects after WI/R[35-50]. Our findings
demonstrating the up-regulation of acute-phase response/
inflammation genes in the adjacent C-lobes in contrast to
the corresponding I-lobes after partial WI/R and to the
untreated animals support this hypothesis, most notably,
increased IL-1RI RNA and protein synthesis in the analyzed
C-lobes (≥1 h post ischemia). IL-1RI interacts with IL-1
and TNF leading to inflammatory responses via NFB
activation[4,8,11]. Another source for mediators leading to altered
gene expression in the C-lobes could be the splanchnic region
due to portal hypertension as a result of incomplete
decompression via the unclamped liver lobes in the case of
partial WI/R, i.e., endotoxins, that are absorbed by Kupffer
cells leading to the activation of these macrophages[32].
In conclusion, we present a new set of genes responsive
to WI/R in early reperfusion periods before irreversible
liver damage occurs. The fact that these genes (six
noncharacterized sequences and 11 genes described for the
first time in the liver WI/R context) include members of
known involved pathways (heat shock activation, AP-1
involvement, apoptosis, and inflammatory response)
confirms that the methods used in this study provide good
tools to identify new WI/R indicating genes. It becomes
clear that in these early reperfusion periods (1-2 h)
destructive mechanisms mediated by up-regulation of
proapoptotic genes are counteracted by the pronounced
expression of protective acting genes (i.e., heat shock genes).
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The question is which side will prevail.
As we analyzed IL-1RI, Gadd45a and Hsp27 exemplarily
and for the first time in the liver WI/R context on the
protein level, future studies should expand protein expression
data of the identified marker genes. Differentially expressed
ESTs need to be further characterized in experimental and
clinical settings especially during liver transplantation and
resection. The involvement of different functional
compartments should stimulate the definition of a
characteristic set of early WI/R markers to distinguish
between reversible and irreversible injuries after liver surgery
rather than to focus on single markers. Clearly, heat shock
proteins as well as AP-1 and apoptosis-related genes and
proteins should be part of this diagnostic spectrum.
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demonstrated between 3LL-implanted and non-implanted
groups.
CONCLUSION: Endocrine cells are the anatomical units
responsible for the production of gut hormones, and the
change in their density would reflect a change in the
capacity of producing these hormones. Implantation of
tumor cell mass (3LL) induced severe quantitative changes
of gastric endocrine cell density, and the abnormality in
density of gastric endocrine cells may contribute to the
development of gastrointestinal symptoms such as
anorexia and indigestion, frequently encountered in
patients with cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: The regional distributions and relative frequencies
of some gastric endocrine cells of C57BL/6 mice were
studied by immunohistochemical method using seven
types of specific antisera against chromogranin A (CGA),
serotonin, somatostatin, gastrin, cholecystokinin (CCK)-8,
glucagon and human pancreatic polypeptide (HPP) after
subcutaneous implantation of murine lung carcinoma (3LL)
cells.
METHODS: The experimental animals were divided into
two groups, one is non-implanted sham and the other is
3LL-implanted group. Samples were collected from the
two regions of stomach (fundus and pylorus) at 28 d after
implantation of 3LL cells (1×105 cell/mouse).
RESULTS: In this study, all the seven types of
immunoreactive (IR) cells were identified except for HPP.
Most of these IR cells in the gastric portion were generally
spherical or spindle in shape (open-type cell) while cells
showing round in shape (closed-type cell) were found
occasionally. The regional distributions of gastric endocrine
cells in the 3LL-implanted group were similar to those of
non-implanted sham. However, significant decreases of
some types of IR cells were detected in 3LL-implanted
group compared to those of non-implanted sham. In
addition, the IR cells showing degranulation were
numerously detected in 3LL-implanted group. CGA-,
serotonin- and somatostatin-IR cells in the fundus and
pylorus regions, and gastrin-IR cells in the pylorus regions
of 3LL-implanted groups significantly decreased compared
to those of non-implanted sham. However, no changes
on frequencies of CCK-8- and glucagon-IR cells were
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INTRODUCTION
3-Lewis lung carcinoma (3LL) is a cancer that aggressively
and rapidly spreads to other organs of the body. This cancer
is ordinarily the most life-threatening type. There are many
in vivo tumor models that are available for the development
and study of anticancer agents in animals with autochthonic
or transplanted tumor lines. A system using the 3LL, a tumor
which once arose spontaneously in C57BL/6 mice, is
particularly useful because it metastasizes into the lungs.
Now, 3LL is considered as one of the widely used tumors
in development and study of anticancer agents[1,2]. C57BL/6
mouse is an inbred black mouse and is probably the most
widely used of all inbred strains though in many ways it
seems to be a typical of inbred strains of laboratory mice.
It usually has a good breeding performance, depending on
substrain, and has been used as the genetic background for
a large number of congenic strains covering both
polymorphic and mutant loci. This strain of mice is resistant
to chloroform toxicity[3] , to induction of cleft palate by
cortisone, to lethal effects of ozone [4] and to colon
carcinogenesis by 1,2-dimethylhydrazine[5]. In addition, it is
also a recommended host for the following transplantable
tumors: 3LL, mammary adenocarcinoma BW 10232,
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melanoma B16, myeloid leukemia C 1498 and preputial gland
carcinoma ESR586. The regional distributions and relative
frequencies of the endocrine cells along the entire gastrointestinal
tract of normal C57BL/6 mice were also reported[6].
Gastrointestinal (GI) endocrine cells dispersed in the
epithelia and gastric glands of the digestive tract, synthesized
various kinds of gastrointestinal hormones and played an
important role in the physiological functions of the
alimentary tract. Until now, the investigation of GI
endocrine cells is considered to be an important part of a
phylogenic study[7] and endocrine cells are regarded as the
anatomical units responsible for the production of gut
hormones, and the change in their density would reflect a
change in the capacity of producing these hormones[8]. In
addition, the regional distributions and relative frequencies
of these endocrine cells are varied with animal species and
feeding habits[9]. Many studies have elucidated the regional
distribution and relative frequency of different endocrine
cells in the GI tract of the various vertebrates including
various species of rodent, and also the researches or data
processing about GI endocrine cells in the mouse strains
have been widely executed. The changes of GI endocrine
cells in some diseases are also well demonstrated. El-Salhy
and Sitohy[8] reported an abnormal density of GI endocrine
cells in patients with diabetes, and proliferation of endocrine
cells in the epithelium was detected in pernicious anemia[10].
In addition, some quantitative changes of endocrine cells
were also demonstrated in celiac sprue[11] and the possibilities
of changes on gastric endocrine cells were also reported in
pancreatectomy[12].
In the patients with cancer, the most frequent and
distressing symptoms are gastrointestinal disorder, and
Komurcu et al[13] reported that dry mouth, weight loss, early
satiety, taste changes, constipation, anorexia, bloating, nausea,
abdominal pain and vomiting were 10 most common GI
symptoms in patients with lung, breast and prostate cancer.
Until now, the change of endocrine cells related with tumor has
been the focus on the tumor itself induced by chemicals[14,15]
and/or by some side effects of diseases[16]. Therefore, the
composition, number and types of endocrine cells in endocrine
tumors located in the GI tract are well recognized[17-19] .
Although nearly one-half of the most frequently reported
and most distressing symptoms in patients with cancer are
GI in nature[13], the study about changes of gastrointestinal
endocrine cells was restricted to the region of endocrine
carcinoid tissues or non-neoplastic mucosa around the
carcinoids. In addition, there was no report dealing on the
changes of gastrointestinal endocrine cell profiles after
subcutaneous implantation of tumor.
The objective of this study was to clarify the changes
of endocrine cells in the stomach regions of C57BL/6
mouse after subcutaneous implantation of 3LL by specific
immunohistochemistry using seven types of antisera against
chromogranin A (CGA), serotonin, somatostatin, gastrin,
cholecystokinin (CCK)-8, glucagon and human pancreatic
polypeptide (HPP).

MATERIALS AND METHODS
Experimental animals
Twenty adult female C57BL/6 mice (6-wk-old, 21-26 body
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weight upon receipt) were acquired from the Charles River
Laboratories (Yokohama, Japan) and used in this study after
acclimatization for 7 d. Animals were allocated 5 per
autoclaved filter-capped cages (Nalgene, Rochester, NY,
USA) in a temperature (20-25 ℃) and humidity (50-55%)
controlled room during acclimatization periods. Light/dark
cycle was 12 h/12 h and sterilized feed (Samyang, Korea)
and autoclaved water was supplied free to access. Animals
were divided into two groups, 3LL-implanted group and
non-implanted sham group. All 10 mice was used in this
study. Experimental animals were treated according to
institutional and National Institutes of Health guidelines
for animal use and care.
Implantation of Lewis lung carcinoma (3LL)
3LL was maintained as subcutaneous tumor mass.
Maintained subcutaneous tumor mass was excised under
sterile conditions and single cell suspensions prepared by
collagenase type IV and DNase I (Sigma, USA) in PBS and
filtration of the resulting tumor cell suspension through
cell strainer (Costar, USA). After counting and adjusting
the cell number (1×10 5 cell/mouse), 3LL cell was
intradermally implanted at abdominal skin with viable tumor
cells.
Sampling
After 28 d of implantation, all experimental animals were
anesthetized with ethyl ether. For inducing gastric and/or
intestinal emptying, animals were fasted about 24 h. After
phlebotomization, samples from the fundus and pylorus
were fixed in Bouin’s solution.
Histology
After paraffin embedding, 3-4 m serial sections were
prepared. Representative sections of each tissue were stained
with hematoxylin and eosin for light microscopic examination
of the normal gastrointestinal architecture.
Immunohistochemistry
Each representative section was deparaffinized, rehydrated
and immunostained with the peroxidase anti-peroxidase
(PAP) method[20] . Blocking of nonspecific reaction was
performed with normal goat serum prior to incubation with
the specific antisera (Table 1). After rinsing in phosphatebuffered saline (PBS; 0.01 mol/L, pH 7.4), the sections
were incubated in secondary antiserum. They were then
washed in PBS buffer and finally the PAP complex was

Table 1 Antisera used in this study
Antisera raised1

Code

Source

CGA

A430

DAKO Corp., Carpinteria

1:1 000

Somatostatin

PUO421295

BioGenex Lab., San Ramon

1:20

Serotonin
Gastrin

BO68082C
PUO190796

BioGenex Lab., San Ramon
BioGenex Lab., San Ramon

1:20
1:20

CCK-82

750257

DiaSorin, Stillwater

1:500

Glucagon

927604

DiaSorin, Stillwater

1:2 000

HPP2

A610

DAKO Corp., Carpinteria

1:600

2

Dilution

1
All antisera were raised in rabbits. 2 CGA: chromogranin A, CCK-8:
cholecystokinin-8, HPP: human pancreatic polypeptide.
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prepared. The peroxidase reaction was carried out in a
solution 3,3’-diaminobenzidine tetrahydrochloride containing
0.01% H2O2 in Tris-HCl buffer (0.05 mol/L, pH 7.6). After
immunostained, the sections were lightly counterstained with
Mayer’s hematoxylin and immunoreactive (IR) cells were
observed under light microscope.
The specificity of each immunohistochemical reaction
was determined as recommended by Sternberger[20], including
the replacement of specific antiserum by the same antiserum,
which had been preincubated with its corresponding antigen.
Frequency
Among 1 000 parenchymal cells, numbers of cells showing
immunoreactivities against each antiserum were counted
using automated image analysis process (Soft Image System,
Germany) attached to light microscope. The frequency was
calculated in gastric mucosa including the epithelia and gastric
gland regions.
Statistical analysis
The frequencies of IR cells were calculated as mean±SD
of total 10 parts (n = 10) of the fundus and pylorus. MannWhitney U-Wilcoxon Rank Sum W test (M-W test) was used
to analyze the significance of data with SPSS for Windows
(Release 6.1.3, SPSS Inc., USA) and the significant values
were represented by P<0.05 and P<0.01.

RESULTS
In this study, six kinds of IR endocrine cells were detected
with the antisera against CGA, somatostatin, serotonin,
gastrin, CCK-8 and glucagon in the stomach of C57BL/6
mice regardless of implantation (Table 2). However, no
HPP-IR cells were demonstrated in this study. According to
the location of the stomach, different regional distributions
and frequencies of these IR cells were observed, and these
differences are shown in Table 2. Most of these IR cells in
the epithelia regions were generally spherical or spindle in
shape (open-type cell), while occasionally round shaped
(closed-type cell) cells were also found in the gastric gland
regions. In addition, most of these IR cells significantly
(P<0.05 or P<0.01) decreased in 3LL-implantation group
compared to those of non-implanted sham group except
for CCK-8-, glucagon- and HPP-IR cells, which showed
similar frequencies with each others.

A

B
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Table 2 Regional distributions and frequencies of the endocrine
cells in the stomach of the C57BL/6 mouse after implantation of 3LL
(mean±SD)
Non-implanted Sham

3LL-implanted group

Antisera
Fundus
1

Pylorus

Fundus

Pylorus
b

25.70±6.43b

CGA

17.30±2.16

41.20±6.16

5.20±2.20

Somatostatin

14.20±3.01

14.20±5.01

10.90±1.79b

6.20±1.75b

Serotonin
Gastrin

54.50±10.32
ND 2

18.50±4.22
48.50±11.10

10.50±3.50b
ND

7.90±2.88b
39.10±8.46a

ND

45.70±6.58

ND

46.90±6.92

ND

3.00±1.25

ND

ND

ND

ND

CCK-8 2
Glucagon
HPP2

3.10±0.74
ND

Number/1000 cells (n = 10); 1CGA: chromogranin A, CCK-8: cholecystokinin8, HPP: human pancreatic polypeptide; 2ND, not detected; aP<0.05 vs nonimplanted sham by M-W test; bP<0.01 vs non-implanted sham by M-W test.

CGA-IR cells
CGA-IR cells were observed in the fundus and pylorus
regions of non-implanted sham and 3LL-implanted groups.
These IR cells were mainly dispersed in the basal portions
of gastric gland regions rather than surface epithelia regions,
and more numerous cells were detected in the pylorus
compared to that of the fundus, regardless of implantation
of 3LL. In addition, cells showing degranulation and having
relatively narrowed cytoplasm were more numerous in 3LLimplanted group compared to that of non-implanted sham
(Figures 1A-D). The frequency of CGA-IR cells in the fundus
was detected in non-implanted sham and 3LL-implanted
group with 17.30±2.16 and 5.20±2.20 among 1 000 cells
respectively. The numbers in the fundus of 3LL-implanted
group significantly (P<0.01) decreased compared to those
of non-implanted sham (about 69.94% decreased). The
frequency of CGA-IR cells in the pylorus of 3LL-implanted
group also significantly (P<0.01) decreased compared to
that of non-implanted sham (about 37.62% decreased) and
they were demonstrated in non-implanted sham and 3LLimplanted group with 41.20±6.16 and 25.70±6.43 among
1 000 cells respectively (Table 2).
Somatostatin-IR cells
Somatostatin-IR cells were observed in the fundus and
pylorus regions of non-implanted sham and 3LL-implanted
groups. These IR cells were dispersed in the gastric mucosa
and they showed similar cell numbers between the fundus

C

D

Figure 1 CGA-IR cells in the fundus (A, B) and pylorus (C, D) of non-implanted sham (A, B) and 3LL-implanted group (B, D). In 3LL-implanted
group, CGA-IR cells dramatically decreased in the both regions of stomach and cells having relative narrow cytoplasm and degranulation
were more numerously detected. PAP methods, scale bar = 40 m.
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and pylorus of non-implanted sham but slightly numerous
cells were observed in the fundus of 3LL-implanted group
compared to that of the pylorus. In addition, cells showing
degranulation and having relatively narrowed cytoplasm were
more numerously detected in 3LL-implanted group
compared to that of non-implanted sham (Figures 2A-D).
The frequency of somatostatin-IR cells in the fundus was
detected in non-implanted sham and 3LL-implanted group
as 14.20±3.01 and 10.90±1.79 among 1 000 cells

A

B

C

D

Figure 2 Somatostatin-IR cells in the fundus (A, B) and pylorus (C,
D) of non-implanted sham (A, B) and 3LL-implanted group (B, D). In
3LL-implanted group, somatostatin-IR cells dramatically decreased
in both regions of stomach and cells having relative narrow cytoplasm and degranulation were more numerously detected. PAP
methods, scale bar = 40 m.
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respectively. The numbers in the fundus of 3LL-implanted
group significantly (P<0.01) decreased compared to those
of non-implanted sham (about 23.24% decreased). The
frequency of somatostatin-IR cells in the pylorus of 3LLimplanted group also significantly (P<0.01) decreased
compared to that of non-implanted sham (about 56.34%
decreased) and they were demonstrated in non-implanted
sham and 3LL-implanted group with 14.20±5.01 and
6.20±1.75 among 1 000 cells, respectively (Table 2).
Serotonin-IR cells
Serotonin-IR cells were observed in the fundus and pylorus
regions of non-implanted sham and 3LL-implanted groups.
Serotonin-IR cells were dispersed throughout whole gastric
mucosa of the fundus but they were mainly located in the
basal portion of the gastric mucosa in the pylorus, regardless
of implantation. More numerous cells were detected in the
fundus compared to that of the pylorus in both groups. In
addition, cells showing degranulation and having relatively
narrowed cytoplasm were more numerously observed in
3LL-implanted group compared to that of non-implanted
sham (Figure 3A-D). The frequency of serotonin-IR cells
in the fundus was demonstrated in non-implanted sham
and 3LL-implanted group as 54.50±10.32 and 10.50±3.50
among 1 000 cells, respectively. The numbers in the fundus
of 3LL-implanted group significantly (P<0.01) decreased
compared to those of non-implanted sham (about 80.73%
decreased). The frequency of serotonin-IR cells in the
pylorus of 3LL-implanted group also significantly (P<0.01)
decreased compared to that of non-implanted sham (about
57.30% decreased) and they were demonstrated in nonimplanted sham and 3LL-implanted group with 18.50±4.22
and 7.90±2.88 among 1 000 cells, respectively (Table 2).

A

B

C

D

Figure 3 Serotonin-IR cells in the fundus (A, B) and pylorus (C, D) of non-implanted sham (A, B) and 3LL-implanted group (B, D). In 3LLimplanted group, serotonin-IR cells dramatically decreased in the both regions of stomach and cells having relative narrow cytoplasm and
degranulation were more numerously detected. PAP methods, Scale bar = 40 m.
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A

B

Figure 4 Gastrin-IR cells in the pylorus of non-implanted Sham (A)
and 3LL-implanted group (B). In 3LL-implanted group, Gastrin-IR
cells were dramatically decreased in the both regions of stomach
and cells having relatively narrow cytoplasm and degranulation
were more numerously detected. PAP methods, scale bar = 40 m.

A

CCK-8-IR cells
CCK-8-IR cells were also restricted to the pylorus regions
in both groups. Most of these IR cells were dispersed in
the basal portion of the gastric mucosa of the pylorus,
regardless of implantation of 3LL (Figure 5A, B) quite similar
to that of gastrin-IR cells. The frequency of CCK-8-IR
cells in the pylorus was detected in non-implanted Sham
and 3LL-implanted group as 45.70±6.58 and 46.90±6.92
among 1 000 cells respectively. The numbers, distributional
patterns and shapes of CCK-8-IR cells of 3LL-implanted
group showed similar profiles compared to those of nonimplanted sham.
Glucagon-IR cells
Glucagon-IR cells were restricted to the fundus of nonimplanted sham and 3LL-implanted groups. They were
dispersed throughout whole gastric mucosa of the fundus,
regardless of implantation of 3LL (Figure 6A, B). The
frequency of glucagon-IR cells in the pylorus was detected in
non-implanted sham and 3LL-implanted group as 3.10±0.74
and 3.00±1.25 among 1 000 cells, respectively. The numbers,

B

Figure 5 CCK-8-IR cells in the pylorus of non-implanted sham (A)
and 3LL-implanted group (B). Similar shaped and distributions of
CCK-8-IR cells were demonstrated between non-implanted Sham
and 3LL-implanted group. PAP methods, scale bar = 40 m.

A

Gastrin-IR cells
Gastrin-IR cells were restricted to the pylorus regions in
both groups. Most of these IR cells were dispersed in the
basal portion of the gastric mucosa of the pylorus, regardless
of implantation of 3LL. IR cells showing degranulation and
having relatively narrowed cytoplasm were more numerously
observed in 3LL-implanted group compared to that of nonimplanted sham (Figures 4A, B). The frequency of gastrinIR cells in the pylorus was detected in non-implanted sham
and 3LL-implanted group as 48.50±11.10 and 39.10±8.46
among 1 000 cells, respectively. The number of 3LLimplanted group significantly (P<0.05) decreased compared
to those of non-implanted sham (about 19.38% decreased)
(Table 2).
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B

Figure 6 Glucagon-IR cells in the fundus of non-implanted sham (A)
and 3LL-implanted group (B). Similar shaped and distributions of
glucagon-IR cells were demonstrated between non-implanted Sham
and 3LL-implanted group. PAP methods, scale bar = 40 m.

distributional patterns and shapes of glucagon-IR cells of
3LL-implanted group showed similar profiles compared to
that of non-implanted sham.
HPP-IR cells
No HPP-IR cells were demonstrated in the fundus and
pylorus, regardless of implantation of 3LL (Table 2).

DISCUSSION
It is generally accepted that the 3LL is a cancer that
aggressively and rapidly spreads to other organs of the body.
This kind of cancer is ordinarily the most life-threatening
type, and now it is one of the most frequently used rodent
models to research anticancer agents. GI endocrine cells
appeared remarkably different depending on the regional
distribution, relative frequency and cell types with animal
species. In addition, many studies have elucidated the regional
distribution and relative frequency of different endocrine
cells in the GI tract of the various vertebrates including
various species of rodents. Also the researches or data
processing about GI endocrine cells in the mice strains have
been widely executed[21,22]. Gastrointestinal endocrine cells
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were generally divided into two types, one was round to
spherical shaped closed-type cells, which were located in
the stomach regions, and the other was spherical to spindle
shaped open-type cells, which were situated in the intestinal
regions. In addition, endocrine cells are regarded as the
anatomical units responsible for the production of gut
hormones, and the change in their density would reflect a
change in the capacity of producing these hormones[8]. In
the present study, the changes of endocrine cells in the
stomach regions of C57BL/6 mouse after subcutaneous
implantation of 3LL were obser ved by specific
immunohistochemistry. The distribution and frequency of
the endocrine cells in the stomach regions of nonimplantation group showed similar patterns compared to
those of already reported of normal C57BL/6 mice[6].
As results of 3LL implantation, CGA-, somatostatinand serotonin-IR cells significantly decreased in the fundus
and IR cells in the pylorus also decreased against chromogranin-,
somatostatin-, serotonin- and gastrin. However, no changes
were demonstrated against CCK-8-, glucagon- and HPP. HPPIR cells were not detected in this study. The most dramatically
changed cells are serotonin-IR cells, and somatostatin- and
serotonin-IR cells were the most dramatically changed ones in
the pylorus. These changes might be induced by the
gastrointestinal disorder observed in patients with cancer[13].
CGA belongs to a family of large anionic proteins (CG
A, B and secretogranin II) and the members, which are
known to be present in the secretory granules of a broad
spectrum of amine and peptide-producing cells of adrenal
medulla and gastrointestinal endocrine system as well as in
some neurons of the peptidergic and catecholaminergic
nervous system of several mammals[23,24]. CGs have been
found in large variety of endocrine organs and cells outside
the adrenal medulla, and they have been claimed as common
“markers” of all neuroendocrine cells[25]. Although the
changes of CGA-IR cells in the GI tract of rodent were
seldom, Qian et al [26] reported that decrease of CGA-IR
cells was demonstrated in the stomach of unilateral cervical
vagotomized mouse. In addition, increase of CGA-IR cells
was demonstrated in the stomach of proton pump inhibitor
treated rat[27] and celiac children[28]. According to these
previous reports, it is considered that changes of CGA-IR
cells were possible as a sign of diseases and these changes
were also considered as a result of changes of other endocrine
cells because CGs were regarded as common markers of
other endocrine cells[25]. In the present study, CGA-IR cells
remarkably decreased in the stomach of 3LL-implanted
groups compared to that of non-implanted sham.
Somatostatin consisting of 14 amino acids was isolated
from hypothalamus of sheep for the first time and it could be
divided into straight form and cyclic form[29]. This substance
inhibits the secretion of the other neuroendocrine
hormones[30]. It is known that somatostatin-IR cells show
the widest distribution in the whole GI tract except for the
large intestine of all vertebrate species investigated, including
the primitive agnathans with serotonin-IR cells. SomatostatinIR cells significantly increased in the adjacent mucosa
compared to that of distant mucosa in colorectal endocrine
cancer patients[31] and decreases of these IR cells were
demonstrated in the duodenal ulcer patients with Helicobacter
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pylori but they increased to normality after eradication of
Helicobacter pylori[32]. In the present study, somatostatin-IR cells
remarkably decreased in the stomach of 3LL-implanted
groups compared to that of non-implanted sham. These
decreases of somatostatin-IR cells were considered that they
induced somewhat serious problem to gastrointestinal
physiology regarding their functions on digestive tract.
Serotonin, consisting of monoamines was widely
distributed in nervous system and GI endocrine cells. Main
functions of serotonin were inhibition of gastric acid secretion
and contraction of smooth muscle in the GI tract [33] .
Serotonin-IR cells dramatically decreased in the duodenum
of diabetic mouse[34] and the number of these IR cells and
occupied area significantly decreased in the damaged gastroduodenal regions induced by ethanol in mice[35]. In the present
study, serotonin-IR cells are the most significantly changed
cells in stomach among observed endocrine cells. These
changes considered that it could induce a gastrointestinal
problems especially some clinical signs related to gastric
motility and gastric acid secretion.
It is generally accepted that gastrin and CCK-8 have
originated from same ancestor and in the human duodenum
a large fraction of these cells, besides reacting with non-C
terminal CCK antibodies and C-terminal gastrin/CCK
antibodies, also show immunoreactivity with C-terminal
gastrin-34 antibodies, co-localized with CCK in a variable
portion of secretory granules[36]. Gastrin secreted by intestinal
G cell, promotes the gastric acid secretion and CCK secreted
by intestinal I cell stimulates the pancreatic enzyme secretion.
Gastrin-IR cells were increased by long-term omeprazole
treatment in children[37] but decreased in unilateral cervical
vagotomized mice[26] and patients with peptic gastric ulcer[38].
In addition, enteric CCK-8-IR cells significantly increased
in celiac sprue[11]. In the present study, after implantation
of 3LL, decrease of gastrin-IR cells was demonstrated and
these results considered that could induce some gastric
disorders. However, CCK-8-IR cells were not changed in
the stomach. Therefore, further studies are required to
confirm the possibility of changes of CCK-8-IR cell profiles
because the changes of enteric CCK-8-IR cell were already
reported in celiac sprue[11].
Glucagon is synthesized in the A cells of the pancreas
and regulates serum glucose levels. These IR cells have been
demonstrated in various mammals. However, there were
no reports dealing with the evidence of changes of glucagonIR cells in any disease case or induced by chemical or
manipulation. Since PP was isolated from insulin extraction
from pancreas in 1961, the regional distribution of PP-IR
cells in the mouse strains was relatively well known but
strain-depended differences existed among mice. In case
of SKH-1 hairless mouse, they were not detected throughout
the whole GIT[39]. Although, very low frequency HPP-IR
cells were demonstrated in the fundus of normal C57BL/6
mice of previous study[6] no HPP-IR cells were demonstrated
in the stomach regions of C57BL/6 mice of this study.
In conclusion, endocrine cells are the anatomical units
responsible for the production of gut hormones, and the
change in their density would reflect a change in the capacity
of producing these hormones. Implantation of tumor cell
mass (3LL) induced severe quantified changes of gastric
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endocrine cell density and the abnormal density of gastric
endocrine cells may contribute to the development of
gastrointestinal symptoms such as anorexia and indigestion,
frequently encountered in patients with cancer.

20

21

REFERENCES
1

2

3

4

5

6

7

8

9
10

11

12

13

14

15

16

17

18

19

DeWys WD. Studies correlating the growth rate of a tumor and
its metastases and providing evidence for tumor-related systemic growth-retarding factors. Cancer Res 1972; 32: 374-379
Moon EY, Seong SK, Jung SH, Lee M, Lee DK, Rhee DK, Pyo
S, Yoon SJ. A nt i tumor a c t i v it y of 4 -phenyl -1 arylsulfonylimidazolidinone, DW2143. Cancer Lett 1999; 140:
177-187
Deringer MK, Dunn TB, Heston WE. Results of exposure of
strain C3H mice to chloroform. Proc Soc Exp Biol Med 1953;
83: 474-479
Goldstein BD, Lai LY, Ross SR, Cuzzi-Spada R. Susceptibility of inbred mouse strains to ozone. Arch Environ Health
1973; 27: 412-413
Evans JT, Shows TB, Sproul EE, Paolini NS, Mittelman A,
Hauschka TS. Genetics of colon carcinogenesis in mice treated
with 1, 2-dimethylhydrazine. Cancer Res 1977; 37: 134-136
Ku SK, Lee HS, Lee JH. An immunohistochemical study of
the gastrointestinal endocrine cells in the C57BL/6 mice. Anat
Histol Embryol 2003; 32: 21-28
D’Este L, Buffa R, Pelagi M, Siccardi AG, Renda T. Immunohistochemical localization of chromogranin A and B in the
endocrine cells of the alimentary tract of the green frog, Rana
esculenta. Cell Tissue Res 1994; 277: 341-349
El-Salhy M, Sitohy B. Abnormal gastrointestinal endocrine
cells in patients with diabetes type 1: relationship to gastric
emptying and myoelectrical activity. Scand J Gastroenterol 2001;
36: 1162-1169
Solcia E, Capella C, Vassallo G, Buffa R. Endocrine cells of
the gastric mucosa. Int Rev Cytol 1975; 42: 223-286
Rode J, Dhillon AP, Papadaki L, Stockbrugger R, Thompson RJ,
Moss E, Cotton PB. Pernicious anaemia and mucosal endocrine
cell proliferation of the non-antral stomach. Gut 1986; 27: 789-798
Buchan AM, Grant S, Brown JC, Freeman HJ. A quantitative
study of enteric endocrine cells in celiac sprue. J Pediatr
Gastroenterol Nutr 1984; 3: 665-671
Ravazzola M, Baetens D, Engerman R, Kovacevic N, Vranic
M, Orci L. Endocrine cells in oxyntic mucosa of a dog 5 years
after pancreatectomy. Horm Metab Res 1977; 9: 480-483
Komurcu S, Nelson KA, Walsh D, Ford RB, Rybicki LA.
Gastrointestinal symptoms among inpatients with advanced
cancer. Am J Hosp Palliat Care 2002; 19: 351-355
Wangbe rg B, Ni l sson O, Theodorsson E, Modli n IM,
Dahlstrom A, Ahlman H. Are enterochromaffinlike cell
tumours reversible? An experi mental study on gastric
carcinoids induced in Mastomys by histamine2-receptor
blockade. Regul Pept 1995; 56: 19-33
Solc ia E, Fi occ a R, Vil l a ni L, Luinetti O, Ca pel l a C.
Hyperplastic, dysplastic, and neoplastic enterochromaffinlike-cell proliferations of the gastric mucosa. Classification
and histogenesis. Am J Surg Pathol 1995; 19 Suppl 1: S1-7
Sjoblom SM, Sipponen P, Karonen SL, Jarvinen HJ. Mucosal
argyrophil endocrine cells in pernicious anaemia and upper gastrointestinal carcinoid tumours. J Clin Pathol 1989; 42: 371-377
Iwafuchi M, Watanabe H, Ishihara N, Shimoda T, Iwashita
A, Ito S. Peptide YY immunoreactive cells in gastrointestinal
carcinoids: immunohistochemical and ultrastructural studies of 60 tumors. Hum Pathol 1986; 17: 291-296
Yasui W, Sumiyoshi H, Hata J, Mandai K, Tahara E. Gut endocrine cells in rat stomach carcinoma induced by N-methyl-N’nitro-N-nitrosoguanidine. J Cancer Res Clin Oncol 1986; 111: 87-92
Shimamoto F, Tahara E, Yanaihara N. Gut endocrine cells in
rat intestinal-tract carcinoma induced by 1,2-dimethylhydrazine.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

1323

J Cancer Res Clin Oncol 1983; 105: 221-230
Sternberge r LA . The unl abel ed a ntibody peroxi da seantiperoxidase (PAP) method In: Sternberger LA, ed. Immunocytochemistry. New York: John Wiley & Sons, 1979: 104-169
Pinto HC, Portela-Gomes GM, Grimelius L, Kohnert KD, de
Sousa JC, Albuquerque MA. The distribution of endocrine
cell types of the gastrointestinal mucosa in genetically diabetic (db/db) mice. Gastroenterology 1995; 108: 967-974
Spangeus A, Kand M, El-Salhy M. Gastrointestinal endocrine cells in an animal model for human type 2 diabetes. Dig
Dis Sci 1999; 44: 979-985
Grube D, Yoshie S. Immunohistochemistry of chromogranin
A and B, and secretogranin II in the canine endocrine pancreas.
Arch Histol Cytol 1989; 52: 287-298
Reinecke M, Höög A, Östenson CG, Efendic S, Grimelius L,
Fal kmer S. Phylogenetic aspec ts of pancreasta tin- and
chromogranin-like immunoreactive cells in the gastro-enteropancreatic neuroendocrine system of vertebrates. Gen Comp
Endocrinol 1991; 83: 167-182
Cohn DV, Elting JJ, Frick M, Elde R. Selective localization of
the pa ra thyroi d sec retory protei n I/a drena l medull a
chromogranin A protein family in a wide variety of endocrine
cells of the rat. Endocrinology 1984; 114: 1963-1974
Qian BF, el-Salhy M, Danielsson A, Shalaby A, Axelsson H.
Effects of unilateral cervical vagotomy on antral endocrine
cells in mouse. Histol Histopathol 1999; 14: 705-709
White SL, Smith WC, Fisher LF, Gatlin CL, Hanasono GK,
Jordan WH. Quantitation of glandular gastric changes in rats
given a proton pump inhibitor for 3 months with emphasis on
sampling scheme selection. Toxicol Pathol 1998; 26: 403-410
Mariani P, Pietroletti R, D’Alessandro MD, Castro M, Lucidi V,
Ceccamea A, Lomanto D, Carlei F, Lezoche E. Changes in the
prostanoid content and the population of endocrine cells in jejunal
biopsies from celiac children. Minerva Pediatr 1990; 42: 131-134
Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J,
Guillemin R. Hypothalamic polypeptide that inhibits the secretion of immunoreactive pituitary growth hormone. Science
1973; 179: 77-79
Kitamura N, Yamada J, Calingasan NY, Yamashita T. Immunocytochemical distribution of endocrine cells in the gastrointestinal tract of the horse. Equine Vet J 1984; 16: 103-107
Zhao R, Wang Y, Chen T. Somatostatin and its secretory cells
in tumor surrounding mucosa in colorectal cancer patients
and its significance. Zhonghua Waike Zazhi 1997; 35: 268-270
Queiroz DM, Mendes EN, Rocha GA, Moura SB, Resende LM,
Barbosa AJ, Coelho LG, Passos MC, Castro LP, Oliveira CA.
Effect of Helicobacter pylori eradication on antral gastrin- and somatostatin-immunoreactive cell density and gastrin and somatostatin concentrations. Scand J Gastroenterol 1993; 28: 858-864
Guyton AC. Secretory functions of the alimentary tract In:
Guyton AC, ed. Textbook of medical physiology. Philadelphia:
WB Saunders 1988: 801-815
Spangeus A, Forsgren S, El-Salhy M. Effect of diabetic state
on co-localization of substance P and serotonin in the gut in
animal models. Histol Histopathol 2001; 16: 393-398
Penissi A, Mariani L, Souto M, Guzman J, Piezzi R. Changes in
gastroduodenal 5-hydroxytryptamine-containing cells induced
by dehydroleucodine. Cells Tissues Organs 2000; 166: 259-266
Solcia E, Usellini L, Buffa R, Rindi G, Villani L, Aguzzi A,
Silini E. Endocrine cells producing regulatory peptides In: Polak
JM, ed. Regulatory peptides. Basel: Birkhäuser 1989: 220-246
Pashankar DS, Israel DM, Jevon GP, Buchan AM. Effect of
long-term omeprazole treatment on antral G and D cells in
children. J Pediatr Gastroenterol Nutr 2001; 33: 537-542
Stave R, Elgjo K, Brandtzaeg P. Quantification of gastrin-producing cells (G cells) and parietal cells in relation to histopathological alterations in resected stomachs from patients with peptic ulcer disease. Scand J Gastroenterol 1978; 13: 747-757
Ku SK, Lee JH, Lee HS, Park KD. The regional distribution
and relative frequency of gastrointestinal endocrine cells in
SHK-1 hairless mice: an immunohistochemical study. Anat
Histol Embryol 2002; 31: 78-84
Assistant Editor Guo SY Edited by Gabbe M

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(9):1324-1332
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BASIC RESEARCH •

A critical role of gastric mucosal ascorbic acid in the progression
of acute gastric mucosal lesions induced by compound 48/80 in rats
Yoshio Kamiya, Yoshiji Ohta, Yoichiro Imai, Tomiyasu Arisawa, Hiroshi Nakano
Yoshio Kamiya, Tomiyasu Arisawa, Hiroshi Nakano, Department
of Internal Medicine, School of Medicine, Fujita Health University,
Toyoake, Aichi 470-1192, Japan
Yoshiji Ohta, Department of Chemistry, School of Medicine, Fujita
Health University, Toyoake, Aichi 470-1192, Japan
Yoichiro Imai, Department of Clinical Biochemistry, Fujita Health
University College, Toyoake, Aichi 470-1192, Japan
Correspondence to: Yoshiji Ohta, Ph.D., Department of
Chemistry, School of Medicine, Fujita Health University, Toyoake,
Aichi 470-1192, Japan. yohta@fujita-hu.ac.jp
Telephone: +81-562-93-2573 Fax: +81-562-93-4593
Received: 2004-07-23 Accepted: 2004-08-31

changes in gastric mucosal total AA, reduced AA, vitamin
E, adherent mucus, NOx, and TBARS concentrations and
MPO activity and serum NOx concentration found at 3 h
after the treatment dose-dependently. The AA administration
to C48/80-treated rats caused further increases in serum
total AA and reduced AA concentrations at 3 h after the
treatment dose-dependently.
CONCLUSION: Gastric mucosal AA plays a critical role in
the progression of C48/80-induced acute gastric mucosal
lesions in rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To study the role of gastric mucosal ascorbic acid
(AA) in the progression of acute gastric mucosal lesions
induced by compound 48/80 (C48/80), a mast cell
degranulator, in rats.
METHODS: C48/80 (0.75 mg/kg) was intraperitoneally
injected to fasted Wistar rats. Oral administration of AA
(10, 50 or 100 mg/kg) was performed 0.5 h after C48/80
treatment. Determinations for gastric mucosal lesion
severity and blood flow, and assays for gastric mucosal
total AA, reduced AA, oxidized AA, vitamin E, thiobarbituric
acid reactive substances (TBARS), adherent mucus, nitrite/
nitrate (NOx), non-protein SH (NPSH), and myeloperoxidase
(MPO), and serum total AA, reduced AA, oxidized AA,
and NO x were conducted 0.5 and 3 h after C48/80
treatment.
RESULTS: Gastric mucosal lesions occurred 0.5 h after
C48/80 treatment and progressed at 3 h. Gastric mucosal
blood flow decreased 0.5 h after C48/80 treatment but
the decrease was recovered at 3 h. Gastric mucosal
total AA, reduced AA, vitamin E, and adherent mucus
concentrations decreased 3 h after C48/80 treatment.
Gastric mucosal oxidized AA concentration remained
unchanged after C48/80 treatment. Gastric mucosal NPSH
concentration decreased 0.5 h after C48/80 treatment,
but the decrease was recovered at 3 h. Gastric mucosal
TBARS concentration and MPO activity increased 0.5 h
after C48/80 treatment and further increased at 3 h.
Serum total AA and reduced AA concentrations increased
0.5 h after C48/80 treatment and further increased at
3 h, while serum oxidized AA concentration increased at
0.5 h. Serum and gastric mucosal NOx concentrations
increased 3 h after C48/80 treatment. AA administration
to C48/80-treated rats at 0.5 h after the treatment
prevented the gastric mucosal lesion progression and the

Key words: Compound 48/80; Ascorbic acid; Non-protein SH;
Vitamin E; Nitric oxide; Lipid peroxidation; Inflammation
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INTRODUCTION
Ascorbic acid (AA), also known as vitamin C, exerts an
antioxidant action both by itself and by interacting with
reduced glutathione (GSH) or vitamin E[1,2]. Ascorbic acid
scavenges reactive oxygen species (ROS) such as superoxide
radical (O2-), hydrogen peroxide (H2O2), hydroxyl radical
(OH·), singlet oxygen, and hypochlorous acid (HOCl), which
is produced from H2O2 and Cl- via myeloperoxidase (MPO)
present in neutrophils, in vitro[3-7]. In addition, AA scavenges
peroxynitrite (ONOO-), a highly reactive nitrogen oxide
species, which is produced by the reaction of O2- and nitric
oxide (NO) in vitro[8-10]. It is known that AA scavenges O2generated by activated NADPH oxidase in neutrophils and
in the hypoxanthine-xanthine oxidase (XO) system in vitro[11-13].
It is also known that AA prevents neutrophil adherence to
endothelium by scavenging ROS derived from activated
neutrophils in vitro[14].
Ekman et al[15, 16] have reported that a single intraarterial
pretreatment with AA reduces gastric bleeding after
hemorrhagic shock and retransfusion in rats and that the
same AA pretreatment prevents gastric mucosal energy
depletion after hemorrhagic shock and gastric mucosal vessel
injury after retransfusion in rats. Huang and Neu[17] have
shown in 5-d starved rats with HCl treatment that the oral
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AA administration during starvation and HCl treatment
protects against gastric damage induced by starvation plus
HCl through attenuation of decreased gastric GSH and
mucus levels and increased gastric lipid peroxide level and
acid back-diffusion. In addition, Pohle et al[18] have shown that
human volunteers who were given aspirin for 3 d of oral AA
administration during aspirin treatment protect themselves
against aspirin-induced gastric damage by preventing
increases in neutrophil infiltration and lipid peroxidation
induced by ROS, the major source of which is probably
activated neutrophils, and decreases in blood flow and
antioxidant defense systems mediated by superoxide
dismutase, glutathione peroxidase, and AA in the gastric
tissue. Thus, administration of AA protects against acute
gastric damage in experimental animals and humans.
However, there is little information on the role of gastric
mucosal AA in the development of acute gastric damage.
Compound 48/80 (C48/80) is known to cause
degranulation of connective tissue mast cells, but not
mucosal mast cells, with release of serotonin and histamine
from the cells[19,20] . We have shown in rats with a single
C48/80 treatment that gastric mucosal lesions develop with
decreases in Se-glutathione peroxidase activity and vitamin
E content and increases in neutrophil infiltration, XO activity,
and lipid peroxide level in the gastric mucosal tissue, and
that gastric mucosal blood flow is reduced with gastric
mucosal lesion formation, while the decreased blood flow
is recovered with the lesion progression and recovery[21] .
We have also shown in rats treated once with C48/80 that
neutrophils infiltrating into the gastric mucosal tissue
participate in gastric mucosal lesion formation and progression,
while the xanthine-XO system in the gastric mucosal tissue
takes part mainly in the lesion progression[22]. Our recent
report has shown in rats treated once with C48/80 that an
increase in the gastric mucosal level of nitrite/nitrate (NOx),
an index of NO production, which is closely associated
with induction of nitric oxide synthase in neutrophils
infiltrating into the gastric mucosa, contributes to the
progression of acute gastric mucosal lesions[23]. Furthermore,
our recent report has shown that the gastric mucosal levels
of total AA and reduced AA decrease during the progression
of C48/80-induced acute gastric mucosal lesions in rats
although no change in the gastric mucosal level of oxidized
AA, i.e., dehydroascorbic acid, occurs during the lesion
progression[24]. Thus, gastric mucosal AA is depleted with
the progression of C48/80-induced acute gastric mucosal
lesions in rats. However, there is no information on whether
gastric mucosal AA plays a critical role in the progression
of C48/80-induced acute gastric mucosal lesions.
In the present study, therefore, we attempted to clarify
the role of gastric mucosal AA in the progression of C48/80induced acute gastric mucosal lesions in rats, namely, we
investigated the effect of AA administered orally after the
occurrence of gastric mucosal lesions on the progression
of the lesions and the changes in the gastric mucosal levels
of total AA, reduced AA, oxidized AA, vitamin E, nonprotein SH (NPSH), adherent mucus, thiobarbituric acid
reactive substances (TBARS), an index of lipid peroxidation,
NOx and the activity of MPO, an index of tissue neutrophil
infiltration[25], with gastric mucosal lesion progression in
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C48/80-treated rats. In addition, the changes in the serum levels
of total AA, reduced AA, oxidized AA, and NOx with gastric
mucosal lesion progression were examined in the C48/80treated rats with and without post-AA administration.

MATERIALS AND METHODS
Materials
Compound 48/80 and 3, 3’,5, 5’-tetramethylbenzidine
were purchased from Sigma Chemicals (St. Louis, MO).
L-AA (reduced form), ,’-dipyridyl, disodium octyl
sulfosuccinate (DSS), 5,5’-dithiobis (2-nitobenzoic acid)
(DTNB), dithiothreitol (DTT), EDTA, N-ethylmaleimide
(NEM), GSH, sodium dodecyl sulfate, RRR--tocopherol
(-Toc.), RRR--tocopherol, trichloroacetic acid (TCA), and
other chemicals were purchased from Wako Pure Chemical
Ind., Ltd (Osaka, Japan). All chemicals were used without
further purification.
Animals
Male Wistar rats aged 6 wk were purchased from Japan
SLC Co. (Hamamatsu, Japan). The animals were housed in
cages in a ventilated animal room with controlled temperature
(23±2 ℃) and relative humidity (55±5%) with 12 h of
light (7:00 to 19:00). The animals were maintained with
free access to rat chow, Oriental MF (Oriental Yeast Co.,
Tokyo, Japan) and tap water ad libitum for one week. All
animals received humane care in compliance with Guidelines
for the Management of Laboratory Animals in Fujita Health
University.
Induction and observation of gastric mucosal lesions
Rats (7 wk old) fasted for 24 h received a single intraperitoneal
injection of compound 48/80 (0.75 mg/kg body weight),
dissolved in distilled water, as described previously[21-24]. The
control rats received an intraperitoneal injection of an equal
volume of distilled water. All animals were maintained with
free access to water and without food during the experiment.
The animals were sacrificed under ether anesthesia 0.5 or
3 h after compound 48/80 injection. The stomachs were
removed, inflated with 10 mL of 0.9% NaCl, and put into
40 g/L formaldehyde formalin for 10 min. The stomachs
were then opened along the greater curvature and examined
for lesions in the glandular part under a dissecting microscope
(×10). The severity of gastric mucosal lesions was estimated
using the index of the following eight grades of lesions as
described in our previous reports[21-24]: grade 0, no lesion
(normal); grade I, edema only; grade II, damaged area of
1-10 mm2; grade III, damaged area of 11-20 mm2; grade
IV, damaged area of 21-30 mm2; grade V, damaged area
of 31-40 mm2; grade VI, damaged area of 41-50 mm2;
grade VII, damaged area of >51 mm2.
Administration of AA
Rats treated with and without C48/80 received a single
oral administration of AA dissolved in distilled water (10,
50 or 100 mg/kg body weight) or distilled water at a dose
of 1 mL/100 g body weight at 0.5 h after the treatment.
Sample collection and biochemical determinations
Rats with and without C48/80 treatment were sacrificed
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under ether anesthesia at 0.5 or 3 h after the treatment at
which time blood was collected from the inferior vena
cava. Serum was obtained from the collected blood by
centrifugation. Immediately after sacrifice, stomachs were
isolated and gastric mucosal tissues were collected from the
isolated stomachs. The collected gastric mucosal tissues and
serum were stored at -80 ℃ until use. Gastric mucosal
tissue was homogenized in 9 volumes of ice-cold 0.15 mol/L
KCl containing 1 mmol/L EDTA on ice using a microhomogenizer M-100 (Tokai-Irika Co., Tokyo, Japan). This
homogenate was used for the assays of AA, NPSH, and
TBARS. Total AA, reduced AA, and oxidized AA in gastric
mucosal tissues and serum were assayed by the method of
Zannoni et al [26]. and Okamura [27] as follows. For the
determination of total AA, 0.3 mL of 10% gastric mucosal
homogenate or serum was incubated with 0.1 mL of
10 mmol/L DTT at 37 ℃ for 30 min to convert all AA in
an oxidized form in the homogenate or serum to its reduced
form and then the excess DTT was removed with 0.1 mL
of 0.5% NEM. An aliquot of the supernatant obtained
after deproteinization with 0.5 mL of ice-cold 10% TCA
was used for the assay of the resultant reduced AA plus the
original reduced AA. For the determination of reduced AA,
0.3 mL of 10% gastric mucosal homogenate or serum was
mixed with 0.2 mL of a solution of 10 mmol/L DTT-0.5%
NEM. An aliquot of the supernatant obtained after
deproteinization with 0.5 mL of ice-cold 10% TCA was
used for the assay of reduced AA. Reduced AA in each
sample was measured by the ,’-dipyridyl method. The
concentration of reduced AA was determined using the
standard curve of authentic L-AA in a reduced form.
The concentration of oxidized AA in gastric mucosal
homogenates or serum was estimated from the difference
between the concentrations of total AA and reduced AA
determined. Gastric mucosal NPSH was assayed by the
DTNB method of Sedlak and Lindsay[28] using GSH as a
standard. Gastric mucosal TBARS was spectrophotometrically
assayed by the method of Ohkawa et al [29] using the
thiobarbituric acid reaction except that 1.0 mmol/L EDTA
was added to the reaction mixture. The amount of gastric
mucosal TBARS was expressed as that of malondialdehyde
(MDA) equivalents. Gastric mucosal vitamin E was assayed
by the method of Mitton and Trevithick[30] using highperfor mance liquid chromatography (HPLC) with
electrochemical detection with some modifications as
follows. Gastric mucosal tissue (50 mg) was mixed with
500 L of ice cold phosphate-buffered saline containing
1 mmol/L EDTA (pH 7.0), 50 L of butylated hydroxytoluene
dissolved in ethanol, and 500 L of 0.1 mol/L sodium
dodecyl sulfate, and then homogenized on ice using a microhomogenizer M-100. The homogenate was mixed with
2.0 mL of a mixture of acetonitrile and acetone (1:1 v/v)
and 100 L of 10 mol/L RRR--tocopherol used as an
internal standard in a glass test tube with a cup and then
shaken vigorously for 5 min using a shaker model SA-31
(Yamato Scientific Co., Tokyo, Japan). After shaking,
4.0 mL of hexane was added to the mixture. Once stirred
on Vortex mixer vigorously, the mixture containing hexane
was centrifuged at 2 000 r/min for 5 min. The layer of
hexane was carefully collected in a small glass test tube and
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then evaporated at 50 ℃ under nitrogen gas stream. After
evaporation, the residue was dissolved in 500 L of a mixture
of ethanol and methanol (1:1 v/v). The HPLC system
consisted of an EiCOM Model EP-300 HPLC pump
system (EiCOM Co., Kyoto, Japan), an EiCOM ECD-300
electrochemical detector with grassy carbon electrode, an
EiCOM ATC-300 column oven, an EiCOM SC-5ODS
column (3.0 mm ID 150 cm), and a Chromatocorder 21
data processor (System Instrument Co., Hachioji, Japan).
The analytical condition was as follows: the mobile phase
was a mixture of methanol, acetic acid, and H2O (95:3.4:
1.6 v/v) (pH 4.95) and it was continuously degassed with
an EiCOM DG-300 degasser (EiCOM Co., Kyoto, Japan).
The temperature of the column oven was 30 ℃. The flow
rate was 0.75 mL/min. The electrode potential was set at
800 mV (vs Ag/AgCl reference electrode). The injection
volume of each sample was 10 L. The amount of vitamin
E in gastric mucosal tissues was expressed as that of -Toc.
Gastric adherent mucus was assayed by the method of
Kitagawa et al[31] as follows. The removed stomach was cut
open along with the greater curvature and rinsed with 10 mL
of ice-cold 0.25 mol/L sucrose. Then, 50 mm2 (approx.
8 mm in diameter) of the glandular portion of the stomach
was excised with a scalpel and the excised part was weighed.
The excised stomach was soaked in 2 mL of 0.1% Alcian
blue, which was dissolved in 0.16 mol/L sucrose buffered
with 0.05 mol/L sodium acetate (pH 5.8), for 2 h. Uncomplexed
dye was removed by two successive washes in 2 mL of
0.25 mol/L sucrose for 15 and 45 min, and then dye
complex with mucus was extracted with 30% DSS for 2 h.
After centrifugation (3 000 r/min for 10 min), the optical
density of the solution of Alcian blue extracted with DSS
was read at 620 nm and the concentration of the extracted
Alcian blue was calculated in comparison with a calibration
curve obtained from known concentrations of Alcian blue
solutions. The concentration of gastric mucosal adherent
mucus was expressed as that of Alcian blue adhered to the
gastric mucosal surface (g/g tissue). NOx (nitrite/nitrate)
in gastric mucosal tissues or serum was assayed by the Griess
reaction-dependent method of Green et al[32]. For this assay,
gastric mucosal tissue was homogenized in 9 volumes of
ice-cold 50 mmol/L Tris-HCl buffer (pH 7.5) using a microhomogenizer M-100. The homogenate was sonicated two
times on ice for 30 s using a Handy Sonic model UR-20P
(Tomy Seiko Co., Tokyo, Japan). The sonicated homogenate
was centrifuged at 10 000 g for 20 min at 4 ℃ and the
resultant supernatant was filtrated at 4 ℃ under centrifugation
using a membrane filter Ultrafree-MC (Millipore Co.,
Bedford, MA, USA). Serum was also filtrated using an
Ultrafree-MC. NOx in the filtrate obtained from gastric
mucosal tissues or serum was determined using a nitric oxide
assay kit (Roche Diagnostics Co., Tokyo, Japan). Gastric
mucosal MPO was assayed by the method of Suzuki et al[33].
For this enzyme assay, the supernatant fraction of the
sonicated gastric mucosal homogenate, which was prepared
for the assay of gastric mucosal NOx, was dialyzed against
100 volumes of 50 mmol/L Tris-HCl buffer (pH 7.5) at
4 ℃ for 24 h. MPO activity in the dialyzed supernatant
was assessed by measuring the H2O2-dependent oxidation
of tetramethylbenzidine at 37 ℃. One unit (U) of this
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severity of mucosal lesions were carried out using the
Kruskal-Wallis test. Values of significance were set at P<0.05
for both tests.

enzyme was defined as the amount of enzyme causing a
change in absorbance of 1.0 per min at 655 nm.
Measurement of gastric mucosal blood flow
Gastric mucosal blood flow was measured using a laser
Doppler flowmeter, Laser Flow BRL-100 (Bio Research
Center Co., Nagoya), as described in our previous reports[21-24].
Rats used for this measurement were anesthetized with
pentobarbital sodium 10 min before the onset of the
measurement and the abdomen was opened on an operation
mat. The mat was heated at 37 ℃ during the operation and
blood flow measurement. The laser probe was attached to
the serosal side of the corpus mucosa by aid of a cyanoacrylatetyped instantaneous adhesive, Aron Alpha (Toagosei Co.,
Tokyo), and the blood flow changes were monitored on a
recorder for at least 5 min after the onset of the measurement.
Gastric mucosal blood flow in C48/80-treated rats was
expressed as a relative percentage toward the mean value
of gastric mucosal blood flow determined in control rats
without C48/80 treatment. The values of gastric mucosal
blood flow measured in C48/80-untreated rats were
constant within at least 5% of standard deviation.

RESULTS
Effect of post-AA administration on gastric mucosal lesion
development in C48/80-treated rats
As shown in Table 1, C48/80-treated rats showed apparent
gastric mucosal lesions at 0.5 h after the treatment and
progressed gastric mucosal lesions at 3 h when the severity
of gastric mucosal lesions was estimated using the lesion
gradation. Untreated control rats showed no gastric mucosal
lesion during the experiment period (data not shown). When
AA (10, 50 or 100 mg/kg) was orally administered to
C48/80-treated rats at 0.5 h after the treatment, the severity
of gastric mucosal lesions found at 3 h after the treatment
was significantly attenuated by AA administered at a dose
of 50 or 100 mg/kg and this attenuating effect was dosedependent (Table 1). In addition, the severity of gastric
mucosal lesions in the C48/80-treated group given AA at a
dose of 100 mg/kg was not significantly different from
that found at 0.5 h after the treatment (Table 1).

Statistical analysis
Results of biochemical determinations in the gastric
mucosal tissue and serum were expressed as mean±SD.
The results were analyzed by computerized statistical package
(StatView). Each mean value was compared by one-way
analysis of variance (one-way ANOVA) and Fisher’s
protected least significance difference (PLSD) for multiple
comparisons as the post hoc test. Statistical analyses of the

Effect of post-AA administration on gastric mucosal AA levels
in C48/80-treated rats
When gastric mucosal total AA, reduced AA, and oxidized
AA concentrations in C48/80-treated and untreated control
rats were determined at 0.5 and 3 h after the treatment, the
results shown in Figure 1 were obtained. There were no
significant differences in the gastric mucosal concentrations

Table 1 Effect of post-AA administration on gastric mucosal lesion development in rats with a single C48/80 treatment.
Time after C48/80
treatment and groups

Lesion index (%)

P
(vs C48/80 at 3 h)

0

I

II

III

IV

V

VI

0.5 h C48/80

0

20

50

30

0

0

0

0

¯

3 h C48/80

0

0

0

0

0

20

40

40

¯

P
(vs C48/80 at 0.5 h)

VII
¯

0.05

+ AA (10 mg/kg)

0

0

0

0

10

30

50

10

NS

0.05

+ AA (50 mg/kg)
+ AA (100 mg/kg)

0
0

0
0

0
40

30
50

40
10

30
0

0
0

0
0

0.05
0.05

0.05
NS

Rats received oral administration of AA (10, 50 or 100 mg/kg) or vehicle at 0.5 h after a single intraperitoneal injection of compound 48/80 80.75 mg/kg) and the
severity of gastric mucosal lesions was estimated at 0.5 and 3 h after the compound 48/80 injection. The number of rats used in each group was 10. NS
indicates not significant.

Period after C48/80 treatment
0.5 h

1.5 Total

a

a
c

1.0
a
0.5
0.0

B

C

3h

a a

c
a

AA (mol/g tissue)

A

1.5 Reduced
1.0

a

a
c
a a a

c

1.0

Oxidized

a
0.5

0.5
0.0

0.0
C48/80

- +

- -

AA (mg/kg)

-

0 10 50 100 0 10 50 100

-

-

- + + + +

Figure 1 Effect of post-AA administration on gastric mucosal total AA (A), reduced AA (B), and oxidized AA (C) concentrations in C48/80treated rats. mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without
C48/80 treatment; cP<0.05 vs rats treated with C48/80 alone.
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of total AA and reduced AA between the C48/80-treated
and untreated control rats at 0.5 h after the treatment,
although gastric mucosal oxidized AA concentration in the
C48/80-treated group tends to be higher than that in the
control group. The C48/80-treated group had significantly
lower gastric mucosal total AA and reduced AA concentrations
than the control group at 3 h after the treatment. Gastric
mucosal total AA and reduced AA concentrations in the
C48/80-treated group were 54.7 and 50.0% respectively
of those in the control group. There was no difference in
gastric mucosal oxidized AA concentration between the
C48/80-treated and control groups at 3 h after the treatment.
When AA (10, 50 or 100 mg/kg) was orally administered
to C48/80-treated rats at 0.5 h after the treatment, the
decreased gastric mucosal total AA and reduced AA
concentrations found at 3 h after the treatment were
significantly attenuated by AA administered at a dose of 50
or 100 mg/kg (but not 10 mg/kg) and this attenuating effect
was dose-dependent. Gastric mucosal total AA and reduced
AA concentrations in the C48/80-treated group given AA
at a dose of 100 mg/kg were 73.5 and 71.4%, respectively
of those in the untreated control group (Figures 1A and B).
However, the post-AA administration did not affect the
gastric mucosal oxidized AA concentration found at 3 h
after C48/80 treatment (Figure 1C). In C48/80-untreated
rats, AA administered at a dose of 50 or 100 mg/kg (but not
10 mg/kg) in the same manner caused significant increases
in gastric mucosal total AA and reduced AA concentrations
without affecting gastric mucosal oxidized AA concentration
and these increases were dose-dependent (Figure 1).
Effect of post-AA administration on serum AA levels in 48/80treated rats
When serum total AA, reduced AA, and oxidized AA
concentrations in the C48/80-treated and untreated control
groups were determined at 0.5 and 3 h after the treatment,
the results shown in Figure 2 were obtained. The C48/80treated group contained significantly higher serum total AA,
reduced AA, and oxidized AA concentrations than the
control group at 0.5 h after the treatment. Further increases
in serum total AA and reduced AA concentrations in the
C48/80-treated group occurred 3 h after the treatment.
However, there was no significant difference in serum
oxidized AA concentration between the C48/80-treated and
untreated control groups at 3 h after the treatment. When
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AA (10, 50 or 100 mg/kg) was orally administered to
C48/80-treated rats at 0.5 h after the treatment, the increased
total AA and reduced AA concentrations found at 3 h after
the treatment were further increased significantly by AA
administered at a dose of 50 or 100 mg/kg (but not 10 mg/kg)
and these increases were dose-dependent (Figures 2A and B).
However, the post-AA administration did not affect the
serum oxidized AA concentration found at 3 h after C48/80
treatment (Figure 2C). In C48/80-untreated rats, AA
administered at a dose of 50 or 100 mg/kg (but not 10 mg/kg)
in the same manner caused significant increases in serum
total AA and reduced AA concentrations without affecting
serum oxidized AA concentration and these increases were
dose-dependent (Figure 2).
Effect of post-AA administration on gastric mucosal vitamin
E, NPSH, and adherent mucus levels in C48/80-treated rats
As shown in Figures 3A and C, there were no differences in
gastric mucosal vitamin E and adherent mucus concentrations
between C48/80-treated and untreated control rats at 0.5 h
after the treatment, but the C48/80-treated rats had significantly
lower gastric mucosal vitamin E and adherent mucus
concentrations than the control rats at 3 h. When AA (10,
50 or 100 mg/kg) was orally administered to C48/80treated rats at 0.5 h after the treatment, the decreased gastric
mucosal vitamin E and adherent mucus concentrations
found at 3 h after the treatment were significantly attenuated
by AA administered at a dose of 50 or 100 mg/kg (but not
10 mg/kg), and these attenuating effects were dose-dependent
(Figures 3A and C). As shown in Figure 3B, C48/80-treated
rats had significantly lower gastric mucosal NPSH
concentration than untreated control rats at 0.5 h after the
treatment, but there was no difference in the concentration
between the two groups at 3 h. Oral administration of AA
(10, 50 or 100 mg/kg) to C48/80-treated rats at 0.5 h after
the treatment did not affect the concentration of gastric
mucosal NPSH found at 3 h after the treatment (Figure 3B).
In C48/80-untreated rats, AA administered at a dose of
10, 50 or 100 mg/kg in the same manner had no effect on
the gastric mucosal vitamin E, NPSH, and adherent mucus
concentrations (Figure 3).
Effect of post-AA administration on gastric mucosal TBARS
level and MPO activity in C48/80-treated rats
As shown in Figure 4, gastric mucosal TBARS concentration

Period after C48/80 treatment

0.5 h

200

Total
a

100
0

c
c a
a
a
a a
a

B

3h

AA (nmol/mL)

A

200
100

Reduced
a

C

c
c a
a
a
a a
a

100 Oxidized
50

0

a

0
C48/80

- +

AA (mg/kg)

-

-

- - - - + + + +
0 10 50 100 0 10 50 100

Figure 2 Effect of post-AA administration on serum total AA (A), reduced AA (B), and oxidized AA (C) concentrations in C48/80-treated rats.
Mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). a P<0.05 vs corresponding control rats without C48/80
treatment; cP<0.05 vs rats treated with C48/80 alone.
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Period after C48/80 treatment

B

C

3h

100
c
a a

50

a

c
a

5.0

Adherent mucus
(mg/g tissue)

0.5 h

NPSH
(nmoL/g tissue)

Vitamin E
(nmoL -Toc./g tissue)

A

1329

a
2.5

0.0

0

4

2
a a

c c
a a

0

C48/80

- +

-

AA (mg/kg)

-

0 10 50 100 0 10 50 100

-

-

-

- + + + +

Figure 3 Effect of post-AA administration on gastric mucosal vitamin E (A), NPSH (B), and adherent mucus (C) concentrations in C48/80treated rats. mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). aP<0.05 vs corresponding control rats without
C48/80 treatment; cP<0.05 vs rats treated with C48/80 alone.

Period after C48/80 treatment

MPO
(U/g tissue)

20

0.5 h

3h

B
a

a

c

TBARS
(nmoL MDA/g tissue)

A

c

a

a
10

0

a

60

a

c
a

a
30

C48/80

a

0

AA (mg/kg)

c
a

a

-

+

-

-

-

-

+

+

+

+

-

-

0

10

50

100

0

10

50

100

Figure 4 Effect of post-AA administration on gastric mucosal TBARS concentration (A) and MPO activity (B) in C48/80-treated rats. mean±SD
(n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). a P<0.05 vs corresponding control rats without C48/80 treatment;
c
P<0.05 vs rats treated with C48/80 alone.

Period after C48/80 treatment

NOX
(moL/g tissue)

300
200

0.5 h

3h
a

B
a

c
a

a

40

a

c
a

100

NOX (nmol/L)

A

a

c

20

0

0
C48/80
AA (mg/kg)

-

+
-

0

10

-

-

50 100

+

+

0

10

+

+

50 100

Figure 5 Effect of post-AA administration on NOx concentrations in the gastric mucosal tissue (A) and serum (B) of C48/80-treated rats.
mean±SD (n = 5 for C48/80-untreated groups; n = 10 for C48/80-treated groups). a P<0.05 vs corresponding control rats without C48/80
treatment; cP<0.05 vs rats treated with C48/80 alone.

and MPO activity in C48/80-treated rats were significantly
higher than those in untreated control rats at 0.5 h after the
treatment and the C48/80-treated rats showed further
increases in gastric mucosal TBARS concentration and
MPO activity at 3 h after the treatment. When AA (10, 50
or 100 mg/kg) was orally administered to C48/80-treated
rats at 0.5 h after the treatment, the increased gastric
mucosal TBARS concentration and MPO activity found at
3 h after the treatment were significantly attenuated by
AA administered at a dose of 50 or 100 mg/kg (but not
10 mg/kg), and these attenuating effects were dose-dependent
(Figure 4). In C48/80-untreated rats, AA administered at a
dose of 10, 50 or 100 mg/kg in the same manner had no
effect on the gastric mucosal MPO activity, but AA
administered at a dose of 100 mg/kg (but not 10 or

50 mg/kg) reduced the gastric mucosal TBARS concentration
significantly (Figure 4).
Effect of post-AA administration on gastric mucosal and serum
NOx levels in C48/80-treated rats
As shown in Figure 5, there were no significant differences
in gastric mucosal and serum NOx concentrations between
C48/80-treated and untreated control rats at 0.5 h after
the treatment, but the C48/80-treated group had significantly
higher gastric mucosal and serum NOx concentrations than
the control group at 3 h. When AA (10, 50 or 100 mg/kg)
was orally administered to C48/80-treated rats at 0.5 h
after the treatment, the increased gastric mucosal NOx
concentration found at 3 h after the treatment was
significantly attenuated by AA administered at a dose of 50
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or 100 mg/kg (but not 10 mg/kg), and this attenuating effect
was dose-dependent (Figure 5A). The post-administration
of AA at a dose of 100 mg/kg (but not 10 or 50 mg/kg)
attenuated the increased serum NOx concentration found
at 3 h after C48/80 treatment significantly (Figure 5B). In
C48/80-untreated rats, AA administered at a dose of 10,
50 or 100 mg/kg in the same manner had no effect on the
gastric mucosal and serum NOx concentrations (Figure 5).
Effect of post-AA administration on gastric mucosal blood
flow in C48/80-treated rats
As shown in Figure 6, C48/80-treated rats had about 25%
of gastric blood flow in untreated control rats at 0.5 h after
the treatment, but the decreased gastric blood flow in the
C48/80-treated group was returned to about 75% of gastric
mucosal blood flow in the control group at 3 h. Oral
administration of AA (10, 50 or 100 mg/kg) to C48/80treated rats at 0.5 h after the treatment did not affect the
gastric mucosal blood flow found at 3 h after the treatment
(Figure 6). Oral administration of AA to C48/80-untreated
rats in the same manner did not change the gastric mucosal
blood flow (Figure 6).
Period after C48/80 treatment

Blood flow (%)

0.5 h

3h

100

a

50

a

a

+ +

+

a

a

0

C48/80
AA (mg/kg)

-

+
-

-

-

-

-

+

0 10 50 100 0

10 50 100

Figure 6 Effect of post-AA administration on gastric mucosal blood
flow in C48/80-treated rats. Mean±SD (n = 5 for C48/80-untreated
groups; n = 10 for C48/80-treated groups). a P<0.05 vs corresponding control rats without C48/80 treatment.

DISCUSSION
The model of acute gastric mucosal lesions in rats treated
once with C48/80, a mast cell degranulator, is important
for clarifying the roles of ischemia-reperfusion, oxidative
stress, and inflammation in the pathogenesis of gastritis in
humans[21-24].
In the present study, decreases in gastric mucosal total
AA and reduced AA concentrations occurred at a
progressed stage of acute gastric mucosal lesions in rats
with a single C48/80 treatment, although increases in the
serum total AA and reduced AA concentrations were
observed at the same time point, as reported previously[24].
Oral administration of AA (10, 50 or 100 mg/kg) to
C48/80-treated rats at an early stage of acute gastric
mucosal lesions was found to attenuate the decreases in
gastric mucosal total AA and reduced AA concentrations
found at a progressed stage of the lesions by causing further
increases in serum total AA and reduced AA concentrations
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in a dose-dependent manner. This oral administration of
AA to C48/80-treated rats at an early stage of acute gastric
mucosal lesions was found to reduce the severity of gastric
mucosal lesions found at a progressed stage of the lesions
in a dose-dependent manner. Thus, replenishment of
depleted AA in the gastric mucosal tissue of rats treated
once with C48/80 by oral administration of AA resulted in
the prevention of the progression of acute gastric mucosal
lesions. This finding suggests that gastric mucosal AA plays
a critical role in the progression of C48/80-induced acute
gastric mucosal lesions.
It has been shown that rats treated once with C48/80
have a marked decrease in gastric mucosal blood flow at an
early stage of acute gastric mucosal lesions and a partial
recovery of the decreased gastric mucosal blood flow at a
progressed stage of the lesions[21,22,34]. This ischemia-reperfusionlike change of gastric mucosal blood flow is caused by
serotonin and histamine released from the degranulated
connective tissue mast cells of C48/80-treated rats[21,34]. In
the present study, no dose of AA administered to C48/80treated rats at an early stage of gastric mucosal lesions
affected the recovery of gastric mucosal blood flow found
at a progressed stage of the lesions. In addition, there was
no change in gastric mucosal blood flow in normal rats
given AA. It is known that AA does not inhibit C48/80induced histamine release from isolated rat peritoneal mast
cells[35]. It is also known that the release of serotonin and
histamine from degranulated mast cells in rats treated once
with C48/80 (0.75 mg/kg) reaches a peak around 0.5 h
after the treatment[21,36]. Therefore, these findings indicate
that gastric mucosal AA has no effect on the change in
gastric mucosal blood flow associated with serotonin and
histamine released from degranulated mast cells in rats
treated once with C48/80.
We have shown in rats treated once with C48/80 that
gastric mucosal Se-glutathione peroxidase activity and
vitamin E level decrease at a progressed stage of gastric
mucosal lesions, while gastric mucosal neutrophil infiltration,
XO activity, and lipid peroxide level begin to increase at an
early stage of the lesions and further increase at a progressed
stage of the lesions[21,22]. Vitamin E functions as a chainbreaking antioxidant for lipid peroxidation in cell membranes
and also as a scavenger of ROS[37]. Lipid peroxidation occurs
via ROS generated not only by the xanthine-XO system
but also by activated NADPH oxidase in neutrophils[38,39].
MPO present in neutrophils mediates lipid peroxidation
in the presence of H2O2 and halide ions[40] . AA not only
scavenges ROS such as O2-, H2O2, OH, singlet oxygen, and
HOCl, but also supports the chain-breaking antioxidant
action of vitamin E by reducing vitamin E radical to vitamin
E at the lipid/aqueous interface[2-7]. In the present study,
oral administration of AA (10, 50 or 100 mg/kg) to C48/80treated rats at an early stage of acute gastric mucosal lesions
could attenuate the increased gastric mucosal TBARS
concentration, an index of lipid peroxidation, and the
decreased gastric mucosal vitamin E concentration found
at a progressed stage of the lesions in a dose-dependent
manner. Rat gastric mucosal tissues contain a large amount
of NPSH, a large part of which is GSH[41]. GSH converts
oxidized AA to reduced AA in a non-enzymatic manner or
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via the enzyme-dependent AA recycling system, which
contributes to the antioxidant action of AA[1]. In the present
study, gastric mucosal NPSH concentration in rats treated
once with C48/80 decreased at an early stage of acute
gastric mucosal lesions, but the decreased NPSH
concentration returned to the level in C48/80-untreated rats
at a progressed stage of the lesions, as reported previously[21].
Oral administration of AA (10, 50 or 100 mg/kg) to the
C48/80-treated rats at an early stage of acute gastric
mucosal lesions did not affect the gastric mucosal NPSH
concentration found at a progressed stage of the lesions. In
addition, the same AA administration had no effect on gastric
mucosal NPSH level in C48/80-untreated rats. Thus, there
is little possibility that GSH-dependent AA recycling in the
gastric mucosal tissue of C48/80-treated rats is impaired
at a progressed stage of acute gastric mucosal lesions. Gastric
mucus plays a critical role in the primary defense of the
gastric mucosa and provides a protective barrier in the gastric
epithelium[42]. It is known that gastric mucin interacts with
ROS, especially OH, in vitro[43]. In the present study, C48/80treated rats showed a marked decrease in gastric adherent
mucus concentration at a progressed stage of acute gastric
mucosal lesions, as reported previously[44]. Oral administration
of AA (10, 50 or 100 mg/kg) at an early stage of gastric
mucosal lesions attenuated this decrease in gastric adherent
mucus concentration in a dose-dependent manner. These
findings indicate that gastric mucosal AA play a very
important role in gastric mucosal antioxidant defense system
in rats treated once with C48/80.
AA can prevent the adherence of neutrophils to
endothelial cells by scavenging ROS derived from activated
neutrophils in vitro [14] . Kearns et al [45,46] have shown that
orally administered vitamin C attenuates acute ischemiareperfusion injury in the lung or skeletal muscle of rats by
inhibiting neutrophil infiltration into the respective tissues
and neutrophil respiratory burst activity. In the present study,
MPO activity, an index of tissue neutrophil infiltration[25],
in the gastric mucosal tissue of rats treated once with C48/80
increased at an early stage of acute gastric mucosal lesions
and further increased at a progressed stage of the lesions,
as reported previously[21-23,44] . Oral administration of AA
(10, 50 or 100 mg/kg) to the C48/80-treated rats at an early
stage of acute gastric mucosal lesions could attenuate the
increased gastric mucosal MPO activity found at a progressed
stage of the lesions in a dose-dependent manner. The
C48/80-treated rats with oral AA administration showed
further increases in serum total AA and reduced AA
concentrations, as described above. AA does not inhibit
intracellular MPO activity in neutrophils[11]. Therefore, it is
suggested that orally administered AA prevents neutrophil
infiltration into the gastric mucosal tissue of C48/80-treated
rats by replenishment of depleted gastric mucosal AA, rather
than by enhancement of serum AA level. This may allow
us to think that gastric mucosal AA itself plays an important
role in neutrophil infiltration into the gastric mucosal tissue
of rats treated once with C48/80.
We have shown in rats treated once with C48/80 that
increase in NOx level in gastric mucosal tissue occurs with
a concomitant increase in NOx level in serum and that this
NO production in gastric mucosal tissue is closely associated
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with induction of nitric oxide synthase in neutrophils
infiltrating into the gastric mucosal tissue and contributes
to the progression of acute gastric mucosal lesions[23]. In
the present study, oral administration of AA (10, 50 or
100 mg/kg) to rats with a single C48/80 treatment at an
early stage of acute gastric mucosal lesions attenuated the
increases in gastric mucosal and serum NOx concentrations
in a dose-dependent manner. These results further show
that gastric mucosal AA plays an important role in neutrophil
infiltration into the gastric mucosal tissue of rats treated
once with C48/80. AA is not known to scavenge NO itself.
However, AA scavenges ONOO-, which is produced by
the reaction of O2- and NO in vitro[8-10]. It was reported that
ONOO - participates in lipid peroxidation induced by
activated neutrophils[47] and is involved in lipid peroxidation
induced by NO in the gastric mucosal tissue of rats with
local intra-arterial infusion of NO donors[48] . Therefore,
these findings suggest that gastric mucosal AA plays an
important role in NO-induced lipid peroxidation in the
gastric mucosal tissue of rats treated once with C48/80.
In conclusion, the results of the present study indicate
that gastric mucosal AA plays a critical role in the progression
of compound 48/80-induced acute gastric mucosal lesions
in rats through its antioxidant and anti-inflammatory actions.
However, further investigation is needed to clarify the exact
role of gastric mucosal AA in the progression of C48/80induced acute gastric mucosal lesions.
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Abstract
AIM: To evaluate the genetic and epigenetic inactivation
mechanism of the RASSF1A tumor suppressor gene at
3p21.3 in extrahepatic cholangiocarcinoma.
METHODS: RT-PCR was used to investigate the
transcriptional expressing and re-expression of RASSF1A.
RASSF1A mutation was analyzed with SSCP and selective
sequencing. PCR was performed to detect the loss of
heterozygosity (LOH) at the region of chromosome 3p21.3.
Genomic DNA were modificated bisulfite and the frequency
of methylation of CpG islands in RASSF1A promoter were
evaluated by methylation specific PCR (MS-PCR).
RESULTS: In all 48 samples and one cell lines of
extrahepatic cholangiocarcinoma, the RASSF1A mutation
is rare (6.12%, 3/49), 33 samples (68.75%) and QBC-939
cell lines (2 = 14.270, P = 0.001<0.01) showed RASSF1A
express inactivation with LOH at microsatellite loci
D3S4604. Among these 33 samples and QBC-939, 28 of
33 (84.85%) tumor samples and 1 cell lines were methylated
for majority of 16 CpGs, the average frequency is 73.42%.
CONCLUSION: The data we present suggest that
RASSF1A which we have been searching for at 3p21.3
may be one of the key tumor suppressor gene and play
an important role in the pathogenesis of extrahepatic
cholangiocarcinoma, and the promoter methylation and
allelic loss are the major mechanism for inactivation of
RASSF1A.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Extrahepatic cholangiocarcinoma accounts for about 1%
of adult malignant tumor[1], its mortality has been increased
in a global worldwide over the past few decades[2] and the
prognosis is poor[3,4], but its pathogenic mechanisms remains
unknown. Recently, molecular and cytogenetic studies have
been contributed significantly to identify the genetic and
epigenetic changes associated with this cancer[5,6]. Genomewide studies by alleotyping and CGH have demonstrated
high frequencies of genetic abnormalities on 1q, 3q, 8q, 15q,
17q, and on 3p, 9p, 17p, 21p, loss of heterozygosity (LOH)
of 3p was displayed in 60-70% and in 45% of precancerous
lesions in extrahepatic cholangiocarcinoma[7]. These findings
suggested that inactivation of tumor suppressor gene(s) on
3p is critical in the development of extrahepatic
cholangiocarcinoma.
Deletion mapping and functional studies have targeted
the extrahepatic cholangiocarcinoma-related tumor
suppressor gene to a region at 3p21.3[8]. Dammann et al[9]
have isolated a RAS association domain family protein,
RASSF1, which is located in the 120-kb region of minimal
homozygous deletion at 3p21.3 in lung cancer in 2000. They
demonstrated that one of the major transcript of this gene,
RASSF1A, is frequently inactivated by the promoter
hypermethylation. Re-expression of the gene in lung cancer
cell lines suppressed the malignant phenotype. These results
indicated that the LOH from chromosome 3p21.3 and CpG
island methylation of RASSF1A is one of the common
and earliest identified events in the pathogenesis of
carcinoma which first be found in lung cancer, but limited
to lung tumors, other studies showed which occurred in
nasopharyngeal[10], RCC[11] , prostate cancer [12] and so on.
In this study, we investigated the methylation status,
expression, and mutation of RASSF1A in extrahepatic
cholangiocarcinoma.
MATERIALS AND METHODS
Tissues and cell line
A total of 48 samples of tumor (34 adenocarcinoma, 9
squamous and 5 adenosquamous) and 12 adjacent noncancerous tissues were collected from extrahepatic
cholangiocarcinoma patients during surgery at Wuhan Tongji
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Hospital and Cancer Hospital of Shandong province from
January to December of 2003. Pathological classification
was carried out and the stage of TNM was determined
according to criteria outlined by the WHO (TNM stages:
20 samples in I-II stage and 28 in III-IV stage; 29 with metastasis
and 19 without metastasis). The cholangiocarcinoma cell
lines QBC-939 were presented by professor Wang Shuguang
of The Third Military University.
Total genomic DNA was extracted from tumor cell lines
QBC-939 and frozen tissue specimens (50-100 mg)
according to standard protocol with some modifications,
which are briefly described below. Frozen pulverized
powders of the specimens were suspended with 2 mL
warmed lysis buffer: 50 mmol/L Tris-HCl pH 8.0, 50 mmol/L
EDTA, 1% SDS, 10 mmol/L NaCl plus 100 g/mL boilingtreated RNase A. Following 1 h of incubation at 37 ℃,
Proteinase K was added to the cellular lysates for a final
concentration of 100 g/mL and the digestion was carried
out at 55 ℃ for 2 h. Organic extractions with a half volume
of Phenol/Chloroform/Isoamyl alcohol (1:1:0.04) were
repeatedly carried out until no visible interphase remained
after centrifugation. DNA was precipitated from the
aqueous phase in the presence of 0.3 mol/L NaOAc pH 7.0
and two and a half volumes of ethanol. The DNA pellet
was washed once with 70% ethanol and dissolved at 65 ℃
for 30 min with 0.2-0.4 mL TE (10 mmol/L Tris-HCl pH
7.4 and 1 mmol/L EDTA), followed by storage at 4 ℃
until further use. The DNA concentrations were calculated
according to their A260nm readings.
RASSF1A expression analysis
Total RNAs from 48 tumor samples, QBC-939 cell lines
and 2 normal bile duct samples were extracted using the
TriZOL Reagent (Invitrogen). Prior to RT-PCR, the RNA
was treated with 10 units of DNA and incubated at 37 ℃
for 10 min. After the reverse transcription reaction, RT-PCR
was essentially performed as following: 0.5 µg of RNA were
pipetted into tubes containing PCR master mix use primer
RT-1 (all primers were composed by sbs Biotech Corporation,
Shanghai), PCR conditions were 95 ℃ for 5 min, then
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95 ℃ for 1 min, 60 ℃ for 1 min, and 74 ℃ for 1 min, 35
cycles. PCR products were separated on 2% Tris-borate
EDTA agarose gels, and visualized by autoradiography.
As a control, we also assayed levels of the RASSF1C,
which has been shown previously[13] to be widely expressed
and not susceptible to methylation, primer RT-2 was used.
Condition were 95 ℃ for 30 s, 60 ℃ for 30 s, and 72 ℃
for 30 s, 40 cycles.
RASSF1A mutation analysis and LOH studies
Mutation screening in extrahepatic cholangiocarcinoma DNA
was performed using the PCR-single strand conformation
polymorphism (SSCP) method with intronic primer as
described in Table 1, process as Ref. 14. DNA with
aberrantly migrating bands were re-collected and sequenced
on an ABI automated sequencer. LOH analysis of 4
microsatellite markers targeted at chromosome 3p21.3
region was undertook by PCR with 4 pairs of primers
(Table 1) labeled with fluorescence FAM, HEX and NED
respectively, methods refer to Ref. 15 with some modifications.
Bisulfite modification
Bisulfite modification of genomic DNA was carried out by
a bisulfite genomic sequencing protocol (Sigma). Briefly,
1 µg of genomic DNA was denatured by incubation with
0.3 mol/L sodium hydroxide for 15 min at 37 ℃. Then
sulfonated in 3.12 mol/L sodium bisulfite and 5 mmol/L
hydroquinone (pH 5) (Sigma) in a thermocycler for 16 h at
55 ℃. The DNA samples were recovered using the Wizard
DNA Clean-Up System (Promega) in accordance with the
manufacture instruction. The DNA is then desulfonated in
0.3 mmol/L NaOH for 10 min at room temperature before
ethanol precipitation and resuspension in water.
Methylated-specific PCR
To amplicate the bisulfite-converted RASSF1A promoter
sequences, we had designed methylated and unmethylated
primers (Table 1). One hundred microliters of reaction
buffer containing 5 µg bisulfite-treated DNA, 200 µmol/L
of each dNTP, 10 units of Taq polymerase, 10× MS

Table 1 PCR primer sequences for RT-PCR, SSCP, MS-PCR
Primer
RT-PCR
RT-1
Rt-2
SSCP
E-1
E-1
E-2
E-3
E-4
E-5
E-6
MS-PCR
MethUnmethLOH
D3S4597
D3S4604
D3S1568
D3S1621

Number 9

Upstream sequence

Downstream sequence

5’-ACACGTGGTGCGACCTCT-3’
5’-ACCTAGCCTTTCTCAAGCTG-3’

5’-GATGAAGCCTGTGTAAGAACCGTCCT-3’
5’-CATCCTTGGGAGGTAAAAG-3’

5’-CCTGCTAGCGCCCAAAGC-3’
5’-ATGTCGGGGGAGCCTGAG-3’
5’-GGGACATTTCCCCGACCT-3’
5’-CCAGAGGCCATTTTTCAGAG-3’
5’-GCCGACTTCCTTTTACCT-3’
5’-TGGCCCTGTCTCTGATCATT-3’
5’-CCTGTACACTCCCCTTTTGC-3’

5’-CAGCTCCCGCAGCTCAAT-3’
5’-CACGGCCAGGGACCAG-3’
5’-ATCCTCGCCCTTCCCATAC-3’
5’-TAGCTGGGTACCTGCTCCTC-3’
5’-GCATGCGTATATACCCTCACA-3’
5’-TCCTCCTCCAAGCCTTACTG-3’
5’-ACCTGGGGGTACAAGAGGTC-3’

5’-GTGTTAACGCGTTGCGTATC-3’
5’-TTTGGTTGGAGTGTGTTAATGTG-3’

5’-AACCCCGCGAACTAAAAACGA-3’
5’-CAAACCCCACAAACTAAAAACAAA-3’

5’-CCTCACTACTCCTGGAATTG-3’
5’-ACACGTGGTGCGACCTCT- 3’
5’-TGGCCCTGTCTCTGATCATT-3’
5’-ACTGACATCTCACCTGGAACC-3’

5’-CCAAGGAAGGGTTTTACTTA-3’
5’-GATGAAGCCTGTGTAAGAACCGTCCT-3’
5’-TCCTCCTCCAAGCCTTTACTG-3’
5’-CACATGCAGGTGCTTGACA-3’
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buffer 10 µL and 25 mmol/L MgCl2. Reaction proceeded
as following: pre-denatured for 7 min at 95 ℃, then at 95 ℃
for 30 s, 55-65 ℃ (according to the annealing temperature
of every pair of primer) for 30 s, and at 74 ℃ for 30 s for
35 cycles and finally a 5 min extension at 72 ℃. To identify
the methylation, PCR products were purified using a
QIAquick PCR purification kit (Qiagen), 50-100 ng purified
PCR products (204-bp) were digested by restriction enzyme
with 20 unit of TaqI for 2 h at 65 ℃. The possible sizes of
the TaqI restriction enzyme digestion products are 173 and
31 bp or 112 and 81 bp. The restriction enzyme digestion
products were then visualized by electrophoresis in a 2%
agarose gel, and the presence of methylation was verified
in a limited number of samples by direct sequencing of
PCR product. Other more, to determine the precise pattern
of CpG methylation within the RASSF1A CpG island,
we directly sequenced the 28 samples with RASSF1A
methylation from nucleotides -110 to +41 bp after sodium
bisulfite modification.
Re-expression of RASSF1A after 5-Aza-CdR treatment
QBC-939 cell lines were treated with 5-Aza-CdR (Sigma).
Cells (2×106 cfu) each grown for upto 9 d with the different
concentration of 0.25, 0.5, 1, 3, 5, 7, and 10 µmol/L. Isol
ated RNA from the third day and detected the RNA
expression using RT-PCR as described above.

RESULTS
Methylation analysis of a CpG island in promoter region of
RASSF1A
Twenty-eight of 48 (58.33%) tumor samples and 1 cell line
demonstrated that methylated for majority of 16 CpGs
(Figure 1), and the other 20 samples were not methylated
for any CpG island. After being purified and digested by
restriction enzyme TaqI, every PCR band showed to be
detached two bands in accordance with the same sample
(Figure 2). These data displayed that bisulfite modification
relieved the protection of CpG island so it can be digested
by restriction enzyme TaqI.
Direct sequencing of the 28 samples is carried out with
RASSF1A methylation from nucleotides -110 to +41 bp
after sodium bisulfite modification. Four tumor samples
demonstrated methylation of all 16 CpGs, and 6 had
methylation at 14 of 16 CpGs, 3 at 13 of 16 CpGs, 5 at 11
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m

u

m

u

m

u

m

u

Figure 1 Methylation specific PCR (MSP) analysis of RASSF1A in
extrahepatic cholangiocarcinoma with methylated DNA-specific primers (m) and unmethylated DNA-specific primers (u).
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of 16 CpGs, methylation at 10, 9, 8 and 7 of 16 CpGs
every 2, and the last 4 samples had methylation at 4 of 16
CpGs, the average frequency of methylation of all 16 CpGs
were 72.77%. Figure 3 summarizes the sequencing data of
the frequency of methylation of each CpG in RASSF1A
promoter region in extrahepatic cholangiocarcinoma.
We also analyzed the methylation status of the
corresponding normal extrahepatic bile duct tissues DNA,
in 2 normal samples, the RASSF1A methylation was
detected by the TaqI restriction digest assay, we proceeded
to sequence 16 clones from each of the 2 normal samples
from nucleotide -110 to +41 bp after sodium bisulfite
modification. Both samples demonstrated that methylation
at 10 of 16 CpGs, including those constituting one of the
TaqI recognition sites. This explains the presence of TaqI
digestion products, although only partial methylation of the
fragment had occurred.
Mutation of RASSF1A in extrahepatic cholangiocarcinoma
We have screened all six exons of RASSF1A in 48 primary
tumors and QBC-939 cell lines for mutation by SSCP analysis
(Figure 4). SSCP analysis detected identical mobility shifts
of exon 1 in QBC-939, DNA sequencing confirmed
multiple base substitutions at codons 53, 56, 57, and 60.
The sequence change in codon 60 (GCC to ACC) leads to
an amino acid change from Ala to Thr, whereas those in
codon 53 (CGC to CGT), 56 (CCC to CCT), and 57 (GCG
to GCA) do not. Mobility shifts were also detected in 3 of
48 primary tumors. Abnormal bands on SSCP gels for exon

Figure 2 Restriction enzyme digestion of the promoter CpG island
of bisulfite-treated in 4 tumors using Restriction enzyme TaqI.
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Figure 3 Frequency of methylation each CpG in RASSF1A promote
in extrahepatic cholangiocarcinoma.
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3, exon 4, and exon 5 were found. DNA sequencing detected
the sequence changes in exon 3, a missense mutation (GCT
to TCT/G to T) at nt 435 was observed. The mutation
leads to an amino acid change (Ala to Ser) at codon 133. The
sequencing analysis also confirmed a missense mutation of
exon 4 at nt 640 (G to A) and an amino acid change (Arg to
His) at codon 201. We also detected a frame shift mutation
at exon 5, a single base deletion at nt 829 (A). No sequence
change was found in the corresponding normal control
sample of those 4 patients.

M

N

1

2

3

4

5

6

Figure 4 RASSF1A mutation analysis using SSCP in normal bile
duct and 6 extrahepatic cholangiocarcinoma samples. It displayed
that tumor 2 has a extra band, tumor 3 has a extra band with
shifting. We consider that there are mutation in those two tumor
samples.

LOH analysis
Allele loss was considered to be present in tumor samples
with a 50% or greater reduction in signal intensity of an
allele in tumor DNA compared with normal DNA [16]
(Figure 5). All 4 microsatellite sites of D3S4604, D3S4597,
D3S1568 and D3S16214 in chromosome 3p21.3 region,
the average rate of LOH is 22.45%, very similar to the
common rate of population. The highest LOH was detected
at loci D3S4604 (68.75%, 33/48). The frequency of LOH
at D3S4597, D3S1568, D3S1621 loci are 6.25% (3/48),
8.33% (4/48) and 4.17% (2/48), respectively.

T

N

T

N

Figure 5 LOH analysis of microsatellite loci D3S1568 and D3S4604
at the region of chromosome 3p21.3 using the primers labeled with
FAM and HEX.

Expression and re-expression of RASSF1A
In all 48 samples, there were 28 samples which RASSF1A
express silencing, and QBC-939 cell lines express silencing
too, which was consistent with the methylation of the
RASSF1A gene at the region of promoter, but in the normal
matching tissues they were all expressed. With the treatment
of 5-Aza-CdR, QBC-939 cell lines RNA re-expressed in
fifth-day and strongest at the concentration of 7 µmol/L.

March 7, 2005

Volume 11

Number 9

Regrettably, we have only one extrahepatic cholangiocarcinoma
cell lines with methylation-positive, and have no tumor cell
lines with methylation-negative, so we could not observe
the influence of 5-Aza-CdR to them.
RASSF1A methylation and clinicopathological information
To determine whether the presence of RASSF1A was
associated with significant differences in tumor grade and
Tumor-Node-Metastasis stage, we have compared 48
samples (28 with methylation and 20 with unmethylation).
However, there were no significant differences (P>0.05)
between methylated and unmethylated tumor for any of
these parameters. In addition, we compared RASSF1A
methylated and unmethylated tumor samples for age, sex
tumor size and grade, there were no significant differences
too (P>0.05).

DISCUSSION
Deletion of the short arm of chromosome 3 is one of the
most common genetic alteration in human cancer[17], Wong
et al [7] had investigated that inactivation of the tumor
suppressor genes on this region may be critical and early
events for the development of this cancer. Although,
multiple tumor suppressor loci have been examined, results
of deletion mapping and functional studies have target the
extrahepatic cholangiocarcinoma associated gene to the
3p21.3 region. Frequent allelic loss and the presence of
homozygous deletions in this region have been detected in
several human cancers, including carcinomas of lung, breast,
ovary, head and neck cancers[10-12]. Recently, studies have
focused on the candidate TSGs located within the 630-kb
homozygous deletion region.
In 2000, Reinhard Dammann[11] isolated a tumor suppressor
gene RASSF1 in this homozygous deletion region. The
RASSF1 protein was found to be interacted with the human
DNA repair protein XPA and its carboxy terminus shows
high homology (55% identity) to the mouse Ras effector
protein Norel and Maxp1. As the amino terminus of the
cDNA showed almost no homology to these proteins,
screened additional cDNA library and obtained three
alternatively spliced transcripts: RASSF1A, RASSF1B and
RASSF1C. All three transcripts have four common exons
(exon 3-6), which encode a RAS association domain[18].
Transcript A has two 5’ exons, designed 1 and 2. This
cDNA is 1873 bp and contain an ORE of 340 amino acids
with a calculated molecular mass of 38.8 kD. The N
terminals of RASSF1A has high homology to a cysteinerich diacylglycerol/phorbol ester binding domain, also known
as the protein kinase C conserved region 1 (C1) domain.
Vos et al[19] have shown that RASSF1A binds RAS in a GTPdependent manner and mediates the apoptosis effects of
oncogenic RAS. It was suggested that this protein may be
involved in the DNA repair system or the RAS pathway.
The most striking findings in the major transcripts of this
gene, RASSF1A, is altered in the cell lines and in the primary
tumors of lung cancer. The tumor suppressor function of
this gene has also been demonstrated by transfection of
the full-length RASSF1A in lung cancer cell lines. Reexpression of RASSF1A in lung cancer cells leads to reduced
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colony formation, suppressed anchorage-independent
growth and inhibited tumor formation in nude mice[11]. Now,
we have shown a high incidence of RASSF1A alternations
in extrahepatic cholangiocarcinoma, the data presented in
this study support RASSF1A as the major target suppressor
at 3p21.3 in human cancers.
In our studies, we have analyzed the expression of RASSF1A
mRNA in 48 samples and one cell lines, the RASSF1A express
silencing in 33 samples (68.75%) and QBC-939 cell lines, the
difference is significant (P = 0.001-<0.01). This suggested
that RASSF1A, as a TSG, play an important role in the
pathogenesis of human extrahepatic cholangiocarcinoma.
Many other investigators considered the major
mechanism of TSGs inactivation include base mutation,
loss of heterozygosity or deletion of homozygosity, and
promoter methylation through their studies previously[12],
so we assumed three hypothesis on RASSF1A inactivation:
(1) Base mutation, (2) Loss of heterozygosity or deletion
of homozygosity and promoter methylation separatively,
(3) Loss of heterozygosity or deletion of homozygosity
combine with promoter methylation.
Our data displayed that the incidence of RASSF1A
mutation is very low (6.25%, 3/48), it is unclear whether
these mutations alter the function of the protein or represent
rare polymorphisms, which is very difficult to decide. Now,
we only know a common polymorphisms exists in exon 1
[AAG(Lys21)/CAG(Gln21)], but it suggested strongly that
base mutation is not the major mechanism in this gene
inactivation.
Homozygous deletion of 3p21.3 has been reported in
several breast cancer and lung cell lines and may be one of
the major mechanisms for inactivation of RASSF1A in these
cancers[10-12] . In extrahepatic cholangiocarcinoma of our
investigated team, no homozygous deletion of RASSF1A
was detected. The allelic status of chromosome 3p21.3 in
our tumor has been examined by LOH analysis, the
RASSF1A gene is located near to the microsatellite loci
D3S4604, the frequency of LOH at D3S4604 is 68.75%,
significantly higher than the common. So, we can believe
that the LOH of RASSF1A may be the critical events for
extrahepatic cholangiocarcinoma tumorigenesis.
The TSGs methylation is increasingly recognized as a
major contributor to the pathogenesis of human tumors,
the precise etiology of epigenetic changes in cancer were
enigmatic. In extrahepatic cholangiocarcinoma, 58.33%
(28/48) samples and one cell lines which RASSF1A
promoter CpG islands were completely or partially
methylated and induced-RASSF1A transcript the silenced.
Glen et al[20] indicated that a degree of methylation of more
than 50% would suggest either that both alleles are
methylated or that one allele is methylated and the other
one is lost, our data hold out the latter. In QBC-939,
treatment with 5’-aza-deoxycytidine led to demethylation
of 5’CpG island of RASSF1A and re-expression of its
transcripts. This strongly su g g ests that aber rant
hypermethylation of RASSF1A promoter is directly
responsible for transcriptional inactivation of its expression
in our investigated tumor samples.
We divided the 28 samples in which promoters were
methylation into LOH-positive and LOH-negative team and
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study the relationship LOH and promoter methylation. In
LOH-positive team, 25 of 33 (75.76%) samples had
methylation in CpG islands of RASSF1A promoter, and
the contrast data is 15% (3/20) in LOH-negative team.
Furthermore, the average frequence of all CpG islands
with LOH-positive is significantly higher then LOH-negative
team (P<0.01). Our data accord with the revised Knudson
two-hit theory [21], in this new hypothesis, epigenetic
mechanism of gene inactivation are included.
In summary, we have demonstrated a high frequency
of RASSF1A gene in extrahepatic cholangiocarcinoma. In
58.33% of primary tumors, either promoter hypermethylation
or LOH of RASSF1A were seen, these observation provide
that promoter methylation and allelic loss are the major
mechanism for inactivation of this tumor suppressor gene,
RASSF1A may be one of the key tumor suppressor gene
that we have been searching for at 3p21.3 in extrahepatic
cholangiocarcinoma. Inactivation of its function, resulting
in either defective DNA repair or disruption of the RAS
pathway, may be closely associated with extrahepatic
cholangiocarcinoma occurrence and development.
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Abstract
AIM: To investigate the effects of emodin on the treatment
of non-alcoholic fatty liver in rats induced by high caloric
laboratory chaw.
METHODS: Non-alcoholic fatty liver model was successfully
established by feeding with high caloric laboratory chaw
for 12 wk. Then the model rats were randomly divided
into 3 groups, namely model control group, emodin group
and dietary treatment group. The rats in emodin group
were given emodin at dose of 40 mg/(kg·d) while animals
in other groups were given distilled water of the same
volume. The rats in model control group were fed with
high caloric laboratory chaw while animals in other groups
were fed with normal diet. Four weeks later, liver index
(liver/body weight ratio), serum activities of liver-associated
enzymes, blood lipid, fasting blood glucose, fasting plasma
insulin, HOMA insulin resistance index (HOMA-IR), hepatic
triglyceride content and histology features of all groups
were assayed. The expression of hepatic peroxisomal
proliferator activated receptor (PPAR) gamma was
determined by RT-PCR.
RESULTS: The body weight, liver index, serum activities
of alanine aminotransferase (ALT), blood lipid, hepatic
triglyceride content of model control group were significantly
elevated, with moderate to severe hepatocyte steatosis.
The expression of hepatic PPAR gamma mRNA was
obviously reduced in model control group. Compared with
model control group, the body weight, liver index, serum
activities of ALT, blood lipids and hepatic triglyceride of
emodin group significantly decreased and hepatic histology
display was also greatly improved. Meanwhile, the
expression of hepatic PPAR gamma mRNA was elevated.
However, high serum activities of ALT and hyperlipidemia

were persisted in dietary treatment group although liver
index was decreased and liver histology was somewhat
improved.
CONCLUSION: It is suggested that emodin might be
effective in the treatment of non-alcoholic fatty liver in
rats. Its therapeutic mechanism could be associated with
increasing the expression of hepatic PPAR gamma mRNA.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fatty liver is increasingly recognized as a major health
problem in China. It is believed that sustained liver injury
may partially lead to progressive liver fibrosis and cirrhosis,
possibly up to one-third of those with non-alcoholic
steatohepatitis (NASH). NASH may be a primary cause of
cryptogenic cirrhosis [1-4]. Controlling NASH would be
expected to reduce the risk of developing degenerative liver
diseases such as liver fibrosis or cirrhosis. Currently less
medical therapy is available for patients with non-alcoholic
fatty liver disease (NAFLD). Our previous research indicated
that emodin might be effective to prevent and treat murine
alcoholic fatty liver[5]. Because the pathophysiological and
pathological features of non-alcoholic fatty liver resemble
those of alcohol-induced liver injury in certain extent[6,7],
we established the murine model with NASH to explore
the possible therapeutic effects of emodin on nonalcoholic
fatty liver.
MATERIALS AND METHODS
Animals
Forty male Spraque-Dawley rats weighing 140-160 g
obtained from Experimental Animal Center of Tongji
Medical College, Huazhong University of Science and
Technology (Wuhan, China) were used in the present study.
The rats were housed in plastic cages and exposed to a
12/12 h controlled light cycle. The rats were given free
access to food and water.

1340

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Reagents
Cholesterol was purchased from Liwei Biochemical
Company (Zhengzhou, China). Lard oil was prepared in
our laboratory. Sodium Tauroglycocholate was from Luye
Company (Huainan, China). Ninety-nine percent emodin
from Juzhan Biochemical Company (Shenzhen, China) was
diluted by 0.5% Sodium Carboxymethyl Cellulose (CMC)
and the end concentration were 2, 4 and 8 mg/mL,
respectively. Alanine aminotransferase (ALT), aspartic
aminotransferase (AST), serum total cholesterol (TC) and
triglyceride (TG) assay kits were purchased from Dong-Ou
Biological Engineering Co. Ltd (Zhejiang, China). Serum
levels of insulin were determined by radioimmunoassay (kit
purchased from Northern Biot Co., China). The reagents
for reverse transcription and polymerase chain reaction
(RT-PCR) were obtained from Promega Co. USA. DEPC,
TRIzol reagents, primers for amplifying PPAR- and actin mRNA were synthesized by Shanghai Biology
Engineering Co. Ltd. PPAR: (+)5’AGG AGC AGA GCA
AAG AGG TG-3’, (-) 5’ACC GTT TAT TTC CCA TCT3’.
-actin: (+) 5’CCT AGG CCA ACC GTG AAA AG3’, (-)
5’TCT TCA TGG TGC TAG GAG CCA3’.
Animal model and experimental protocol
After fed with standard rat diet for one week, Spraque-Dawley
rats were randomly divided into model group (n = 30) and
normal control group (n = 10). Non-alcoholic fatty liver
model was established by feeding with high caloric laboratory
chaw (2% cholesterol, 10% lard oil, 0.5% sodium
tauroglycocholate and 87.5% standard forage) for 12 wk.
Then 6 rats from model group and 2 rats from normal
control group were killed. All the murine liver tissue slides
stained with HE in model group showed moderate to severe
macrovesicular steatosis by optical microscopy. Then 24
rats fed with high caloric laboratory chaw were further
randomly divided into 3 groups. The rats in model control
group were fed with high caloric laboratory chaw
continuously. The rats in dietary treatment group were fed
with normal forage. The rats in emodin group were orally
administered with emodin 40 mg/(kg·d) and they were also
fed with normal forage. The animals in both model control
group and normal control group were given distilled water
in same volume by lavage. Oral administration of drugs
were performed between 8:30 and 9:30 am everyday. All
the animals were killed at the end of the 4th wk. The animals
were weighed before experiment and one-day prior to
sacrifice. Blood samples were obtained by aorta abdominalis
puncture at the time of sacrifice and the specimen serum
was kept storing at -20 ℃ until being put forward to analysis.
Meanwhile, murine liver samples were rapidly excised,
weighed and frozen in fluid nitrogen or fixed in 4% buffered
formaldehyde solution until using.
Blood biochemical analysis
Serum biochemical parameters such as ALT, AST, TC, TG,
fasting blood glucose (FBG) were automatically analyzed
with biochemistry analyzer. Serum levels of insulin (FINS)
were determined by radioimmunoassays in the Department
of Nuclear Medicine in Tongji Hospital. HOMA-insulin
resistance (IR) index was calculated by the method as follows:
(HOMA-IR)= FBG×FINS/22.5[8]
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Hepatic triglycerides and histopathological examination
A section of liver was taken for quantitative assessment of
triglycerides content by using solvent extraction method.
Hepatic tissue slides were prepared and stained with
hematoxylin and eosin (HE) for routine histopathological
examination.
Total RNA isolation
Total RNA was extracted from 100 mg liver tissue using
TRIzol reagent. To check the purity of RNA, it took 2 L
RNA sample dissolved in the solution (1:50) to measure
A260 and A280 by UV spectrophotometer. The ratio of A260
to A280 was determined as 1.8-2.0, which may reflect the
high quality of extracted RNA. Further 3 L RNA sample
was put into 1.1% denaturing agarose gel with ethidium
bromide for electrophoresis.
RT-PCR Four microgram of total RNA was conducted
into a reverse transcription reaction to synthesize cDNA.
The following reagents were added to a 100 L polypropylene
microcentrifuge tube sequentially: (1) 10×Taq buffer 2.5 L;
(2) 10×dNTP 0.4 L; (3) 2.0 U/L TaqE 1 L; (4) 2 pairs
primer mixture (-actin primer was used for internal control)
1 L; (5) sample 2 L; and (6) water up to 25 L. PCR for
amplifying PPAR-gamma mRNA was carried out in a
programmable thermal controller. During each PPARgamma PCR cycle, the samples were firstly heated to denature
template complexes at 94 ℃ (180 s initially and 60 s during
all subsequent cycles), then cooled down to 60 ℃ to anneal
template and primers (60 s) and, in the end, heated up to
72 ℃ to extend the newly synthesized strand (50 s). The
final 72 ℃ incubation after 34 cycles was extended for
additional 10 min to maximize strand completion. During
each -actin PCR cycle, the samples were heated to denature
template complexes at 94 ℃ (240 s initially and 60 s during
all subsequent cycles), then cooled down to 54 ℃ to anneal
template and primers (60 s) and then heated up to 72 ℃ to
prolong the new strand (60 s). The final 72 ℃ incubation
after 30 cycles was extended for additional 10 min to
completely prolong PCR product. After PCR processing,
the samples were rapidly cooled down to 4 ℃ and stored at
-20 ℃ for later analysis. After amplification, 6 L of each
PCR reaction mixture was electrophoresed through 2.0%
agarose gel with ethidium bromide (0.1%). The gel was
photographed over UV light at the same exposure and
development time for all gels photographed. The bands on
the film were scanned by densitometry for quantitation.
The PCR products were electrophoresed in the same gel
and ratios for PPAR-gamma/-actin were determined to
eliminate film-to-film variance.
Statistical analysis
Data were expressed as mean±SD. The Student’s t-test was
used to test individual differences. P<0.05 was considered
to be statistically significant.

RESULTS
Body and liver weight changes
During the experimental period, the body weight of the
rats fed on high-fat chaw was increased quickly. At the end
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Changes of FBG, FINS and HOMA-IR
There was no significant difference of FBG, FINS levels
and HOMA-IR among four groups (Table 1).

of the experiment, the body weight and liver index of rats
in model control group were significantly increased compared
with those in normal group (P<0.05 and P<0.01, respectively).
Compared with model control group, the body weight and
liver index in emodin group were significantly decreased
(P<0.05 and P<0.01, respectively). The liver index in dietary
group was significantly decreased (P<0.01) but there was
no significant difference between the body weights in model
control group and dietary group (Figure 1).

Table 1 Changes of FBG, FINS and HOMA-IR among relevant groups
(mean±SD)

Hepatic enzyme activity, blood lipids levels and hepatic TG
contents
At the end of 16 wk, serum ALT levels were significantly
elevated in model control group compared with those in
normal group (P<0.05). Serum AST level only displayed an
increasing trend (P>0.05). In addition to the high hepatic
triglyceride content, blood lipids including TC and TG levels
in model control group remarkably increased compared to
those in normal group (P<0.05 and P<0.01, respectively).
In comparison to model control group, serum ALT, AST,
TC, TG levels and hepatic TG contents in emodin group
were significantly reduced (P<0.05 and P<0.01, respectively).
However, there were no significant difference of parameters
between dietary group and model control group (Figure 2).

FBG (mmol/L)

FINS(m IU/L)

HOMA-IR

8
8
8
8

5.67±0.75
6.01±1.61
4.84±0.50
5.51±1.07

27.26±3.99
29.82±6.47
27.56±8.33
29.38±9.47

6.86±2.12
8.02±2.67
6.26±2.23
7.15±2.38

Expressions of PPAR-gamma mRNA in liver tissue
The expression of PPAR-gamma mRNA in liver tissues of
model control group were remarkably reduced compared
with those of normal group (0.57±0.05 vs 0.80±0.05, P<0.01).
In comparison with model control group, the expression of
PPAR-gamma mRNA in liver tissues of emodin group were
elevated significantly (0.80±0.06 vs 0.57±0.05, P<0.01).
However, there was no significant difference of the hepatic
expression of PPAR-gamma mRNA between dietary group
and model control group (0.64±0.03 vs 0.57±0.05, P>0.05)
(Figure 3).
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Figure 1 Body weight and liver index changes among four groups. A: Comparison of murine body weight among relevant groups. a P<0.05 vs
normal group, cP<0.05 vs model control group; B: Comparison of liver index among relevant groups. bP<0.01 vs normal group, dP<0.01 vs
model control group.
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Figure 2 Hepatic enzyme activity, blood lipids levels and hepatic TG contents among four groups. A: Comparison of serum ALT and AST
activities among relevant groups. a P<0.05 vs normal group, cP<0.05 vs model control group; B: Comparison of serum TC and TG levels among
relevant groups. a P<0.05 vs normal group, b P<0.01 vs normal group, cP<0.05 vs model control group, d P<0.01 vs model control group; C:
Comparison of hepatic TG contents among relevant groups. bP<0.01 vs normal group, cP<0.05 vs model control group.
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Figure 3 The expression of PPAR-gamma mRNA in murine liver
tissues. M: marker. Lane 1: normal group; lane 2: model control
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Hepatopathological manifestations
No specific findings were observed during the hepatohistological
examination in the normal rats. Under light microscopy,
liver tissue slides stained with HE in model control group
showed moderate to severe macro vesicular steatosis, which
was diffusely distributed throughout liver lobule, and
parenchymal inflammation with both acute and chronic
inflammatory cells accompanying focal necrosis.
Compared with model control group, the pathological
degree of liver steatosis in emodin group was significantly
reduced and in dietary group the steatosis was also improved
(Figure 4).

A1

A2

B1

B2

C1

C2

D1

D2

Figure 4 Hepatopathological manifestations among four groups. A: Murine normal liver tissue stained with HE. A1: HE×100, A2: HE×400; B:
Demonstration of fatty liver tissues in model control group. Moderate to severe macro vesicular steatosis, diffusely distributed throughout
the liver lobule, and parenchymal inflammation with both acute and chronic inflammatory cells accompanying focal necrosis. B1: HE×100, B2:
HE×400; C: Significant improvement of liver steatosis in emodin group. There was significant reduction of fatty deposits in liver tissues and
the histologic figures restored to nearly normal. C1: HE×100, C2: HE×400; D: Liver steatosis in dietary group. The degree of liver steatosis was
improved, but mild steatosis still existed. D1: HE×100, D2: HE×400.
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DISCUSSION
Non-alcoholic fatty liver disease is an increasingly recognized
condition that may be aggravated to end-stage liver disease.
The pathological picture of NAFLD may resemble that of
alcohol-induced liver injury, but it occurs in patients who
do not abuse alcohol. NAFLD refers to a wide spectrum
of liver damage, ranging from simple steatosis to
steatohepatitis, advanced fibrosis and cirrhosis[9]. It is believed
that non-alcoholic steatohepatitis represents only a stage
within the spectrum of NAFLD. The clinical implications
of non-alcoholic fatty liver disease are mostly derived from
its high prevalence in the population and its predisposition
to aggravate to cirrhosis and liver failure.
Trying to establish an ideal animal model for NASH
research is still on the way. There are several animal NASH
models, which have provided useful information with respect
to the complex behavioral, metabolic and genetic factors
that lead to NASH. One of such models is ob/ob mouse,
which is deficient in leptin[10]. Another important animal model
of steatohepatitis is the depletion of S-adenosylmethionine
with a diet deficient in the methyl donors methionine and
choline[11]. Feeding animals with a fat-rich diet is a simple,
reliable and effective method. SD rats fed with a fat-rich
diet consisting of 100 g/kg lard oil and 20 g/kg cholesterol
for 12 wk showed features of NASH. For 24 wk, all model
rats developed perisinusoidal fibrosis[12]. Therefore we
established a model of NASH in rats by continuous feeding
on a diet rich in fat and cholesterol for 16 wk. At the end
of the experiment, the body weight and liver index of rats
in model control group were significantly increased
compared with those in normal group. These overweight
animals showed remarkably elevated levels of serum TC,
TG, ALT and hepatic TG content. Hepatomegaly was
obvious and the liver presented yellow color. The moderate
to severe steatosis combined with intralobular inflammation
and spotty necrosis was characteristically found in their
hepatopathological examinations. All the results above
demonstrated a successful establishment of murine model
for NASH.
Exercise and diet continue to be the cornerstones of
therapy against NASH[13]. In patients with diabetes mellitus
or hyperlipidemia, good metabolic control is strongly
recommended, but it is not always effective in reversing
non-alcoholic fatty liver disease. Improvement in liver-test
results is almost universal in obese adults and children after
weight reduction. The degree of fatty infiltration usually
decreases with weight loses in most fatty patients, although the
degree of necroinflammation and fibrosis may worsen [14-17].
It is reported that the rats fed with a high fat diet for 10 wk
followed by 2 wk on low-calorie diet made their overweight
and hyperlipidemia alleviated with a trend of increasing
serum FFA[18]. In this study, although the rats with NASH
in dietary group shifted to be fed on normal diet, the amount
of food intake was not controlled. It was demonstrated
that liver index of dietary group decreased significantly as
compared with model group. The high serum activities of
liver-associated enzymes, hyperlipidemia and high hepatic
TG contents still persisted in dietary group, although HE
stained liver tissue slides showed only partial improvement
of steatosis. Nevertheless, correct components of diet to
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get the optimal rate and degree of losing weight still have to
be established.
No medications have been proved to directly reduce or
reverse liver damage of NASH independent of weight loss.
The following NASH targeting medications including
gemfibrozil[19] , vitamin E[20,21], metformin[22] , ursodiol[23],
betaine[24] and the thiazolidinedione[25,26] would be effective,
but they need to be further evaluated in carefully controlled
clinical trials. Emodin (1,3,8-trihydroxy-6-methylanthraquinone)
is an active herbal component traditionally used in China for
treating a variety of diseases. Emodin exerts anti-proliferative,
hepatocytoprotective effects in many reports [27-29] . Our
previous research suggested emodin might be effective to
prevent and treat murine alcoholic fatty liver. In the present
study, it was shown that the weight, liver index, serum
activities of liver-associated enzymes, blood lipid and hepatic
triglycerides in emodin group decreased significantly and
hepatic histology restored to nearly normal. To explain
differences between pure fatty liver and NASH, Day and
James[30] proposed a ‘two-hit hypothesis’ with lipids acting
as the first ‘hit’ and increased lipid peroxidation being the
second ‘hit’. Then, what is the mechanism of emodin on
preventing the development of NASH? It was related to
decreasing fat deposits, lipid peroxidation or both?
Peroxisome Proliferator Activated Receptors (PPARs)
are initially described as molecular targets for compounds
inducing peroxisome proliferation. Among the three PPAR
subtypes (alpha, beta, gamma), PPAR-gamma acting as a
ligand-activated transcription factor, proved to be an
important regulator of adipogenic differentiation and glucose
homeostasis[31]. Recent research indicated that agonists such
as rosiglitazone[26] and piglitazone[32] could improve the nonalcoholic steatohepatitis. In our research the expression of
PPAR-gamma mRNA in liver tissues of model control group
were remarkably reduced compared with those of normal
group. In comparison with model group, the expression of
PPAR-gamma mRNA in liver tissues of emodin group were
elevated significantly. However, the actual molecular
mechanisms of emodin in treating murine nonalcoholic fatty
liver were not yet illustrated, possibly it might be associated
with improving the expression of PPAR-gamma mRNA in
liver tissue and increasing the insulin sensitivity similar to
Thiazolidinediones.
It is believed that insulin resistance is a common
pathophysiological basis in patients with NAFLD and
NASH[33,34]. In view of the hypothesis that insulin resistance
and hyperinsulinemia are primary abnormalities in NAFLD,
our study was focused on the relation of emodin and
insulin resistance in NASH. But in this study, with murine
steatohepatitis, there was no significant difference of FBG,
FINS and HOMA-IR among four groups. The underlying
reason should be investigated in the subsequent study.
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Abstract
AIM: To investigate the differential phosphorylation
and activation of p38 in hepatocytes by pro-apoptotic
Transforming Growth Factor-1 (TGF-1), pro-survival
factors Epidermal Growth Factor (EGF) and 12-Otetradecanoylphorbol-13-acetate (TPA) and the potential
mechanisms.
METHODS: The phosphorylation and activation of p38
were determined by immunoblotting. Apoptosis was
analyzed by morphological staining and observation, FACS
analysis of sub-G1 content and DNA fragmentation assay.
To quantitatively determine caspase activation, caspase
activity assay was performed in vitro.
RESULTS: TGF-1-induced apoptosis was associated with
the phosphorylation of p38, and SB202190, a specific
inhibitor of p38, which was able to inhibit TGF-1-induced
caspase activation and apoptosis. TPA and EGF also
blocked apoptosis induced by TGF-1. Both of them
induced the phosphorylation of p38. The results showed
SB202190 had no effect on TGF-1-induced phosphorylation
of p38, but effectively inhibited both EGF and TPA-induced
phosphorylation of p38.
CONCLUSION: Pro-apoptotic TGF-1, anti-apoptotic TPA
and EGF induce the phosphorylation of p38 through
different mechanisms that can be distinguished by
SB202190. The data suggest that TPA and EGF-induced
p38 phosphorylation is through an autophosphorylationdependent mechanism. Since p38 phosphorylation induced
by TGF-1 plays an important role in caspase activation
and apoptosis, TPA and EGF-induced p38 phosphorylation
may not be requisite for their anti-apoptotic function.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Apoptosis is a highly regulated cell suicide program
characterized by several morphological and biochemical
hallmarks, including membrane bleb, DNA fragmentation,
accumulation of sub-G1 DNA content, and caspasedependent proteolysis of a series of cellular substrates[1-3].
Apoptosis is important for balancing cell number during
development and maintenance of the integrity and
homeostasis of multicellular organism[4]. In liver, the finetuned apoptosis has been implicated in liver development
and regeneration, and deregulation of apoptosis occuring
in hepatocellular carcinomas[5].
TGF-1 is the prototype of TGF- cytokine family
that has diverse effects on multiple physiological processes,
including apoptosis, proliferation, and differentiation. After
binding to its receptors, TGF- is capable of activating SMAD
transcriptional factors to regulate the expression of target
genes[6]. TGF--induced apoptosis is one of the active fields
in the investigation of TGF- signaling. Either SMAD pathway
or other pathways, including Daxx/JNK and TAK1/p38,
can mediate TGF--induced apoptosis[7]. In the liver, TGF-
is a potent inducer of apoptosis for both hepatocytes and
hepatoma cells[5,8].
Mitogen-activated protein kinase (MAPK) is a family
of serine/threonine kinases composed of extracellular
signal-regulated kinase (ERK), p38 and c-Jun N-terminal
kinase (JNK). p38 can be activated in response to various
stimuli and has been implicated in the regulation of diverse
physiological processes, including growth arrest, proliferation,
differentiation, inflammation, and apoptosis[9]. The basic
arrangement of the signaling cascade leading to MAPK
activation consists of three kinases: a MAPK kinase kinase
(MAPKKK) activates MAPK kinase (MAPKK), which in
turn phosphorylates and activates MAPK [10] . It has been
demonstrated that p38 is involved in TGF--induced
apoptosis[11]; although it was also shown that p38 is associated
with, but not required for TGF--induced apoptosis[12]. The
mechanism utilized by TGF- to activate p38 remains
unclear. It was shown that TAK1 is able to act as an
MAPKKK activated by TGF- to phosphorylate and
activate p38[13]. Furthermore, Dadd45b, which was regulated
by SMAD, was also shown to be responsible for activating
p38 in hepatocyte[14] . Recently, it was reported TGF- is
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able to activate p38 through a receptor-dependent but
SMAD-independent mechanism[15].
For a long time, phosphorylation of p38 on specific
tyrosine and threonine residues by upstream MAPKK has
been taken as the sole activation mechanism for p38. P38
inhibitors, including SB202190, have been widely used to
investigate the activation and involvement of p38 in various
basic physiological processes. Interestingly, several reports
demonstrated that p38 inhibitors have no effect on both
basal and stimuli-induced p38 phosphorylation, but indeed
inhibit the kinase activity of p38[16,17]; on the other hand, these
inhibitors inhibit phosphorylation of p38 in some cases[18].
These results imply that the intrinsic kinase activity of p38
is differentially involved in the phosphorylation of p38
under different conditions. Recently, a report demonstrated
that there existed an auto-phosphorylation-dependent
mechanism serving as an alternative pathway responsible
for the phosphorylation and activation of p38[19].
In this study, we showed that the phosphorylation and
activation of p38 is involved in TGF-1-induced murine
hepatocytes apoptosis. While EGF and TPA can inhibit
apoptosis, these pro-survival factors also induce phosphorylation
of p38. Our data showed p38 inhibitor SB202190 has
differential effect on p38 phosphorylation induced by
different stimuli: it has no effect on TGF-1-induced p38
phosphorylation, while effectively inhibiting both EGF and
TPA-induced p38 phosphorylation. These results indicate
the auto-phosphorylation-dependent mechanism is
responsible for pro-survival EGF and TPA-induced p38
phosphorylation, but not involved in pro-apoptotic TGF1-induced activation of p38.

MATERIALS AND METHODS
Reagents and antibodies
Cell culture reagents were purchased from Life Technologies
(Grand Island, NY). Acridine orange (AO)/ethidium
bromide (EB) and propidium iodide (PI) were purchased
from Sigma (St. Louis, MO). Nitrocellulose membrane was
bought from Amersham Pharmacia Biotech (Buckinghamshire,
UK). Super signal reagents were purchased from Pierce
(Rockford, IL). SB202190 and horseradish peroxidase
(HRP)-conjugated anti-rabbit secondary antibody were
bought from CALBIOCHEM (La Jolla, CA). Rabbit
polyclonal antibodies against p38 and phospho-p38 were
from Cell Signal Technology, Inc. (Beverly, MA).
Cell culture
AML-12 cells were grown in a 1:1 mixture of Dulbecco’s
modified Eagle’s medium and Ham’s F12 medium
containing insulin (5 g/mL), transferrin (5 g/mL), selenium
(5 g/mL), dexamethasone (40 ng/mL), 100 units/mL
penicillin and 100 g/mL streptomycin and 10% fetal calf
serum. Cell cultures were maintained at 37 ℃ in a humidified
atmosphere of 50 mL/L CO2.
Preparation of cell lysates and immunoblotting
Cells were lysed in 10 mmol/L Tris (pH 7.4), 1 mmol/L
EDTA, 0.5 mmol/L EGTA, 150 mmol/L NaCl, 1% Triton
X-100, 50 mmol/L NaF, 10 mmol/L Na4P2 O7·10H2O,
5 g/mL aprotinin, 5 g/mL leupeptin, and 1 mmol/L
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PMSF. Fifty milligrams of proteins were electrophoresed
in SDS-polyacrylamide gel and transferred onto
nitrocellulose membranes. The membranes were blocked
with 5% milk in Tris-buffered saline containing 0.1%
Tween-20 (TBS-T) and subsequently incubated with primary
antibody overnight at 4 ℃. After washing with TBS-T for
30 min at room temperature, the membrane was further
incubated with a horseradish peroxidase conjugated
secondary antibody for 1 h followed by 1 h washing. Protein
bands were visualized with super signal reagents.
Flow cytometry analysis (FACS assay)
Apoptotic rate was quantitatively determined by flow
cytometry analysis. The percentage of cells with sub-G1
DNA content was taken as a measure of the apoptotic rate
of the cell population. After the indicated treatment, cells
were trypsinized and fixed with 70% ethanol overnight. Cells
were then pelleted and RNA was removed by adding RNase
(10 mg/mL) at 37 ℃ for 1 h. Finally, the cells were stained
with propidium iodide and DNA content was analyzed by
FACS (Becton-Dickinson FACSCalibur, the excitation
wavelength is 488 nm).
DNA fragmentation assay
DNA fragmentation of apoptotic cells was detected as
described[3] with minor modifications. The cells were lysed on
ice for 30 min in lysis buffer containing 10 mmol/L Tris-Cl
pH 8.0, 25 mmol/L EDTA pH 8.0, and 0.25% Triton X-100.
After centrifugation at 14 000 g for 15 min, the supernatant
was incubated with RNase at 37 ℃ for 1 h and then with
proteinase K at 56 ℃ overnight. DNA were extracted
sequentially with phenol, phenol : chloroform (1:1), and
chloroform. The DNA in aqueous phase was precipitated and
separated by 1.5% agarose gel electrophoresis, and then
visualized and photographed under transmitted UV light.
Examination of cell morphology
Cell morphology was examined by staining cells with AO
(1 g/mL) and EB (1 g/mL). Fluorescence was visualized
immediately with a fluorescent microscope. The normal
cells appear uniformly green; early apoptotic cells were
stained green and contained bright green dots in the nuclei
as a consequence of chromatin condensation and nuclear
fragmentation; late apoptotic cells will be incorporated by
ethidium bromide and therefore stained orange with
condensed and often fragmented nuclei.
Caspase activity assay
Cells were treated as indicated and collected by trypsinization.
Cells were resuspended in lysis buffer (50 mmol/L HEPES,
pH 7.4, 100 mmol/L NaCl, 0.1% CHAPS, 1 mmol/L DTT,
0.1 mmol/L EDTA) for 15 min on ice and centrifuged at
14 000 g at 4 ℃. The supernatants were collected as the
sample for caspase activity detection. The assay was performed
using a colorimetric substrate-based kit (Calbiochem) as the
manufacturer’s instruction.
Statistical analysis
Results are presented as mean±SD for the number of
experiments indicated. For statistical analysis, Student’s t test
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was performed. Differences were considered significant at
a level of P<0.05.

RESULTS
P38 was involved in TGF- 1-induced caspase activation and
apoptosis
Previously, it was reported that p38 is phosphorylated and
activated, likely through a SMAD-dependent mechanism,
during TGF-1-induced apoptosis[14]. As shown in Figure
1A, TGF-1 induced rapid p38 activation as determined
by increased phosphorylated p38 in AML-12 hepatocytes,
which started at 30 min and decreased at 4 h after TGF-1
administration. To address the role of p38 activation in
apoptosis induction, we tested the effect of SB202190, the
specific p38 inhibitor, on TGF-1-induced apoptosis. It was
shown in Figure 1B that SB202190 effectively inhibited TGF1-induced apoptosis as quantified by flow cytometry analysis
of sub-G1 DNA content. These results suggest p38 activation
by phosphorylation is critical for TGF-1-induced apoptosis.
It is widely accepted that apoptosis is a cell-suicide
program dependent on caspase activation, although caspaseindependent cell death has been documented. Caspase
activation has also been shown to be involved in TGF-1induced apoptosis[7]. To further explore the mechanism of
the anti-apoptotic action of p38 inhibition, we performed a
caspase-3, one of the executioner caspases, activity assay to
examine the caspase-3 activity in the presence or absence of
SB202190 in response to TGF-1. As shown in Figure 1C,
TGF-1-induced apoptosis was associated with the activation
of caspase-3, and SB202190 significantly inhibited TGF-1induced caspase-3 activity. Consistent with this result, the

DNA fragmentation induced by TGF-1 was also significantly
blocked in the presence of SB202190 (Figure 1D). These
results suggest that caspase activation is responsible for TGF1-induced apoptosis and p38 inhibition by SB202190
inhibits apoptosis by blocking caspase activation.
Both TPA and EGF antagonized TGF- 1-induced apoptosis
and induced the phosphorylation of p38
It is regarded that apoptosis can be blocked through different
mechanisms, including direct antagonism of pro-apoptotic
signaling elicited by apoptotic stimuli and activation of prosurvival signaling. It has been reported that TPA and EGF
are involved in the regulation of apoptosis induced by
different external stimuli[20,21]. To further understand the
anti-apoptotic mechanism of TPA and EGF, we also tested
their effect on TGF-1-induced apoptosis in AML-12 cells.
As shown in Figure 2A, the presence of TPA completely
abolished apoptosis induced by TGF-1, as determined by
both AO/EB staining of apoptotic cells (upper) and flow
cytometry quantification of sub-G1 contents (bottom).
Similarly, co-administration of the cells with EGF also
significantly inhibited TGF-1-induced apoptosis examined
by either AO/EB staining (Figure 2B, upper) or flow
cytometry analysis (Figure 2B, bottom). Considering the
critical role of p38 phosphorylation and activation in TGF1-evoked apoptotic signaling, we subsequently determined
the effect of TPA and EGF on the activation of p38.
Interestingly, both TPA (Figure 3A) and EGF (Figure 3B)
induced transient but rapid activation of p38, as determined
by increase of phosphorylated p38. Furthermore, we also
examined the effect of TPA and EGF on TGF-1-induced
p38 phosphorylation, but no significant effect was observed
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Figure 1 The role of p38 in TGF-1-induced apoptosis in AML-12 hepatocytes. A: AML-12 cells were treated with TGF-1 (5 ng/mL) for the
indicated time, and the phosphorylation of p38 was examined with anti phospho-p38 antibody; B, C and D: Cells were treated with TGF-1
(5 ng/mL) for 24 h in the presence or absence of SB202190 (10 mol/L). Apoptotic rate was determined by measuring DNA content with flow
cytometry analysis (B); the caspase-3 activity (C); and DNA fragmentation assay (D).
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Figure 3 The effect of TPA and EGF on the phosphorylation of P38.
Cells were treated with TPA (50 ng/mL) (A) or EGF (50 ng/mL) (B) for
the indicated time. The phosphorylation of p38 was examined with
anti phospho-p38 antibody.

(data not shown). These results suggest that both TPA and
EGF block TGF-1-induced apoptosis in hepatocytes, likely
through an indirect mechanism instead of direct antagonism
of pro-apoptotic p38 signaling.

SB202190 distinguished the differential phosphorylation of
p38 induced by TGF- 1, TPA and EGF
The fact that both pro-apoptotic TGF-1 and anti-apoptotic
TPA and EGF induce the phosphorylation of p38 promotes
us to examine whether these factors share a common
mechanism leading to this phenomenon. We tested the effect
of SB202190 on the phosphorylation of p38 induced by
different stimuli. Interestingly, it seemed SB202190 had little
effect on TGF-1-induced p38 phosphorylation (Figure 4A).
On the contrary, both TPA and EGF-induced p38
phosphorylation can be effectively inhibited by SB202190
(Figures 4B, C respectively). These results suggested that

the intrinsic kinase activity of p38 is necessary for TPA
and EGF-induced p38 phosphorylation, but not required
for TGF-1-induced p38 phosphorylation that was likely
catalyzed by an upstream kinase insensitive to SB202190.
In conclusion, the results show that differential mechanisms
are involved in TGF-1, TPA and EGF-induced p38
phosphorylations.

DISCUSSION
Currently, the mechanism responsible for TGF--induced
p38 activation and its potential role in apoptosis induction
remains to be further clarified. It seems that the role of
p38 activation in TGF--induced apoptosis is largely
dependent on certain cellular context. On one hand, it was
shown that p38 is involved in TGF--induced apoptosis[11];
on the other hand, it was shown that p38 activation by
TGF- in primary hepatocytes is associated with, but may
not be required for apoptosis induction[12]. Here, consistent
with a previous report[11], our data clearly show that TGF-1
induces phosphorylation and activation of p38, and p38
activation plays a pivotal role in TGF-1-induced apoptosis
in AML-12 hepatocytes. Considering the fact that p38
inhibition by SB202190 significantly blocks TGF-1-induced
caspase activation and apoptosis, we postulated that p38
activation by TGF-1 results in apoptosis through a
mechanism involving the regulation of caspase activation.
Apoptosis is a highly organized program that is under
the orchestrated balance of cellular pro-apoptotic and prosurvival signaling. Therefore, TGF-1-induced apoptosis
can also be blocked by either direct antagonism of proapoptotic signaling, for example inhibition of p38 activation
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Figure 4 SB202190 distinguishes the differential phosphorylation of P38 induced by TGF-1, TPA and EGF. A: AML-12 cells were treated with
TGF-1 (5 ng/mL) for 30 min or 2 h in the presence or absence of SB202190 (10 mol/L). The phosphorylation of p38 was examined by
immunoblotting and the protein level of p38 was examined by reprobing the membrane with anti-p38 antibody after stripping; B and C: Cells
were treated with TPA (50 ng/mL) for 15 min (B) or with EGF (50 ng/mL) for 5 min (C) in the presence or absence of SB202190 (10 mol/L) as
indicated. The phosphorylation and the protein level of p38 were examined as in A.

in this study or activation of pro-survival signaling. EGF
and TPA have already shown to be involved in the regulation
of cell growth, survival, and apoptosis. Here, we found
that both EGF and TPA significantly block TGF-1-induced
apoptosis in AML-12 hepatocytes. Interestingly, it seems
that the anti-apoptotic effect of both factors only last for a
relatively short period, and they are incapable of inhibiting
apoptosis after long time, for example 48-h incubation with
TGF-1 (data not shown). We hypothesize that the antiapoptotic effect of EGF and TPA is mainly due to the
activation of pro-survival signaling rather than direct
antagonism of TGF-1-elicited apoptotic signaling. We
therefore, examine the effect of both factors on the
activation of p38. The results show both EGF and TPA
can induce rapid phosphorylation of p38, although the
phosphorylation is transient. Accordingly, the presence of
both factors has no apparent effect on TGF-1-induced
phosphorylation of p38 (data not shown). These data
support our hypothesis that the anti-apoptotic effect of EGF
and TPA is not directly correlated with the antagonism of
TGF-1-induced pro-apoptotic p38 signaling. The results
also suggest that the activation of p38 may not be required
for the anti-apoptotic function of EGF and TPA.
The fact that both apoptotic TGF-1 and pro-survival
EGF, and TPA induce the activation of p38 promotes us
to further determine the mechanisms responsible for p38
activation by these factors with distinct effect on cell death
and survival. It is clear now that besides classical MAPKKKMAPKK-p38 kinase cascade, a TAB1-mediated autophosphorylation-dependent mechanism is also able to be
responsible for the activation of p38 [19] . Therefore, the
intrinsic kinase activity of p38 should play differential roles
in the regulation of its phosphorylation under different
conditions, for example in response to different external
stimuli. Interestingly, our data show that SB202190 has no
effect on TGF-1-induced phosphorylation of p38, while
completely inhibiting that induced by both EGF and TPA.
The results suggest that different mechanisms are involved
in the regulation of p38 activation induced by TGF-1,
EGF and TPA. While the intrinsic p38 kinase activity is
critical for EGF and TPA-induced activation, it is not
required for TGF-1-induced p38 activation. It is thus logical
to postulate that an upstream kinase insensitive to SB202190
is responsible for the activation of p38 by TGF-1. This is
consistent to the recent finding that TAK1 can function as
a MAPKKK to transmit TGF- signaling to activate p38[13,22].
Although both pro-apoptotic TGF-1 and pro-survival EGF

and TPA activate p38, their actual roles in apoptosis induction
or anti-apoptotic action remain unclear. It will be interesting
to further determine if p38 activation through different
mechanisms affects its different downstream effectors
leading to different cell fates, namely death or survival.
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Abstract
AIM: To evaluate the relationship between symptoms
and microscopic colitis (MC) subtypes: to test whether
collagenous colitis (CC) and/or lymphocytic colitis (LC)
might be related to both constipation and diarrhea.
METHODS: A cohort of patients with independently
confirmed typical histopathological changes was
investigated. Fifty-three patients with histologically proved
MC (46 with CC, 7 with LC) were included. The existence
of diarrhea or constipation and the co-existence of
autoimmune diseases were also investigated and all data
were retrospectively analyzed.
RESULTS: Twenty-three (43.39%) of MC patients had
chronic constipation (20 in CC, 3 in LC patients). Twentyfour (45.28%) of MC patients had autoimmune disease
and the diagnosis of autoimmune disease was always
prior to MC. Sjögren’s syndrome was associated only with
the constipation subgroup.
CONCLUSION: The Janus face of MC resembles the
subgroups of irritable bowel syndrome. The co-existence
of autoimmune diseases and MC is confirmed in both the
constipation and diarrhea subgroups.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The term “microscopic colitis” was first used in 1980 [1] .
Notoriously, microscopic colitis (MC) is characterized by
chronic watery diarrhea, a normal or near-normal gross
appearance of the colonic mucosa, and a specific histological
picture. Collagenous colitis (CC) has similar clinical and
histological features. Lindstrom first described it in 1976 as
an unusual cause of persistent watery diarrhea and he noted
a large sub-epithelial band of collagen deposited in the
rectum and colon[2]. Current nomenclature uses MC as an
umbrella term with two major subsets: CC (with chronic
mucosal inflammation and a thickened sub-epithelial collagen
band) and lymphocytic colitis (LC) (with inflammation but
no collagen thickening). Thus, LC and CC are relatively
“new” diseases with a normal colonoscopic appearance but
with characteristic histopathological features. They are welldistinguished by the presence of the thickened sub-epithelial
collagen table and can cause watery diarrhea. It is likely that
they are a spectrum of one disease, but this is yet to be
proven. Some authors have suggested that LC is an early
stage of CC[3-5]. By colonoscopy and barium enema the
colon appears almost normal. Diagnosis is established by
colonic biopsies. CC can be diagnosed from rectal or
sigmoid colon biopsy specimens in more than 90% of cases.
Arthralgias and various autoimmune conditions occur
commonly in patients with MC and an association has been
suggested[6-8]. Whether CC is a distinct and separate autoimmune
disease or a simple co-existence has not been clearly established.
Data on the pathophysiology of MC typically come from
small studies that often give conflicting results. Several
hypotheses have been raised, ranging from immune
dysregulation and/or autoimmunity to drug effect and
infection. It may be that the clinicopathological term of
MC encompasses several different diseases with similar
histological endpoints. MC (both CC and LC) can cause
not only diarrhea but also constipation. Most often,
constipation is short-lived and of little consequence in the
ordinary population. However, chronic constipation does
occur [9]. It is not obvious whether the patients suffering
from MC have diarrhea or constipation, all authors premise
the axiom of diarrhea [10]. On the other hand, diseases or
symptoms (i.e., food protein-induced enterocolitis, diarrhea
or constipation) involving the gastrointestinal system have
been attributed to hypersensitive reactions to food. Many
of these symptoms reflect the concept of “delayed” reactions.
This notion presumes that certain clinical symptoms reflect
allergies to food which develop over a period of hours or
days (or longer) and are caused by immunologic mechanisms
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other than immediate-type hypersensitivity[11]. For example,
cow-milk protein allergy should be considered as a cause
of chronic refractory constipation in children, although the
underlying mechanisms still require further investigation.
Dogs and cats have a similar disorder as MC that resolves
with a hypoallergenic diet[12].
Our aim was to determine the natural clinical history of
MC and to obtain more information on this disease on a
cohort of patients from a register set-up at our clinic with
independently confirmed typical histopathological changes.
This study was designed to evaluate the relationship between
symptoms and MC subtypes, to test whether CC and/or
LC might be related to both constipation and diarrhea. We
also investigated the co-existence of autoimmune diseases.
All data were retrospectively analyzed.

MATERIALS AND METHODS
The diagnostic criteria were made on the histopathological
features[13]. The histological features recorded were crypt
architecture distortion, the severity and distribution of
inflammation, surface degeneration, the presence and thickness
of a sub-epithelial collagen band (immunohistochemical
demonstration of tenascin expression), intraepithelial
lymphocytes, any excess of eosinophils or neutrophils and
the presence of apoptosis. (Figure 1).

Figure 1 Colonic mucosa in CC (tenascin immunostaining, ×400).
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1994 and 2004. All these paraffin blocks were collected at
the Department of Pathology. Two independent pathologists
verified the subsequent sections and completed the check
with additional investigations (intraepithelial lymphocytes,
tenascin labeling of the collagen layer, mast cells and
other lamina propria cell components). To avoid bias, all
microscopic slides were coded prior to analysis by one
observer and read blindly. With this, the histologically verified
patients were re-examined at the Third Department of
Medicine of the University of Debrecen (detailed history
taking and symptoms). Adult patients of both sexes were
included. None of the patients had an infectious disease.
The medical records for these patients were previously
reviewed by investigators and abstracted for patient
characteristics. The diagnoses of gluten sensitive enteropathy
(GSE), Crohn’s disease, allergic asthma, rhinitis and urticaria
were made using the formally accepted criteria. The diagnoses
of systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA), Sjögren’s syndrome (SS), undifferentiated connective
tissue disease (UCTD) and Hashimoto thyreoiditis were
based on American Rheumatism Association criteria. Serum
values of total IgE and antibodies to common food antigens
(milk protein, egg protein, soy protein, tomato and hazelnut)
were also determined and food allergens were detected by
‘‘Allergoset-IgE Food’’ kit (INTEX Diagnostika, Basel).
We used the definition of diarrhea in case of more
than 3 bowel movements per day (greater than 250 g
of liquid stool daily) for more than 1 mo. Most of the
patients define their constipation by one or more
symptoms: hard stools, infrequent stools (typically fewer
than three per week), the need for excessive straining, a
sense of incomplete bowel evacuation, and excessive time
spent on the toilet or in unsuccessful defecation. An
epidemiologic study of constipation in USA identified it as
an inability to evacuate stool completely and spontaneously
three or more times per week[15]. A consensus definition of
constipation (the Rome II criteria), used in current work, is
shown in Table 1[16].
Table 1 Rome II criteria for constipation in adults
Two or more of the following for at least 12 wk (not necessarily consecutive) in the
preceding 12 mo:

CC required a subepithelial collagen band of at least
10 µm and an increase in inflammatory infiltrate in the
lamina propria (with a preponderance of plasma cells and
lymphocytes). Patients showing a collagen band without any
inflammatory infiltrate in the lamina propria were excluded.
LC required an increase in the number of intraepithelial
lymphocytes and also chronic inflammation in the lamina
propria. This was assessed in a well-orientated part of the
section. The lamina propria was considered to have an
increase of chronic inflammatory cells if the normal gradient
of decrease in inflammatory cells down the lamina propria
was lost and if basal plasma cells were seen at the level of
the upper border of the muscularis mucosae at more than
one site[14].
The Department of Pathology of the University of
Debrecen certified the diagnosis of MC (46 with CC, 7
with LC) in the analyzed colonic biopsy specimens between

·
·
·
·
·
·
·
·

Straining >25% of bowel movements
Lumpy or hard stools >25% of bowel movements
Sensation of incomplete evacuation >25% of bowel movements
Sensation of anorectic blockage >25% of bowel movements
Manual maneuvers to facilitate >25% of bowel movements (e.g., digital evacuation
or support of the pelvic floor)
<3 bowel movements per week
No loose stools, and insufficient criteria for irritable bowel syndrome met

Statistical analysis
Statistical analysis was performed using SPSS v11.0 and
Microsoft Excel soft packs. Differences between groups
were tested using the Fisher’s exact test, independent samples
t-test and Mann-Whitney test.

RESULTS
Fifty-three patients had a diagnosis of collagenous or LC
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on the pathology database. All patients’ biopsies were taken
by colonoscopy because of abdominal pain and/or stool
problems (diarrhea or constipation) or weight loss, and
endoscopic evaluation demonstrated normal findings (the
macroscopic picture was normal). Constipation was found
in 23 patients (43.39%, 20 CC and 3 LC patients) and
diarrhea in 30 patients (56.61%, 26 CC and 4 LC patients).
The average age of the CC and LC patients was 51.56 years
(range 26-79) and 43.42 years (range 19-59). The average
age of MC patients with constipation and diarrhea was
54.95 and 47.32 years, respectively. This association was
significant (P = 0.032). The demographic data and symptoms
for each type of colitis are given in Table 2.

UCTD (2 patients with MC/CC) were associated only with
diarrhea (Figure 3).

Crohn’s

1

GSE

1

CC constipation
1

Hashimoto ty.

3

3

UCTD

LC diarrhoea

2

SLE

2

RA

1

1

Sjögren’s

CC diarrhoea

4
5

0

2
4
6
Number of patients

8

Table 2 Demographic data and symptoms for each type of colitis
CC (n=46)
Average age: 51.56, n (%)
Gender M/F

LC (n=7)
Average age: 43.42, n (%)

21/25

2/5

Diarrhea

26 (56.52)

4 (57.14)

Constipation

20 (43.48)

3 (42.86)

Abdominal pain
Weight loss

18 (39.3)
16 (34.78)

4 (57.14)
2 (28.57)

Cholecystectomy

5 (10.86)

0

Appendectomy
Allergic disease1
Autoimmune disease2

5 (10.86)

2 (28.57)

22 (47.82)
22 (47.82)

2 (28.57)
2 (28.57)

1
Allegic disease: asthma, allergic rhinitis, allergic urticaria and/or increased
IgE type antibody titres against food allergens 2Autoimmune disease: SLE,
RA, SS, UCTD, Hashimoto thyreoiditis, Crohn’s disease and celiac disease.

The most common symptoms were abdominal pain and
weight loss, but there was no difference in their incidence.
In CC patients, 5 had a history with appendectomy and 5
with cholecystectomy, and 2 LC patients with appendectomy.
There were 24 patients with clearly defined autoimmune
conditions (GSE and Crohn’s disease also included, as shown
in Figure 2).

Crohn’s

1

GSE

1

CC

1
6

H. thyreoiditis
UCTD

2

SLE

2

1

RA

5

Sjögren’s

5
0

LC

2
4
6
Number of patients

8

Figure 2 Distribution of autoimmune diseases in MC. Crohn’s:
Crohn’s disease GSE: celiac disease H. thyreoiditis: Hashimoto
thyreoiditis UCTD: undifferentiated connective tissue disease SLE:
systemic lupus erythematosus RA: rheumatoid arthritis Sjögren’s:
Sjögren’s syndrome.

Sjögren’s disease was associated only with CC and
constipation. SLE (2 patients with CC and 1 with LC) and

Figure 3 Relation between autoimmune diseases and the type of
MC (constipation/diarrhea) Crohn’s: Crohn’s disease GSE: celiac disease H. thyreoiditis: Hashimoto thyreoiditis UCTD: undifferentiated
connective tissue disease SLE: systemic lupus erythematosus RA:
rheumatoid arthritis Sjögren’s: Sjögren’s syndrome.

The diagnosis of autoimmune disease preceded the
diagnosis of MC in all patients and no significant association
was found between gender and the time of onset of MC.
The average time of onset was 4.12 years in male patients
and 6.56 years in females. Common allergic diseases (asthma,
allergic rhinitis, and allergic urticaria) and/or increased IgE
type antibody titers against food allergens were found in 24
of 53 patients with MC (45.28%), and in 22 (47.82%) CC
patients and in 2 (28.57%) LC patients. IgE type antibodies
against hazelnut, tomato, soy protein, milk protein, egg
protein, and gliadin were found.
Clinical course of the patients was not the same. Most
of the patients with MC had chronic watery diarrhea but
the other group had constipation. Most of them responded
to budesonide (Budenofalk, Dr Falk Pharma, 1×9 mg/d)
and entered a long lasting remission period.

DISCUSSION
Symptoms of MC can cease and patients may have not
any complaints, but intermittent or continuous diarrhea can
remain[17-20]. CC is characterized by diarrhea, lymphocytic
inflammation, and a thickened sub-epithelial collagen layer
in the colorectal mucosa[2]. Frequent watery diarrheas have
the clinical picture of CC and LC and intermittent or
continuous diarrhea can remain[21]. On the other hand,
numerous cases never suffer from episodes of watery
diarrhea but chronic constipation. We had investigated 53
patients with histologically identified MC. We propose that
MC is a Janus-faced disease as 23 of them had chronic
constipation and 30 had the well-known diarrhea.
There are many reports with several hypotheses on
potential pathophysiological mechanisms in MC. Current
understanding of MC defines it as an inflammatory disorder
of the bowels. Acute inflammation is a beneficial non-specific
response of tissues to injury that generally leads to repair
and restoration of normal structure and function. MC seems
to be a chronic inflammatory process of the bowels. The
factors that initiate and perpetuate remodeling are incompletely
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understood. It is not clear whether gut remodeling is a normal
response to an injury or whether the remodeling/repair
response is itself an abnormal response. In addition, while
remodeling is generally believed to be disadvantageous, in
some ways it may serve as a protective function. The balance
between these effects in vivo is speculative. The gut wall of
patients with MC can be characterized by a number of
structural changes and it is not known which one (s) are the
most useful and relevant markers.
Allergy (food allergy) can cause both diarrhea and
constipation. Diseases or symptoms (i.e., food proteininduced enterocolitis, diarrhea or constipation) involving the
gastrointestinal system have been attributed to hypersensitive
reactions to food[22-25] . Albeit the etiology of CC is still
unknown but the sub-epithelial band-like collagenous deposit
may be produced by fibroblasts after an immune stimulation.
In case of CC, the mesenchymal cells’ myofibroblastic
transformation occurs within the accumulated sub-epithelial
extra cellular matrix[26,27]. According to the recent data the
bulk of accumulated sub-epithelial extra cellular matrix is
composed of type VI collagen and tenascin[28,29]. The increased
number of mast cells besides the myofibroblasts is
remarkable in the “fibrotic” layer, which is characteristic in
CC. The presence of a different distribution of mast cells
and macrophages in CC and inflammatory bowel disease
suggests that mucosal mast cells play a role in the development
of Th2 response CC rather than Th1[30,31].
Our data support the hypothesis that patients with MC
may have laboratory and/or clinical evidence of allergic
diseases and/or food allergy and these mean a possible
connection between MC and food allergy. Remodeling of
the gut wall is thought to be a result of chronic inflammation.
Since steroids reduce or reverse inflammation, they may
also reduce or reverse remodeling. However, there is also
in vitro evidence for a direct effect of steroids on the cells,
growth factors, and cytokines which are thought to be central
in the remodeling process. Corticosteroids are the most
effective drugs available for the treatment of allergic diseases
because they have potent anti-inflammatory effects. Topical
corticosteroids work by reducing the effects of histamine
and other inflammatory mediators involved in the allergic
response and repeated dosing inhibits both the early and
late phase allergic reactions. All the patients receiving
budesonide had clinical response.
The etiology of MC is still unknown and more research
is needed. Up to now, it is not clear whether CC is a distinct
entity or only an epiphenomenon of another disease which
leads to thickening of the collagen layer[32, 33]. Whether MC
(both CC and LC) is an autoimmune disease has not been
conclusively established. Autoimmune diseases occur in
patients with MC and an association with various autoimmune
diseases has been suggested, but no serological findings
support such a theory[34-36].
Because of the clinical heterogeneity in our study
population, the descriptive term MC syndrome may be a
more prudent diagnosis than MC. We think that the
frequency of MC will increase with better recognition.
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Abstract
AIM: In patients with liver cirrhosis, hypoalbuminemia
causes edema and ascites, and a reduction in the quality
of life. Since musculature is catabolized to supply amino
acids for albumin synthesis in malnutritional cirrhotic
patients, muscular volume is hypothesized to play an
important role in albumin production. Therefore, we
investigated the correlation between serum albumin levels
and the fat-free mass (FFM) in cirrhotic patients.
METHODS: Fifty-seven patients (26 males and 31 females)
with compensated liver cirrhosis were evaluated. Patients
with edema or ascites were excluded from the study.
Healthy volunteers (n = 104; 48 males and 56 females)
were also evaluated as controls. FFM was measured using
5-500 kHz multifrequency bioelectric impedance analysis.
To minimize the difference in FFM distribution between
males and females, we introduced a new marker, relative
FFM (rFFM), which represents the ratio of FFM in a patient
relative to that in a volunteer of the same height. Following
FFM measurement, the serum albumin levels of patients
were assayed monthly.
RESULTS: In patients with active cirrhosis (alanine
aminotransaminase [ALT] >50 U/L), both albumin (the
difference between maximum and minimum levels) and
the standard deviation of albumin levels (SD-albumin) during
the observation period showed a significant correlation
with rFFM. Multiple linear regression analysis using variables
such as rFFM, platelet number, and serum cholesterol levels,
choline esterase, albumin, bilirubin, and ALT revealed that
rFFM and ALT were significant and independent factors
that influenced albumin or SD-albumin in cirrhotic patients.
CONCLUSION: Our results indicate that cirrhotic patients
with high rFFM showed less of a decrease in albumin
levels, and that the muscle volume is one of the most

important factors for maintaining serum albumins level
in active cirrhosis. Exercise and protein-rich nutrition at
the early stage of liver cirrhosis may be advisable for
maintaining or increasing muscular volume.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In earlier reports, several factors were established for
predicting the prognosis of patients with liver cirrhosis, such
as ascites, liver volume, encephalopathy, esophageal varices,
serum albumin, serum bilirubin and clotting factors[1-5] .
Among these factors, serum albumin level was commonly
regarded as the most reliable. The usefulness of utilizing
hepatic protein synthesis as a parameter for predicting the
prognosis of cirrhotic patients is supported by a series of
reports, which showed that a medication with branched amino
acid elevated the serum levels of albumin and improved
the prognosis[6-8]. Besides predicting survival, maintaining
high albumin levels is clinically important for patients with
liver cirrhosis, because decreased serum albumin levels cause
ascites and edema, which lower the quality of life.
With respect to protein metabolism in cirrhotic patients,
it should be emphasized that musculature plays an important
role as an amino-acid pool. In healthy controls, the amino
acid pool is distributed in the musculature (80%), liver (15%)
and plasma (5%)[9]. In cirrhotic patients, starvation readily
induces muscle protein catabolism because there is relatively
little glycogen stored in the cirrhotic liver. Therefore, in the
assessment of nutritional status in cirrhotic patients, the
evaluation of muscle protein stores is important.
Bedrest is commonly prescribed for the management
of patients with liver cirrhosis. However, it is obvious that
a bedrest results in muscle volume reduction, which might
reduce the serum levels of albumin. Therefore, it seems
reasonable to postulate that cirrhotic patients with high
muscle volume would be more resistant to reductions in
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serum albumin associated with the progression of liver
damage. In order to confirm this hypothesis, we examined
the relationship between serum albumin levels and body
composition in cirrhotic patients.
A number of techniques are available for measuring
body compartments, such as dual energy X-ray absorptiometry
(DEXA), total body potassium measured by whole-body
potassium-40 counting, total body water measured by isotope
dilution, in vivo neutron activation analysis (IVNAA), and
bioelectric impedance analysis (BIA). Those techniques,
except BIA, associated with high cost and labor-intensive
methods. Although BIA has been used to estimate fat-free
mass (FFM) of cirrhotic patients at bedside, the validity of
the measurements obtained with the single-frequency
method has been questioned. Borghi (1996) showed that
multifrequency BIA might yield valid body composition data
for cirrhotic patients without ascites[10]. In the present study,
we used multifrequency BIA for measuring FFM and we
limited the study population to cirrhotic patients without
ascites or edema.

MATERIALS AND METHODS
Patients
Fifty-seven patients with compensated liver cirrhosis, who
were outpatients of our department from April 2000 to
March 2002, were evaluated (Table 1). They consisted of
26 males and 31 females, and ranged in age from 27 to
83 years. Fifty-two (92%) and five (8%) patients were
classified as Child A and Child B without edema and ascites
respectively. Fifty (88%) and 7 (12%) cases were caused by
hepatitis C virus and hepatitis B virus, respectively. There
was no significant difference in the basic characteristics
between males and females (Table 1). Patients with edema
were excluded from this study. Ultrasonography (US) was
done to confirm that the evaluated patients did not have
ascites. The patients were diagnosed with liver cirrhosis based
on the results of liver biopsy and/or imaging studies
(computed tomography and USA). One hundred and four
volunteers (48 males and 56 females) were also evaluated
as control.
For all patients, 5-500 kHz multifrequency BIA was
performed using InBody 3.0 (Exercise Physiology USA and
Biospace Co., Ltd.) [11]. On the same day, they underwent
general laboratory examination for albumin, bilirubin,
y = 0.565x-43.261 r2 = 0.610

Variables
n
Age (yr)
Etiology

Female

All

26

31

57

62.0±11.4
23/2/1/0

66.0±10.0
27/2/1/1

64.2±10.8
50/4/2/1

(HCV/HBV/Alcohol/PBC)
Child-Pugh (A/B/C)

23/3/0

29/2/0

52/5/0

BMI
Albumin (g/dL)

23.7±2.2
3.38±0.49

22.0±2.7
3.57±0.47

22.8±2.6
3.48±0.48

Bilirubin (mg/dL)

1.31±0.64

1.09±0.49

1.19±0.57

AST (U/L)

87.2±71.7

76.0±55.1

81.1±62.9

77.7±72.3
155.3±38.2

64.9±70.1
156.3±27.3

70.7±70.8
155.9±32.3

83.0±32.2

92.0±38.9

88.0±36.0

9.1±3.8

10.9±6.5

10.1±5.5

ALT (U/L)
Cholesterol (mg/dL)
ChE (mg/dL)
Platelet (×104/L)

cholesterol, aspartate aminotransaminase (AST), alanine
aminotransaminase (ALT), and blood platelet count. The
patients and control volunteers fasted overnight prior to
the laboratory examinations. FFM was calculated as
described previously[10,11]. After measurement of FFM,
serum biochemistry assays were performed every month
on an outpatient basis. The average observation period was
15.4 mo, ranging from 12 to 24 mo.
Statistical analysis
The results of laboratory data are shown as mean±SD.
Differences in the average and dispersion of FFM and
rFFM between males and females were confirmed by t-test
and f-test. Stepwise multivariate linear regression analysis
was performed to confirm the significant predictive factors
for albumin stability using variables such as rFFM, albumin,
bilirubin, cholesterol, ALT, and blood platelet count.

RESULTS
Standard FFM of volunteers
In order to evaluate the relationship between FFM and
height, 48 male and 56 female volunteers, whose body mass
index (BMI ) ranged from 20 to 24, underwent
multifrequency BMI. As shown in Figure 1, there was a
good correlation between FFM and height for males and
females, and the standard FFM could be calculated as below.
Male: standard FFM (kg) = 0.565×height (cm) - 43.261;
Female: standard FFM (kg) = 0.677×height (cm) - 66.084.
y = 0.677x-66.084 r2 = 0.820

Female
55

60

40

Height (cm)

185

180

175

30

170

40
165

35
160

45

180

50

45

170

55

160

FFM (kg)

50

155

FFM (kg)

Male

150

65

Table 1 Characteristics of the 57 patients at base line (mean±SD)

140

Male

1357

Height (cm)

Figure 1 Correlation between fat-free mass (FFM) and height in volunteer males (right panel) and females (left panel). There was a significant
positive correlation between FFM and height in each sex (male: r = 0.781, P<0.0001; female: r = 0.906, P<0.0001).
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Calculation of relative FFM
According to the regression formula above, expected FFM
was calculated using the height for each patient. Then relative
FFM (rFFM) was then calculated as follows. rFFM (%) =
(measured FFM/standard FFM) ×100. In short, rFFM
represents the ratio between the FFM of a patient and that
of a normal control with an average structure and the same
height as the patient.
The left columns in Figure 2 show the FFM distributions
of cirrhotic patients, and there was a significant difference
in dispersion between males and females (P<0.001). In
calculating rFFM for the patients (right columns of Figure 2),
the dispersion did not differ significantly between males
and females. Therefore, it was possible to compare rFFM
of patients regardless of their sex differences.
SD-albumin and -albumin
Serum albumin levels were measured for all patients every
(n)
12
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month. Using the monthly results, standard deviation was
calculated for all patients (SD-albumin). The difference
between the maximum and minimum results during the
entire observation period was also calculated (albumin). Both
SD-albumin and -albumin were considered to be indications
of the stability of hepatic synthetic function.
Comparison of rFFM and SD-albumin, or rFFM and
-albumin for all patients, showed no significant correlations.
However, when the analysis was limited to patients with
average ALT levels over 50 U/L, we found significant
correlations between rFFM and SD-albumin, and between
rFFM and -albumin (Figure 3).
Multiple regression analysis
It is reasonable that rFFM correlates significantly with
SD-albumin and -albumin in patients with high ALT levels,
since the demand for amino acids would be increased under
conditions in which hepatocytes are regenerating. However,
(n)
12

Male

10

10

8

8

6

6

4

4

2

2

0

Male

0
20

(n)
12

30

40
50
FFM (kg)

60

70

70
(n)
12

Female

10

10

8

8

6

6

4

4

2

2

80

90

100 110
rFFM (%)

120

130

90

100 110
rFFM (%)

120

130

Female

0

0
20

30

40
50
FFM (kg)

60

70

70

80

Figure 2 Distribution of fat-free mass (FFM) and relative FFM (rFFM) in cirrhotic patients. In FFM, the distributions among the sexes differed
significantly (left two columns) (P<0.001). In contrast, when rFFM was applied for the same patients (right two columns); the dispersion did
not differ significantly.

y = -0.005x+0.658 r = 0.415 P = 0.017
0.4
SD-albumin (g/dL)

1.0

0.5

2

-albumin (g/dL)

y = -0.019x+2.603 r = 0.469 P = 0.006
1.5

0.0

0.3
0.2
0.1
0.0

80

90

100 110
rFFM (%)

120

80

90

100 110
rFFM (%)

120

Figure 3 Correlation between rFFM with -albumin (right panel) and SD-albumin (left panel). In patients with average ALT levels >50 U/L, there
was a significant correlation of rFFM with SD-albumin (r = 0.469, P = 0.006) and with -albumin (r = 0.415, P = 0.017).
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other factors, such as the hepatic functional reserve or
nutritional status at the time of rFFM measurement, might
also influence SD-albumin and -albumin.
To investigate this possibility, we performed stepwise
regression analysis using variables such as rFFM, platelet
number, and the serum levels of cholesterol, chorine
esterase, albumin, bilirubin and ALT. This analysis revealed
that rFFM and ALT were independent predictors for both
-albumin and SD-albumin (Table 2).

Table 2 Univariate analysis of -albumin and SD-albumin, and multivariate analysis using potential univariate predictors
vs -Albumin
Univariate analysis

Multivariate analysis

R2

F

P

F

rFFM

0.094267

5.6202

0.0214

6.0402

0.0173

Albumin

0.016847

0.9254

0.3404

-

-

Bilirubin

0.017005

0.9342

0.3381

-

-

ALT

0.08064

4.7365

0.0339

5.0355

0.0290

Cholesterol

0.009282

0.4965

0.4841

-

-

Platelet

0.021799

1.1811

0.2821

-

-

P

vs SD-Albumin
Univariate analysis
R2

Multivariate analysis

F

P

F

P

rFFM

0.06456

3.7268

0.0488

3.8602

0.0447

Albumin

0.02243

1.2390

0.2706

-

-

Bilirubin

0.003762

0.2039

0.6534

-

-

ALT

0.072818

4.2410

0.0443

4.3666

0.0415

Cholesterol

0.005361

0.2857

0.5952

-

-

Platelet

0.02186

1.1845

0.2814

-

-

DISCUSSION
It has been widely accepted that the determination of body
composition is useful for evaluating nutritional status.
However, traditional methods, such as skinfold measurement,
are easy to perform but lack accuracy and reproducibility.
On the other hand, other methods such as tracer dilution,
neutron activation analysis and DEXA require sophisticated
equipments and skilled technique. In recent years, BIA has
emerged as a simple and reproducible method that can be
used for the evaluation of FFM. Several reports have shown
that the results of BMI correlate well with those of other
methods[12,13].
Regardless of the method used for the analysis of body
composition, sex differences have been a substantial obstacle.
The results of measurements in males and females cannot
be readily compared since their average body composition
values differ significantly. To solve the problem, we applied
a new factor, rFFM (= [measured FFM/standard FFM]
×100%). Using this new variable, we could compare the
FFM results of all patients, regardless of their sex. Although
we used the formula derived from the correlation between
the FFM and height of the controls in calculating rFFM, the
average body compositions are known to differ by race[14,15].
Therefore, the controls for standard curves should be
prepared for each individual study.
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Our results revealed that rFFM correlated with -albumin
and SD-albumin in patients with high ALT levels, which
indicated that muscle volumes would be one of the most
important factors for maintaining the serum albumin level
in active cirrhosis. This result seems reasonable since muscle
protein serves as an amino acid pool. It should be noted
that the stability of serum albumin levels is important not
only for predicting the prognosis of patients with liver
cirrhosis, but also to ensure a high quality of life. Serum
albumin accounts for the colloid osmotic pressure of
plasma; therefore hypoalbuminemia causes ascites, edema,
and a reduction of circulating plasma volume, which would
exacerbate hepatic failure.
In order to maintain or improve muscle volume, two
interventions should be considered namely, amino acid
supplementation and exercise. Cirrhotic patients often suffer
from negative energy balance even at an early stage of the
disease, characterized predominantly by protein deficiency
and it is well known that they also have reduced plasma
branched-chain amino acid (BCAA). Recent studies
demonstrated the efficacy of branched-chain amino acid
supplementation in improving the hypoalbuminemia of
cirrhotic patients[7,8]. In the present study, none of the patients
had received BCAA-supplementation because decompensated
patients were excluded. Theoretically, BCAA-supplementation
could inhibit muscle catabolism and contribute to the
maintenance of muscle volume.
Regarding the usefulness of exercise for cirrhotic
patients, most reports have focused on decompensated
patients with ascites. Salo et al [16], noted that moderate
physical exercise caused a marked impairment in the renal
function of patients with ascites as well as marked stimulation
of vasoconstrictor systems, whereas Garcia-Pagan et al[17],
indicated that moderate exercise increased portal pressure
and might therefore increase the risk of variceal bleeding
in patients with esophageal varices. Although the contribution
of exercise to the prognosis of cirrhotic patients remains
unclear, we believe that exercise at the compensated stage
would be useful for maintaining muscle volume which could
delay the emergence of symptoms such as ascites and edema
that accompany the progression of cirrhosis. Once ascites
emerge in a cirrhotic patient, abdominal fullness causes
appetite loss, which induces further hypoalbuminemia and
reduction of hepatic blood flow. To avoid such an injurious
cycle, it is important to prevent hypoalbuminemia at the
compensated stage. Taken together, the evidence suggests
that the periodic evaluation of body composition using BAI,
in addition to the physician’s recommendation for exercise,
would be useful for improving the prognosis of compensated
cirrhotic patients.
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Abstract
AIM: To compare the accuracy of capsule 13C-urea breath
test (UBT) with conventional invasive methods for the
diagnosis of Helicobacter pylori infection.
METHODS: One hundred patients received CLO test,
histological examination, culture and 100- or 50-mg
capsule UBT for the diagnosis of H pylori infection. H pylori
infection was defined as those with positive culture or
positive results from both histology and CLO test.
RESULTS: Both the sensitivity and specificity of the 100-mg
capsule UBT (n = 50) were 100%. The sensitivity and
specificity of the 50-mg capsule UBT (n = 50) were 96.4
and 100%, respectively. Taken together, the accuracy of
capsule UBT (n = 100) was higher than that of CLO test,
histology and culture (100% vs 92%, 91% and 89%,
respectively; P = 0.035, 0.018 and 0.005, respectively). Our
data showed that the optimal timing of sampling for 100and 50-mg capsule UBT was 15-30 and 6-15 min, respectively.
CONCLUSION: Capsule UBT has a higher accuracy
compared with biopsy-based tests. It is an ideal method
for the diagnosis of H pylori infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
C-urea breath test (UBT) has become a highly reliable
method for the non-invasive diagnosis of Helicobacter pylori
(H pylori) infection[1-3]. It is the ideal test for those in whom
endoscopy is not required because it offers the combination
of simplicity, accuracy and absence of exposure to
radioactivity[3-6] . It is also a good method in monitoring
treatment success following anti-H pylori therapy, because it
can avoid the false negative result from the biopsy-based
tests due to patchy distribution of bacteria in the gastric
mucosa and the false positive result from serology caused
by previous H pylori infection.
The principle of UBT is based on the high urease activity
of H pylori in vivo. The orally administrated 13C-labeled urea
is readily hydrolyzed by urease of the organism to ammonia
and 13CO2. The latter can be detected through the collection
of the expired samples. However, it is important to note
that some urease-containing oral floras are also capable of
hydrolyzing urea[7,8]. The conventional UBT uses a liquid
form of urea solution. On such way of urea ingestion,
breath 13CO2 may increase at an earlier sampling time after
consumption due to the presence of oral urease[8]. Cleansing
mouths and delayed sampling collection at least 10 min after
consumption are commonly used to avoid false positive
results.
To prevent the effect of oral urease activity, we have
previously developed an endoscopic UBT for the diagnosis
of H pylori infection. This diagnostic method applied 13 Curea to the stomach through the working channel of
endoscope, and thus could avoid contamination of urea
from oral urease. Our data demonstrate that the new
modality can rapidly discriminate between H pylori-positive
and H pylori-negative patients at 2 min after the consumption
of 13 C-urea with 100% of both sensitivity and specificity.
Additionally, its diagnostic accuracy is significantly higher
than that of culture, histology and CLO test[9]. Nonetheless,
endoscopic UBT is an invasive method for the diagnosis
of H pylori infection and it is not a good choice for the
patients not requiring endoscopic examinations.
We therefore developed a capsule UBT to improve its
clinical application. The patients swallowed urea-containing
13
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capsules during the test to prevent the release of urea before
reaching the stomach. The aims of this study were to
compare the accuracy of capsule UBT with conventional
methods for the diagnosis of H pylori infection and to find
an optimal dosage and timing for sampling collection.

MATERIALS AND METHODS
Patients
From August 2001 to July 2003, 100 patients who attended
the routine upper gastrointestinal endoscopy were included
in the present study. Fifty-seven were males and 43 were
females, aged 20-83 years. Criteria for exclusion included
use of proton pump inhibitors within 1 mo before endoscopy,
antibiotic ingestion within 1 mo before endoscopy, serious
medical illness, and previous history of anti-H pylori therapy.
Written informed consent was obtained from each subject.
This study was approved by the Human Medical Research
Committee of our hospital and by the Department of
Health, Taiwan.
Upper gastrointestinal endoscopy, CLO test, histology and culture
During endoscopy, four gastric biopsy specimens were
taken from lesser curvature 2 cm from the pylorus. Two
specimens were fixed immediately in 10% neutral-buffered
formalin for histological examination, one for urease test
(CLO test, Delta-West, Bently, Australia), and the other for
culture. Samples were sent to different laboratories that
were blind to the results of other tests. The CLO test was
monitored for color change up to 24 h after the addition
of the gastric tissue. The gel was not warmed above ambient
temperature at any time during the incubation period. The
specimens for microbiological examination were transferred
with brain heart infusion in ice and inoculated onto the
CDC anaerobic blood agar (Becton Dickinson Microbiology
System, Cockeysville, Maryland). The agar was incubated
at 35 ℃ for 2 d in a micro-aerophilic gas mixture containing
5% O2, 100 mL/L CO2, and 85% N2. Culture-positive
patients were those with bacterial colonies grown in culture
within 7 d. The organisms were identified as H pylori by
Gram staining, colony morphology and positive oxidase,
catalase and urease reaction. Histology-positive patients were
those with curved organisms seen in H&E-stained sections
under microscope. Although there is no real gold standard
for the diagnosis of H pylori, cultures should be 100%
specific if the procedures are performed properly. Use of
culture alone as the gold standard may yield false negative
results due to the inherent difficulties of culture. Hence, in
the present study we defined patients with H pylori infection
as those with positive culture or positive results from
histology and CLO test.
Capsule UBT
The capsule UBT was done within 7 d of the endoscopy
before antibiotic treatment was given. The 13 C-urea, 99atom% 13C-labeled urea, was produced by the Institute of
Nuclear Energy Research (INER), Taiwan. Of the 100
patients, 50 received 100-mg capsule 13C-urea and 50
received 50-mg capsule 13C-urea. No test meal was used in
this study. Patients were asked to fast for at least 6 h. A
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baseline sample was collected in duplicate by breathing out
through a straw into a 13 mL vacutainer tube. Patients then
underwent a mouth washing by gargling to avoid the
influence of oral urease, and received 100- or 50-mg capsule
13
C-urea. Thereafter, patients were lying down and changing
sides every 5 min. Breath samples were collected from the
subjects 2, 4, 6, 8, 10, 15, 20, 25 and 30 min after 13C-urea
consumption. All samples were sent to INER where a
continuous flow isotope ratio mass spectrometer (CF-IRMS)
(Europa Scientific Ltd, Crewe, UK) was used for analysis.
One of the authors performed the analysis without knowing
the results of the status of H pylori in the patients.
Values were expressed as an excess 13CO2‰ excretion.
The 13CO2 is the ratio of 13C to 12C in the sample compared
to the Pee Dee Belemnite (PDB) standard. The equation is
given as:  13 CO2 = (R samp-R std)/Rstd×1 000. R samp and R std
represent the ratios of 13 C to 12 C in sample and standard,
respectively. Excess 13CO2 is the value of 13CO2 detected
at various time point minus that at the baseline.
Statistical analysis
Sensitivity, specificity and accuracy of capsule UBT were
calculated for various cutoff values at different time points
according to the predefined gold standard. The optimal
cutoff value was determined by comparing the positions
of the full curve in a graph from the receiver operating
characteristic (ROC) curves[10] . The optimal timing was
defined as the time point at which the sums of the false
negatives plus false positives were minimized. Student’s t
test was used for statistical analysis at different time points
of UBT values. 2 test was used to determine the significance
of differences between capsule UBT and biopsy-based
modalities. Differences were considered statistically
significant at P<0.05.

RESULTS
Capsule UBT
Table 1 shows the means and standard deviation of excess
 13 CO2 and t test values of the 100- and 50-mg capsule
UBT at different time points. In the 50 cases that received
100-mg capsule 13 C-urea, 18 were H pylori-positive and 32
H pylori-negative subjects. Breath 13CO 2 values were
significantly higher in the H pylori-positive subjects than those
in the H pylori-negative subjects from 2 min. According to
the ROC curves, the sensitivity and specificity were both
100% at 15 min with a cutoff value of 5 13CO2‰, and at
20-30 min with a cutoff value of 4-5  13CO 2‰. The
optimal sampling time for discriminating H pylori-positive
and H pylori-negative patients was accordingly between 15
and 30 min with 100% sensitivity and 100% specificity. In
the 50 cases who received 50-mg capsule 13C-urea, 28 were
H pylori-positive and 22 H pylori-negative subjects. Breath
13
CO2 values were significantly higher in the H pylori-positive
subjects than those in the H pylori-negative subjects from
2 min (Table 1). The sum of the false negatives plus false
positives was the smallest at 6-10 min with a cutoff value
of 1 13CO2‰ and at 15 min with a cutoff value of 1-2 
13
CO2‰. Therefore, the optimal timing was between 6 and
15 min with 96.4% sensitivity and 100% specificity.
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Table 1 Comparison of data from 100- and 50-mg capsule UBT at different time points
Method

2 min

100-mg H pylori (+)

4.15 (5.33)

4 min
b

6 min

9.8 (11.02)

b

13.29 (11.73)

8 min
b

16.82 (14.03)

10 min
b

19.37 (15.55)

15 min
b

22.13 (14.89)

20 min
a,b

23.57 (17.63)

25 min
a,b

20.63 (15.23)

30min
ab

20.07 (15.29)a,b

UBT
H pylori (-)
50-mg H pylori (+)

0.39 (1.08) 0.32 (0.58)
1.8 (1.81)b 6.63 (5.39)b

0.45 (1.66)

0.29 (1.32)

0.48 (1.42)

0.31 (1.05)

9.95 (7.01)b

11.68 (7.48)b

12.17 (7.59)b

12.79 (7.29)b

0.04 (0.31)

-0.01 (0.33)

0.01 (0.31)

-0.08 (0.35)

0.42 (1.08)
13.17 (8)b

0.35 (0.87)

0.53 (0.9)

12.56 (8.02)b

11.62 (6.75)b

0.02 (0.39)

0.02 (0.42)

UBT
H pylori (-)

0.04 (0.33) 0.04 (0.29)

0.1 (0.46)

Values are in excess 13 CO 2 excretion‰: mean±SD. aP<0.05 (100-mg UBT H pylori (+) vs 50-mg UBT H pylori (+)), bP<0.01 (H pylori (+) vs H pylori (-)).

Comparison of capsule UBT and biopsy-based modalities
Sensitivity, specificity and accuracy of all the diagnostic
modalities used in the present study are shown in Tables 2-4.
Compared with biopsy-based modalities, the accuracy of
100-mg capsule UBT was higher than that of the CLO
test, histology and culture (Table 2, 100% vs 96%, 90 and
98%), although the differences were not statistically
significant (P>0.05). The sensitivity and accuracy of 50-mg
capsule UBT were significantly higher than those of culture
(Table 3, 96.4% vs 64.2%, P = 0.005; 98% vs 80%, P = 0.008).
Table 2 Sensitivity, specificity and accuracy of tests for the diagnosis of H pylori infection in patients with 100-mg capsule UBT

CLO test (n = 50)
Histology (n = 50)
Culture (n = 50)
100-mg UBT (n = 50)

Sensitivity (%)

Specificity (%)

Accuracy (%)

94.4 (17/18)
88.9 (16/18)
94.4 (17/18)
100 (18/18)

96.6 (31/32)
90.6 (29/32)
100 (32/32)
100 (32/32)

96 (48/50)
90 (45/50)
98 (49/50)
100 (50/50)

Table 3 Sensitivity, specificity and accuracy of tests for the diagnosis of H pylori infection in patients with 50-mg capsule UBT

CLO test (n = 50)
Histology (n = 50)
Culture (n = 50)
50-mg UBT (n = 50)

Sensitivity (%)

Specificity (%)

82.1 (23/28)
92.9 (26/28)
64.2 (18/28)b
96.4 (27/28)

95.5 (21/22)
90.9 (20/22)
100 (22/22)
100 (22/22)

Accuracy (%)
88 (44/50)
92 (46/50)
80 (40/50)b
98 (49/50)

b

P<0.01 vs UBT.

Taken together (Table 4), the sensitivity of capsule UBT
(n = 100) was significantly higher than that of culture (97.8%
vs 76.1%, P = 0.004). It also had a higher specificity
compared with histology (100% vs 90.7%, P = 0.057).
Additionally, the accuracy of this new non-invasive modality
was significantly higher than that of CLO test, histology and
culture (99% vs 92%, 91 and 89%, respectively; P = 0.035,
0.018 and 0.005, respectively).
Table 4 Sensitivity, specificity and accuracy of tests for the diagnosis of H pylori infection in patients with 50- or 100-mg capsule UBT

CLO test (n = 100)
Histology (n = 100)
Culture (n = 100)
UBT (n = 100)
a

Sensitivity (%)

Specificity (%)

Accuracy (%)

87 (40/46)
91.3 (42/46)
76.1 (35/46)b
97.8 (45/46)

96.3 (52/54)
90.7 (49/54)1
100 (54/54)
100 (54/54)

92 (92/100)a
91 (91/100)a
89 (89/100)b
99 (99/100)

P<0.05, bP<0.01, 1P = 0.057 vs UBT.

DISCUSSION
Since 13 C-UBT was first described by Graham et al [11],
attention has been drawn to its methodology. The protocol
has been modified by several investigators to make its use
easier and to improve its accuracy. According to our previous
studies, the false-positive rates of the conventional UBT
still range from 4.3 to 10.9%[6,8]. In the present study, we
demonstrated that capsule UBT was an extremely accurate
method for the diagnosis of H pylori infection. The diagnostic
accuracy of this new modality was significantly higher than
that of CLO test, histology and culture. The sensitivity and
specificity of capsule UBT were 97.8 and 100%, respectively.
There were no false-positive cases because capsule UBT
effectively avoided the contamination of urea from oral
urease. Therefore, capsule UBT is probably an ideal method
to diagnose H pylori infection.
In the present study, although breath 13CO2 values of
the H pylori-positive subjects were significantly greater than
those of the H pylori-negative subjects at 2 min and later
(Table 1), the optimal timing of capsule UBT for a good
sensitivity and specificity was still at 6 min and later. This
might be because the mean time between intake and complete
capsule disintegration in the stomach is 3 min (1.5-4 min)[12].
Furthermore, the swallowed saliva with oral urease activity
may contribute to exhaled 13CO2 as late as 30 min after 13Curea consumption[8,12]. Therefore, according to the present
study, the optimal sampling time for discriminating H pyloripositive and H pylori-negative patients is between 15 and
30 min on 100-mg capsule UBT and between 6 and 15 min
on 50-mg capsule UBT.
In our study with 50-mg capsule UBT, breath 13 CO2
values were significantly higher in the H pylori-positive
subjects than those in the H pylori-negative subjects from
2 min. The optimal timing for 96.4% sensitivity and 100%
specificity was between 6 and 15 min. The efficacy of
50-mg capsule UBT to discriminate H pylori-positive group
from H pylori-negative group was less than that with 100-mg
capsule UBT (Table 1). The breath 13 CO 2 values were
significantly lower in the H pylori-positive subjects of
50-mg capsule UBT than in those of 100-mg capsule UBT
from 15 to 30 min (P<0.05). Several studies have suggested
that the levels of H pylori too low to be detected by histology
are usually associated with a negative UBT[13,14]. Furthermore,
the urease concentrations in different H pylori strains vary
by up to eight-fold[15,16]. Therefore, the less sensitive result
might be due to the lower dosage of 13C-urea in a weakly
urease-positive bacterial strain or the low bacterial loads
in the stomach of some infected patients. Capsule UBT
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with 50 mg 13C-urea may reduce the cost of the agent and
maintain the specificity, but halving the dosage-reduced
sensitivity of test.
Theoretically, endoscopic UBT is the most accurate
method for the diagnosis of H pylori infection since it avoids
the influence of the urease activity in the oral cavity and
can prevent the sampling bias by biopsy for histological
examinations. In the previous study, we found that
endoscopic UBT examination is a rapid and accurate method
for the diagnosis of H pylori infection, superior to the
conventional UBT[9] . Suto et al [17], have found positive
correlations between the endoscopic UBT values and the
H pylori colonization and activity score in the antrum and
corpus, and negative correlations between the endoscopic
UBT values and the atrophy and intestinal metaplasia scores
in the corpus. Therefore, the values of test results are also
able to reflect the bacterial load in the stomach. However,
endoscopy is invasive and expensive, causes the patient
discomfort, and introduces the risk of endoscopy crossinfection. Application of encapsulated urea has the same
preventive effect of endoscopic UBT against the release
of urea before reaching the stomach and the contamination
of oral urease.
Biopsy-based tests have the possibility of sampling error
and may cause false negatives. UBT effectively integrates
the enzyme activity of bacteria over the entire surface of
the stomach, and avoids the possibility of false-negative
results. In this study, we demonstrated that the capsule UBT
was a rapid and extremely accurate method for the diagnosis
of H pylori infection. The diagnostic accuracy was significantly
higher than that of CLO test, histology and culture.
In conclusion, our study shows that capsule UBT is a
simple, noninvasive, rapid and extremely accurate method
for the diagnosis of H pylori infection. It has a higher
accuracy compared with biopsy-based tests and is probably
the choice of method for the diagnosis of H pylori infection.
It merits further studies to compare capsule UBT with
conventional UBT and stool antigen test.
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Abstract
AIM: Acute gastrointestinal bleeding is a severe complication
in patients receiving long-term oral anticoagulant therapy.
The purpose of this study was to describe the causes and
clinical outcome of these patients.
METHODS: From January 1999 to October 2003, 111
patients with acute upper gastrointestinal bleeding (AUGIB)
were hospitalized while on oral anticoagulants. The causes
and clinical outcome of these patients were compared
with those of 604 patients hospitalized during 2000-2001
with AUGIB who were not taking warfarin.
RESULTS: The most common cause of bleeding was
peptic ulcer in 51 patients (45%) receiving anticoagulants
compared to 359/604 (59.4%) patients not receiving
warfarin (P<0.05). No identifiable source of bleeding could
be found in 33 patients (29.7%) compared to 31/604
(5.1%) patients not receiving anticoagulants (P = 0.0001).
The majority of patients with concurrent use of non-steroidal
anti-inflammatory drugs (NSAIDs) (26/35, 74.3%) had a
peptic ulcer as a cause of bleeding while 32/76 (40.8%)
patients not taking a great dose of NSAIDs had a negative
upper and lower gastrointestinal endoscopy. Endoscopic
hemostasis was applied and no complication was reported.
Six patients (5.4%) were operated due to continuing or
recurrent hemorrhage, compared to 23/604 (3.8%) patients
not receiving anticoagulants. Four patients died, the overall
mortality was 3.6% in patients with AUGIB due to
anticoagulants, which was not different from that in
patients not receiving anticoagulant therapy.
CONCLUSION: Patients with AUGIB while on long-term
anticoagulant therapy had a clinical outcome, which is
not different from that of patients not taking anticoagulants.

INTRODUCTION
Acute upper gastrointestinal bleeding (AUGIB) is a
severe complication in patients receiving long-term oral
anticoagulant therapy. The number of people presenting
with AUGIB while on warfarin therapy is increasing because
of the expanding indications for long-term anticoagulant
therapy[1]. Patients with prosthetic heart valves, chronic or
paroxysmal atrial fibrillation, recurrent deep venous thrombosis,
hypercoagulable diseases, and vascular diseases are currently
maintained on long-term anticoagulants. Despite advances
in monitoring the gastrointestinal bleeding in these patients,
frequent and major bleeding occurs in up to 20% patients[1-5].
The risk of bleeding is influenced by the intensity of
anticoagulant therapy, age (over 65 years), history of
gastrointestinal bleeding, presence of serious comorbid
conditions (acute myocardial infraction, renal insufficiency,
severe anemia) and concurrent use of aspirin[1,6-8]. These
patients are usually old in age and the majority has coexisting
diseases, which are known to increase the morbidity and
mortality of AUGIB[9,10].
We reviewed all cases of AUGIB, occurring in patients
on oral anticoagulant therapy. The purpose of this study
was to describe the causes and clinical outcome of these
patients as well as the efficacy of diagnostic and therapeutic
endoscopy. Moreover, endoscopic findings, emergency
surgical hemostasis and mortality were compared with those
of patients with AUGIB not taking anticoagulants.
MATERIALS AND METHODS
Study design
From January 1999 to October 2003, patients admitted to
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two university hospitals due to AUGIB and those with
gastrointestinal bleeding on anticoagulant therapy were
retrospectively included. AUGIB presented as hematemesis
and/or melena, or other clinical or laboratory evidence of
acute blood loss from the upper gastrointestinal tract. All
patients were included irrespectively of the international
normalized ratio (INR) and no patient was excluded because
of age or comorbid diseases.
The causes and clinical outcome (blood transfusions,
hospitalization days, emergency surgery and in-hospital death)
of these patients were compared with those of 604 patients
hospitalized during 2000-2001 due to AUGIB who were
not taking warfarin.
Oral coagulant therapy was stopped and fresh frozen
plasma was given to patients with prolonged INR. An
emergency endoscopy, according to our current practice,
was performed during the first 24 h after partial correction
of the INR with fresh frozen plasma. In patients with peptic
ulcer, a detailed visual assessment of the ulcer crater was
made to document the presence of acute bleeding (spurting
or oozing) or stigmata of recent hemorrhage (non-bleeding
visible vessels, adherent clot or spots). In all patients with
peptic ulcer bleeding, having active spurting or oozing
bleeding or a non-bleeding visible vessel during emergency
endoscopy, an endoscopic injection hemostasis with
adrenaline 1:10 000 diluted in 0.9% saline was performed.
About 10 mL was routinely injected and up to 20 mL in
difficult cases. Blood pressure and pulse rate were checked
before endoscopy and after injection therapy. In patients
with negative upper gastrointestinal endoscopy, a subsequent
colonoscopy was performed to exclude lower gastrointestinal
bleeding lesions.
Patients at low risk of thromboembolism (atrial fibrillation,
remote history of deep venous thrombosis) were taken off
anti-coagulants for a short period, and then in accordance
to the endoscopic findings, warfarin was started again after
a few days. In other patients heparin was started when risk
of rebleeding was low according to the endoscopic findings
and heparin therapy was switched to oral anticoagulant
therapy after a few days.
All patients were routinely observed by the same team
of physicians, gastroenterologists and surgeons. The age,
sex, previous consumption of non-steroidal anti-inflammatory
drugs (NSAIDs), Hb at admission, cause of bleeding, presence
of bleeding stigmata, re-bleeding rate, emergency surgical
hemostasis, blood transfusions, hospitalization days and
mortality of the patients were registered in standardized
database categories.
All patients with peptic ulcer, erosive lesions and
esophagitis were treated with proton pump inhibitors
intravenously. The criteria for emergency surgical hemostasis
in non-variceal AUGIB were continuing bleeding despite
adequate transfusion of more than 5 units in 24 h or 12
units in 48 h and rebleeding in hospital with hemodynamic
evidence of shock (systolic pressure <100 mmHg, pulse
rate >100/min).
Statistical analysis
Continuous variables were presented as mean±SD. Differences
between groups were tested for significance by using the
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Student’s t test or 2 test with the Yates continuity correction
when appropriate. A P value less than 0.05 was considered
statistically significant. All analyses were conducted by using
statistical software (SPSS, version 10.0).

RESULTS
Characteristics of the patients
Between January 1999 to October 2003, 111 patients with
AUGIB on warfarin therapy were hospitalized (69 men, 42
women) with a mean age of 67.7±11.3 years. All patients
but two underwent endoscopy within 24 h of admission.
Thirty-five patients (31.5%) received NSAIDs in the week
preceding the onset of bleeding (Table 1).
Presenting features were: melena in 87 patients (78.4%),
hematemesis and melena in 17 (15.3%), hematemesis in 1
(0.9%), hemochesia in 3 (2.7%) and coffee ground vomiting
in 3 (2.7%). A mechanical heart valve in 43 (38.7%), atrial
fibrillation in 38 (34.2%), cerebrovascular accidents in 15
(13.5%) and venous thrombosis in 6 (5.4%) were the most
common indications for warfarin therapy.

Table 1 Clinical characteristics and outcome in patients with AUGIB
while on oral anticoagulant therapy
Patients taking
anticoagulants
(n = 111)
n
Age, in year (±SD)1

67.7 (11.3)

Male/female

69/42

NSAIDs use
Coexisting illnesses (overall)

35
111

(%)

Patients not taking
anticoagulant
(n = 604)
n
62.9 (17.5)
490/146

31.5
100

404
368

Blood transfusions

2.1

2.3

1.6

Hospitalization days

7.7

3.3

5.9

Emergency surgery (overall)
Total mortality (overall)

6/111
4/111

5.4
3.6

1

(%)

23/604
20/604

63.5
57.8
1.6
4.1
3.8
3.3

P = 0.001, 2P = 0.006.

Causes of bleeding
The most common cause of AUGIB in patients receiving
anti-coagulants was peptic ulcer in 50 patients (45%)
compared to 359/604 (59%) patients not receiving warfarin
(P<0.0001). Erosive lesions of stomach or duodenum in
14 patients (12.6%) and benign or malignant tumors in 8
patients (7.2 %) were the next most common causes. No
identifiable source of bleeding could be found in 33 patients
(29.7%) compared to 31/604 (5.1%) patients not receiving
anti-coagulants (Table 2). Concurrent use of NSAIDs was
related to endoscopic lesions. The majority of patients with
concurrent use of NSAIDs (26/35, 74.3%) had a peptic
ulcer as a cause of bleeding, while 31/76 (40.8%) patients
not taking NSAIDs had a negative upper gastrointestinal
endoscopy and subsequent colonoscopy (Table 3).
Clinical outcome
Twenty-three patients with active bleeding or non-bleeding
visible vessels underwent injection hemostasis. The initial
endoscopic hemostasis succeeded in all patients with active
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Table 2 Causes of AUGIB
Patients taking
anticoagulants
(n = 111)

Peptic ulcer
Gastric/duodenal erosions

Patients not taking
anticoagulants
(n = 604)

n

(%)

n

(%)

51
12

45
10.8

359
43

59.4
7.1

84

13.9

Varices
Benign and malignant tumors
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Table 4 Clinical outcome of patients in relation to the endoscopic
findings
Negative endoscopy Other endoscopic
or gastroduodenitis
lesions
(n = 45)
(n = 65)
n (%)
n (%)

P

Transfusions (SD)

1.3 (1.8)

3.0 (2.5)

0.004

Hospitalization days (SD)
Rebleeding

7.5 (2.1)
1

8.2 (2.6)
10

NS
0.038

8

7.2

17

2.8

Emergency surgical hemostasis

0

6

0.049

Mallory-Weiss tears
1
Vascular lesions, Dieulafoy’s lesions 4

0.9
3.6

30
6

5.0
0.9

Mortality

1

3

NS

Other diagnoses

1

0.9

17

2.8

Uncooperative patient

2

0.9

17

2.8

33

29.7

31

5.1

No cause of bleeding
(No identifiable source)

Table 3 Causes of bleeding in relation to the concurrent use of
NSAIDs
Previous
NSAID use
(n = 35)

Peptic ulcer

n

%

No
NSAID use
(n = 76)
n

%

26

74.3

25

32.9

Gastric/duodenal erosions

3

8.6

9

11.8

Benign and malignant tumors
Vascular lesions, Dieulafoy’s lesion

2
2

5.7
5.7

6
2

7.9
2.6

Mallory-Weiss tears, esophagitis

1

2.9

1

5.7

Uncooperative patient
No cause of bleeding (no identifiable source)

2

1.3

32

40.8

bleeding except one who had massive bleeding. A second
hemostasis after rebleeding was performed in 7 patients
with adrenaline injection either in 3 patients alone or in
combination with mechanical clips in 4 patients. Permanent
hemostasis succeeded in three patients. There was no
remarkable change in blood pressure or pulse rate in patients
who underwent injection hemostasis and no patient had
cardiac arrhythmias or complications of uncontrollable
bleeding due to hemostasis.
Four patients with peptic ulcer and 2 with tumor (5.4%)
were operated for continuing or recurrent hemorrhage
compared to 23/604 (3.8%) patients not receiving
anticoagulants. Four patients died, the overall mortality was
3.6% in patients with AUGIB due to anti-coagulants. This
was not different from that in 20/604 (3.3%) patients not
receiving anticoagulant therapy (Table 1).
The patients with no identifiable cause of bleeding or
minimal lesions (gastroduodenitis) had a more favorable
outcome compared to the patients at high risk of rebleeding
lesions (Table 4). These patients needed a less amount of
blood transfusion 1.3±1.8 and 3.0±2.5 (P = 0.003).
Rebleeding rates and need for emergency surgery were rare
(1/45 and 0/45, and 11/65 and 6/65, respectively, P<0.05)
in comparison to the patients with high risk of rebleeding
lesions (Table 4).

DISCUSSION
The gastrointestinal tract is the most common site of

significant bleeding in patients receiving long-term oral
anticoagulant therapy[11]. Bleeding can be caused by many
different lesions. The most common cause is peptic ulcer
(duodenal or gastric) although less frequent in patients not
taking anti-coagulant drugs (45% vs 59.4%, P<0.0001). Of
those patients with concurrent use of NSAIDs, the majority
had peptic ulcer bleeding (74.3%). NSAIDs have ulcerogenic
activity and also inhibit platelet cyclooxygenase resulting in
suppression of thromboxane A2-dependent platelet
aggregation. Although many drugs are known to interact
with warfarin, there have been no conclusive data to indicate
an increased risk of bleeding except for NSAIDs especially
aspirin during warfarin therapy[1,7].
Early endoscopy in patients on warfarin therapy is
mandatory, as it can reveal lesions requiring endoscopic
hemostasis. In up to two-thirds of patients, endoscopy could
lead to the diagnosis of previously unrecognized lesions
such us peptic ulcer, polyps, arteriovenous malformation
or tumors. On the other hand, a great number of patients
had no lesion on upper and complementary lower
gastrointestinal endoscopy (29.7%). However, this increased
to 40.8% in patients not taking NSAIDs higher than that in
the unselected patients with AUGIB (5.1%). In our subgroup of patients with negative endoscopy or lesions at
trivial risk of rebleeding (e.g., gastroduodenitis), only one
had re-bleeding and none required emergency surgical
hemostasis. In these patients, due to the favorable outcome,
we could avoid the introduction of heparin therapy, and
continue oral anti-coagulant therapy after correcting INR
in therapeutic range with fresh frozen plasma. This could
reduce the hospitalization time. The achievement of a
therapeutic INR needed approximately 4 d, resulting in
several hospital days waiting a targeted coagulation status[12-15].
No patient in our group had any procedure-related
complications or uncontrollable bleeding due to diagnostic
and/or therapeutic endoscopy, although in the majority of
patients anti-coagulation was not completely reversed.
Emergency surgical hemostasis was required in 5.4% of
patients, which was not different from that in patients not
taking anti-coagulants (3.8%). Endoscopic hemostasis
injection with adrenaline solution could be safely performed
in anti-coagulated patients after their resuscitation. The
efficacy of hemostasis was good, even if anti-coagulation
was incompletely reversed. Although bleeding was greater
in anti-coagulated patients from the injection sites, no patient
suffered from uncontrollable bleeding after endoscopic
injection therapy. Successful endoscopic diagnosis and
therapy at rates comparable with those achieved in non-
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anti-coagulated patients were also reported by Choudari
et al[16] in a group of bleeding anti-coagulated patients, by
applying injection therapy or a heater probe. Among the
patients suffering from peptic ulcer bleeding who received
endoscopic hemostasis after partial correction of the INR
to 1.5 to 2.5, the incidence of uncontrollable bleeding and
emergency surgery were similar to those of patients not
taking warfarin.
The overall mortality rate was low and was not different
from that of patients not receiving anti-coagulant therapy.
It is known that the majority of deaths in patients with
acute gastrointestinal bleeding were due to untreatable
diseases, especially, end stage malignancies, cirrhosis and
irreversible cardiac diseases. Although the majority of anticoagulated patients had concurrent diseases, the presence
of end stage malignancies, cirrhosis or other irreversible
diseases would discourage doctors to prescribe oral anticoagulant drugs. Moreover, symptomatic thromboembolism
after transient withdrawal of long-term anti-coagulant
therapy was uncommon and death was rare. The risk of a
major thromboembolic event in the absence of
antithrombotic therapy in patients with mechanical heart
valves was 4/100 patient-years[17]. The risk of thromboembolic
events during the interruption of warfarin treatment was
even lower in patients at low risk of embolic events (deep
venous thrombosis, atrial fibrillation not associated with
valvular disease, bioprosthetic valves and mechanical valves
in the aortic position) and was estimated to be 1-2 per
1 000 patients[18].
In conclusion, patients with AUGIB while on long-term
anti-coagulant therapy had a clinical outcome, which was
not different from that of patients not taking anti-coagulants.
Early endoscopy is important because endoscopic findings
have a prognostic value regarding the final outcome and
may direct the management of these patients. Endoscopic
hemostasis is the treatment of choice and can be safely
applied.
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Abstract
AIM: To study the expression profiles of HBsAg, HBcAg,
p21WAF1/CIP1 (p21), Rb genes in hepatocellular carcinoma
(HCC) and to investigate their roles in the hepatocarcinogenesis.
METHODS: HCC tissue microarray containing 120-min
tissues of 40 HCC cases was constructed. HBsAg, HBcAg,
p21 and Rb proteins were immunohistochemically stained
by streptavidin-peroxidase conjugated method (S-P). The
expression loss of these genes in cancerous, paracancerous tissues and adjacent normal liver tissues of 40
HCCs were comparatively examined.
RESULTS: The positive rate of HBsAg expression in
cancerous tissues of 40 HCCs was 7.5%, which was lower
than that in para-cancerous and adjacent normal liver
tissues (2 =12.774, P<0.01; 2 = 18.442, P<0.01). The
positive rate of HBcAg expression in cancerous tissues
of 40 HCCs was 20.0%, which was also lower than that
in para-cancerous and adjacent normal liver tissues
(2 = 9.482, P<0.01; 2 = 14.645, P<0.01). p21 protein
deletion rate in cancerous tissues of 40 HCCs was 27.5%,
which was higher than that in para-cancerous and adjacent
normal liver tissues (2 = 7.439, P<0.01; 2 = 11.174,
P <0.01). p21 protein deletion correlated remarkably with
the pathological grade of HCC (2 = 0.072, P<0.05). Rb
protein deletion rate in cancerous tissues of 40 HCCs was
42.5%, which was also higher than that in para-cancerous
and adjacent normal liver tissues (2 = 10.551, P<0.01;
2 = 18.353, P<0.01). Rb protein deletion rate did not
correlate remarkably with tumor size or pathological grade
of HCC (2 = 0.014, P>0.05; 2 = 0.017, P>0.05).
CONCLUSION: Expression deletion of HBsAg, HBcAg, p21
and Rb proteins in HCCs may play important roles in the

INTRODUCTION
Completion of the draft sequence of the whole human
genome has provided the basic structural information on
all human genes[1]. Detailed information on the sequence
of genes has set the stage for the development of highly
powerful expression screening tools. It is well known that
alteration of multiple genes is involved in the carcinogenesis,
and the next challenge is to validate, prioritize and select
the best targets from thousands of candidate genes and
proteins[2]. It is also important to analyze molecular targets
in situ and assess their expression in tissues.
Unfortunately, compared with the powerful screening
tools such as cDNA microarrays, which enable simultaneous
analysis on expression levels of thousands of genes, most
tissue-based molecular techniques are slow, cumbersome
and require massive workload[3,4]. For over a century, tissue
has been preserved in formalin and embedded in paraffin
for sectioning before microscopic examination. This
method has become the standard method of histopathologic
analysis. Usually, only about 300 5-m-thick sections can
be cut from an average-sized clinical tissue specimen for
use in molecular analyses such as immunohistochemistry
or in situ hybridization. Analysis of 300 molecular targets
corresponds to about 1% of the estimated 30 000 genes in
the human genome. Thus, genome-scale research is almost
impossible using conventional molecular pathology
techniques.
In the present study, we constructed hepatocellular
carcinoma (HCC) tissue microarray that enables simultaneous
analysis of molecular alternations in as many as 120 min
tissues (including cancerous, para-cancerous and adjacent
normal liver tissues) from 40 HCCs. By the tissue microarray,
we studied the expression of HBsAg, HBcAg, p21WAF1/CIP1
(p21) and Rb proteins in HCC and tried to clarify their
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roles in the hepatocarcinogenesis.

MATERIALS AND METHODS
Tissues and tissue microarray
Tissues of 40 primary HCCs including cancerous,
corresponding para-cancerous and adjacent normal liver
tissues were obtained from patients who underwent
hepatectomy at the West China Hospital of Sichuan University.
The surgically resected tissues were fixed in 40 g/L
formaldehyde formalin, and embedded in paraffin. Fivemicrometer thick sections were cut from each paraffin block
(donor block) and stained with hematoxylin-eosin.
Histopathological diagnosis and classification were
performed by the same pathologist. Cylindrical minute
tissues (0.8 mm×0.8 mm×4.0 mm) were punched from
morphologically representative sites of donor blocks and
wrapped in a special semi-fluid medium, arrayed in the
bottom of custom-made embedding box, embedded in
paraffin again. Paraffin block containing 120 min tissues
(recipient block) was cut into 5-m-thick sections to generate
tissue microarray slides.
Immunohistochemical staining
The S-P method was used for immunohistochemical staining;
the first antibodies were mouse anti-human monoclonal
HBsAg, HBcAg (DAKO, dilution 1:100), p21 and Rb
antibody (Santa Cruz, dilution 1:50). S-P kit was purchased
from DAKO, Glostrup, Denmark. DAB was used for color
development. Already known positive sections were taken
as positive controls. Negative mouse serum and PBS were
used instead of first antibody as negative control and blank
control, respectively.
Assessment of staining reaction
Dark brown granules in cytoplasm were taken as positive
reaction and immunoreactivity was registered semiquantitatively.
The intensity of immunostaining was scored according to
the percentage of positive cells: (-) no positive cells, (+)
positive cells <30%, (++) positive cells ≥30-60%, (+++)
positive cells >60%.
Statistical analysis
The difference between variables was assessed with 2 and
Fisher’s exact tests. P<0.05 was considered statistically
significant.

RESULTS
HBsAg and HBcAg expression in HCC
The positive rate of HBsAg expression in cancerous, paracancerous and adjacent normal liver tissues of 40 HCCs
were 7.5, 40 and 45%, respectively. The positive rate of
HBsAg expression in cancerous tissues was lower than that
in para-cancerous and adjacent normal liver tissues (P<0.01).
The positive rate of HBcAg expression in cancerous, paracancerous and adjacent normal liver tissues of 40 HCCs
was 20.0, 52.5 and 67.5%, respectively. The positive rate of
HBcAg expression in cancerous tissues was lower than that in
para-cancerous and adjacent normal liver tissues (P<0.01).

March 7, 2005

Volume 11

Number 9

p21 and Rb proteins expression in HCC
The deletion rate of p21 proteins in cancerous, paracancerous and adjacent normal liver tissues was 27.5, 5.0
and 2.5%, respectively. The deletion rate of p21 proteins
in cancerous tissues was higher than that in para-cancerous
and adjacent normal liver tissues (P<0.01). p21 protein
deletion had no statistical relation with the age, gender and
tumor size of HCC, but correlated with the pathological
grade of the tumor. p21 deletion rate was 13.6% in 22
well-differentiated HCC cases and 44.4% in 18 poorly
differentiated HCC cases. Poorly differentiated HCC
cancerous tissues has higher p21 deletion rate than that of
well-differentiated cases (P<0.05) (Table 1).
The deletion rate of Rb proteins in cancerous, paracancerous and adjacent normal liver tissues was 42.5, 10.0
and 2.5%, respectively. The deletion rate of Rb proteins in
cancerous tissues was higher than that in para-cancerous
and adjacent normal liver tissues (P<0.01). Rb protein
deletion had no statistical relation with the age, gender and
tumor size of HCC cases. However, there was no relation
between the deletion rate of Rb protein and pathological
grade of the tumor (P>0.05) (Table 2).

Table 1 Expression of p21 in patients with HCC
2

n

Negative

Deletion rate
(%)

Cancerous tissues

40

11

27.5

Para-cancerous tissues

40

2

5.0

7.439

<0.01

Adjacent normal liver tissues 40
Grade

1

2.5

11.174

<0.01

4.713

<0.05

0.072

>0.05

2

P

P

Histology

Well-differentiated

22

3

13.6

Poorly-differentiated

18

8

44.4

Tumor size (diameter)
<2 cm

8

2

25.0

2–5 cm

15

4

26.7

>5 cm

17

5

29.4

Table 2 Expression of Rb in patients with HCC
n
Histology
Cancerous tissues
40
Para-cancerous tissues
40
Adjacent normal liver tissues 40
Grade
Well-differentiated
22
Poorly-differentiated
18
Tumor size (diameter)
<2 cm
8
2–5 cm
15
>5 cm
17

Negative

Deletion rate
(%)

17
4
1

42.5
10.0
2.5

10.551
18.353

<0.01
<0.01

10
7

45.5
38.9

0.014

>0.05

3
6
8

37.5
40.0
47.1

0.017

>0.05

DISCUSSION
HCC is one of the most prevalent human tumors throughout
the world and particularly in certain areas of Asia and Africa.
The majority of HCCs are related to chronic liver diseases
such as hepatitis B or C[5]. Previous studies showed that
hepatocarcinogenesis is a multi-step process which involves

Liu K et al. Tissue microarray for hepatocellular carcinoma research

complicated molecular mechanisms including activation of
oncogenes, function loss of tumor suppressor genes,
deficiency of anti-tumor immunization, etc. [6-9].
Uncontrolled cell proliferation is the hallmark of cancer
including HCC. In cell cycle, the period from late G1 to S
phase is the most important for cell proliferation. Several
studies have shown that various types of alterations in cell
cycle regulators are found in many kinds of cancer[10-13].
p21 is one of these cell cycle regulators and belongs to
a family of genes that negatively regulate the cell cycle,
thereby inhibiting cell proliferation. The cell cycle is positively
controlled by a complex of cyclin and cyclin-dependent
kinases (CDK)[14,15]. Thus, this complex can accelerate cell
proliferation. The main substrate of cyclin and CDK is the
rentinoblastoma (Rb) gene. Rb gene, located at chromosome
13q14, is a negative regulator of cell proliferation and plays
a critical role in cell proliferation control. Rb suppresses the
G1 to S transition[16,17]. The anti-proliferate activity of Rb is
mediated by its ability to inhibit the transcription of genes
that are required for cell cycle progression. Phosphorylation
of Rb by the cyclin/CDK complex allows progression of
the cell cycle. p21, by binding to cyclin/CDK, abrogates
their activity. Consequently, Rb is not phosphorylated and
cell cycle progression is arrested. Though p21 is a small
protein, by inhibiting the cyclin/CDK complex, p21 has the
ability to halt the cell cycle proliferation and to function as
a tumor growth suppressor [18-21]. Loss or decreased
expression of p21 may facilitate the proliferation of cancer
cells[22-24]. Our study showed that the deletion rate of p21 in
HCCs was higher than that in para-cancerous and adjacent
normal liver tissues, suggesting that the loss of p21 protein
may play an important role in the hepatocarcinogenesis.
What is more, poorly differentiated cancerous tissues showed
a higher deletion rate than well-differentiated cancerous
tissues. Therefore, p21 may be useful predicting the overall
survival of patients with HCC.
Previous studies have shown that Rb is deleted or mutated
in a wide range of human cancers including HCC[25-28].
However, over expression of Rb in HCC tissues is also
reported[29]. In the present study, we evaluated the Rb protein
expression in a series of specimens (cancerous, para-cancerous
and adjacent normal liver tissues) that corresponded to the
different stages of multi-step hepatocarcinogenesis. Tissue
microarray technology enabled us to study the molecular
alterations in as many as 120 of tissue specimens. We
observed that almost all the normal liver tissues showed
normal Rb expression, whereas remarkable deletion rate
was found in HCC tissues. Thus, whether there is a relationship
between over expression of Rb and progression of HCC
needs to be documented.
Original HCC cells probably express HBV antigens. As
the tumor gets larger, immune response against HBV
antigens is elicited and reacts with HCC cells bearing HBV
antigens[30]. During this process, inactivation of viral gene
expression through HBV gene or excision of HBV may
occur. HCC cells not expressing HBV antigens escape from
the immune surveillance[31,32], and mutation in HLA class Irestricted T cell epitope on HBsAg contributes to HCC
cells escaping from immune surveillance, thus resulting in
persistent infection[33] . As the tumor increases in size, an

1371

enrichment of cells not expressing HBV antigens is observed.
A common feature of HBV infection is the integration of
HBV-DNA into host chromatin. With regard to virus
sequences, integration commonly involves S and X genes
whereas the deletion usually occurs in other fragments[34].
Therefore, HBcAg is seldom observed in liver tissues where
integration of HBV is involved. Expression deletion of
HBcAg leads to the uncontrolled proliferation of liver
cells[35]. Our study suggested that in HCC tissues there were
less HBsAg and HBcAg. Loss of attack targets may prevent
tumor cells from being destroyed by the host anti-tumor
immune and accelerate the hepatocarcinogenesis.
Tissue microarray is a high-throughput analysis tool,
which allows rapid validation of molecular targets in as many
as thousands of tissue specimens at a time, either at DNA
and RNA level or protein level[36,37]. In this method, minute
tissues are removed from hundreds or thousands of
different primary tissue blocks and placed into one arrayed
block with high density. Tissue microarray is suitable for all
analyses in situ such as antibody staining, immunohistochemistry
(ISH), fluorescence in situ hybridization, Western blot. In
fact, any molecular detection scheme developed for whole
tissue sections is adaptable to tissue microarray sections[38-41].
Tissue microarray technology is likely to find applications
in many other fields of HCC research including gene
detection of hepatocarcinogenesis, exploration and screening
of anti-tumor drugs, molecular diagnosis, evaluation of
therapy scheme and prognosis, etc.[42,43]. It is also possible to
use tissue microarray to study molecular pathology and
therapy of many other diseases.
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69.09±11.03, respectively). The expressions of COX-2 in
the colon were significantly ameliorated (28.83±9.48 and
27.04±9.56, respectively) when RAS capsule was
administered at the doses of 600 and 900 mg/kg.
CONCLUSION: Adminis tratio n o f R AS ca ps ule
intracolonically may have significant therapeutic effects
on the colon of rat depression model, which are probably
due to its antioxidative action and inhibition of arachidonic
acid metabolism.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the abnormity of rat colon caused by
depression and the ameliorative effects of Radix
Acanthopanacis Senticosi (RAS) capsule on colon and their
mechanisms in rat depression model.
METHODS: Chronic stress-induced model of depression
of Wistar rats was produced. The experimental animals
were randomly divided into model control, 5-aminosalicylic
acid (5-ASA) therapy group and three RAS capsule therapy
groups. These five groups were intracolonically treated
daily (8:00 a.m.) for 2 wk with normal saline, 5-ASA
(100 mg/kg) and RAS capsule at the doses of 300, 600
and 900 mg/kg, respectively. A normal control group of
rats was also included in the study. Colonic activities of
nitric oxide (NO) and superoxide dismutase (SOD), levels
of malondialdehyde (MDA) and inducible nitric oxide synthase
(iNOS) were determined by ultraviolet spectrophotometry.
The expression of cyclooxygenase-2 (COX-2) in colonic
tissue was detected by immunohistochemistry.
RESULTS: Enhanced colon inflammatory response and
oxidative stress were observed in the chronic stressinduced rat depression model, which manifested as the
significant increase of MDA, iNOS and NO levels, as well
as the expressions of COX-2 in the colon tissue, but the
colonic SOD activity was significantly decreased compared
with the normal control (MDA: 10.34±2.77 vs 2.55±0.70;
iNOS: 1.11±0.44 vs 0.25±0.16; COX-2: 53.26±8.16 vs
4.87±1.65; NO: 11.28±5.66 vs 4.76±1.55; SOD: 53.39±11.15
vs 84.45±22.31; P<0.01). However, these parameters
were significantly ameliorated in rats treated locally with
RAS capsule at the doses of 300, 600 and 900 mg/kg
(iNOS: 0.65±0.31, 0.58±0.22 and 0.64±0.33; NO: 5.99±2.73,
6.87±1.96 and 6.50±1.58; MDA: 2.92±0.75, 3.19±1.08
and 3.26±1.24; SOD: 70.81±12.36, 73.30±15.30 and
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INTRODUCTION
In clinical studies, there is a strong relationship between
gastrointestinal diseases, such as irritable bowel syndrome,
inflammatory bowel disease, and psychological factors,
especially anxiety and depression[1-3]. Several studies have
shown that the prevalence of mental disorders in patients
with gastrointestinal symptoms is about 60-85%[4-6].
Radix Acanthopanacis Senticosi (RAS) is a kind of
traditional Chinese herbal medicine, and possesses a variety
of pharmacological actions, including anti-oxidation, antiinflammation, anti-tumor, promotion of immunoregulation,
relief of anxiety and depression[7-10] . Based on manifold
efficacies of RAS, and safety in use, we therefore assumed
that RAS might contribute to the treatment of some
gastrointestinal diseases through modulating emotion of
patients. To our knowledge, there has been no report so far
concerning the influence of psychological factors on colon.
Therefore, we produced a rat depression model, and
observed the injury of colon in rats caused by depression
and the effect of RAS capsule on colon of rat depression
model to test the hypothesis.
MATERIALS AND METHODS
Animals
Seventy healthy male Wistar rats, weighing 250±30 g, from
the Animal Center, Academy of Hubei Preventive Medical
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Sciences, were employed in the present study. The animals
were fed standard rat chow, allowed access to tap water
and acclimatized to the surroundings for 1 wk prior to the
experiments. Then 60 rats were selected according to their
open-field behaviors.
Reagents
RAS capsule was provided by Wusuli River Pharmaceutical
Co. Ltd (Lot. 030201), 5-aminosalicylic acid (5-ASA) was
purchased from Guoyi Pharmaceutical Ltd (Lot. 20029477).
Monoclonal rabbit anti-rat- cyclooxygenase-2 (COX-2) and
streptavidin-peroxidase (S-P) kits were obtained from Beijing
Zhongshan Biological Technology Co. Ltd. Superoxide
dismutase (SOD), malondialdehyde (MDA), inducible nitric
oxide synthase (iNOS) and nitric oxide (NO) detection kits
were purchased from Nanjing Jiancheng Bioengineering
Institute. Other reagents used in the study were all of
analytical grade.
Experimental protocols
A rat model of depression was established as previously
described[11,12]. The rats received a variety of stressors for
21 d, including cold water swimming at 4 ℃ for 5 min,
water deprivation for 24 h, food deprivation for 24 h, heat
stress at 45 ℃ for 5 min, cage tilt at 45°, 12-h inverted
light/dark cycle (7:00 a.m. lights off, 7:00 p.m. lights on),
tail nip for 1 min, paw electric shock (electric current
1.0 mA×10 s, on every 1 min, lasted for 10 s, 30 times), etc.
The animals were randomly divided into five groups (10
rats per group): model control, 5-ASA therapy group and
three RAS capsule therapy groups. The animals were treated
intracolonically with normal saline, 5-ASA (100 mg/kg) and
RAS capsule at the doses of 300, 600 and 900 mg/kg,
respectively, for 14 d after the depression model was
produced. A normal control group of rats (10 rats) without
receiving any stress was included and housed in a separate
room; food and water were freely available in their home
cages. The colonic tissue (8 cm proximal to the anus) was
sampled for a variety of determinations after the animals
were anesthetized with 200 d/L urethane.
Determination of colonic SOD, MDA, iNOS and NO
For the determination of colonic SOD, MDA, iNOS and
NO, the colon tissue was rinsed and weighed, then put into
tubes with 9 volumes of 9 g/L normal saline. The tubes
were homogenized for 10 min. After centrifugation at
3 000 r/min for 10 min at 4 ℃, the supernatants were
collected and stored at -20 ℃ until analysis with corresponding
assay kits according to the manufacturer’s instructions.
Detection of colonic COX-2 expression
The immunohistochemical methods for formalin-fixed and
paraffin-embedded sections were described previously[13] .
Colonic COX-2 expression was determined with S-P
technique following the recommendations of assay kit
manufacturer. Briefly, monoclonal rabbit anti-rat-COX-2
was diluted with PBS to 1:50, and used as the primary
antibody in the corresponding detections. For the
determination, dewaxed sections were incubated first with
the primary antibody overnight at 4 ℃ after antigen retrieval.
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The binding of antibodies to their antigenic site in the tissue
sections was further amplified with biotinylated goat antirabbit antibodies, followed by reaction with 3,3'diaminobenzidine. Negative controls were established by
substituting PBS for the primary antibody. COX-2 negatively
expressed cells manifested as blue-stained nuclei while the
positive cells as brown or dark brown cytoplasm and/or
cell membrane. Expressions of COX-2 protein were
semiquantitated respectively with automatic image analyzer
(Nikon, Japan), in which the average value of absorbance
(A) of positive staining in 10 randomly selected high-power
fields (400×) for each section was used for comparison of
the COX-2 protein expressions.
Statistical analysis
Experimental results were expressed as mean±SD. Statistical
comparisons between groups were made by analysis of
variance (ANOVA), followed by Student’s t test. P value
less than 0.05 was considered statistically significant.

RESULTS
Open-field behavior of depression model rats
The open-field test was designed to measure the reaction
of rodents to a novel environment. In this test, animals
were placed individually in the center of a square, wooden,
white-colored open-field box with 36 squares measuring
10×10 cm2 each. The activity was assessed for 5 min. The
number of squares from which rats crawled out was the
total number of crossing. The number of occasions on
which the animals stood on their hind legs was the total
number of rearings. Each rat was housed one per cage and
fasted before sucrose intake test, then 10 g/L sucrose
solution consumption in 24 h was examined. Crossing
reflected the activity degree of animals, rearing reflected
the curious degree to the novel surroundings, and sucrose
intake test reflected animal’s response to rewards[14,15]. The
open-field behaviors, both crossing and rearing behaviors
in 5 min of depression model rats, were significantly
decreased compared with that of the normal control rats
(Table 1, P<0.01). Also, the consuming of 10 g/L sucrose
solution was significantly decreased compared with that of
the normal control (Table 1, P<0.01).

Table 1 Open-field activities and sucrose intake test of rats
(mean±SD)
Group

Cases
n

Rearing
/5 min

Crossing
/5 min

Sucrose intake
mL/24 h

Normal

10

32.20±11.14

82.50±29.62

42.70±10.24

Model

50

13.96±5.57b

37.80±12.32b

28.02±8.91b

b

P<0.01 vs normal group.

Colonic oxidative and iNOS alterations
Prominent oxidative stress in colonic mucosa was induced
in the depression model rats as shown by the significant
elevation of colonic MDA and NO contents and decrease
of colonic SOD activity compared with that of the normal
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control rats (Tables 2, 3, P<0.01). iNOS increased significantly
compared with that of the normal control rats (Table 3,
P<0.01). These oxidative abnormalities and iNOS in colonic
mucosa were obviously ameliorated by the treatment with
RAS capsule at the doses of 300, 600 and 900 mg/kg,
which manifested as the significant reduction of colonic
MDA content and the increase of SOD activity compared
with that of the model control rats (Table 2, P<0.01).
Furthermore, a significant improvement of the elevated
colonic iNOS and NO content was also observed in the
animals treated with RAS capsule at the doses of 300, 600
and 900 mg/kg (Table 3, P<0.05-0.01).

Table 2 Effects of RAS capsule on SOD activity, MDA content and
COX-2 expression in the colon tissue of depression model rats (n =10,
mean±SD)
Group
Normal
Model
5-ASA
RAS
RAS
RAS
a

Dose
(mg/kg)
100
300
600
900

SOD
(U/mg prot)

MDA
(nmoL/mg prot)

COX-2
(A/%)

84.45±22.31
53.39±11.15d
72.73±12.60bc
70.81±12.36bc
73.30±15.30bc
69.09±11.03b,c

2.55±0.70
10.34±2.77d
3.19±1.15b
2.92±0.75b
3.19±1.08b
3.26±1.24b

4.87±1.65
53.26±8.16d
24.59±9.14b,d
50.40±10.66 d
28.83±9.48b,d
27.04±9.56b,d

P<0.05, bP<0.01 vs model group; cP<0.05, dP<0.01 vs normal group.

Reduction of the expression of colonic COX-2 RAS capsule
The expression of colonic COX-2 was significantly increased
in depression model animals compared with that of the
normal controls (P<0.01), which was significantly ameliorated
after the treatment with RAS capsule at the doses of 600
and 900 mg/kg (Table 2 and Figure 1, P<0.01).
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Table 3 Effects of RAS capsule on the content of iNOS and NO in
colon tissue of depression model rats (n =10, mean±SD)
Group

Dose (mg/kg)

iNOS (U/mg prot)

NO (moL/g prot)

Normal

-

0.25±0.16

4.76±1.55

Model

-

1.11±0.44d

11.28±5.66d

5-ASA

100

0.63±0.42b,c

5.89±2.10d

RAS

300

0.65±0.31a,c

5.99±2.73 b

RAS

600

0.58±0.22

b,c

6.87±1.96 a

RAS

900

0.64±0.33b,c

6.50±1.58 a

a

P<0.05, bP<0.01 vs model group; cP<0.05, dP<0.01 vs normal group.

DISCUSSION
The depression model is a classic and mature model, in
which rats receive a variety of mild stressors. The
measurement most commonly used to track the effects is a
decrease in consumption of a palatable sweet solution[12] .
The model has a good predictive validity (behavioral changes
are reversed by chronic treatment with a wide variety of
antidepressants), face validity (almost all demonstrable
symptoms of depression can be demonstrated), and
construct validity (the chronic stressors cause a generalized
decrease in responsiveness to rewards, comparable to
anhedonia, the core symptom of the melancholic subtype
of major depressive disorder)[16]. Overall, the model appears
to be at least as valid as any other animal model of depression.
To our knowledge, the mechanisms of colon abnormity
caused by depression in rats have not been clearly elucidated
as yet. From the present study, we suspect the change of
oxygen-free radical (OFR), NO and COX-2 in the colon of
depression model rats might play important roles.
The antioxidant enzymatic system (SOD and MDA) is
one of the most important free radical detoxification

A

B

C

D

Figure 1 Expression of COX-2 in colonic tissue of rats (SP ×400). A: normal control; B: model control; C: 900 mg/kg RAS capsule therapy
group; D: 600 mg/kg RAS capsule therapy group.
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mechanisms. The enzymes act in equilibrium, and any
imbalance of this system may provoke OFR generation[17].
To evaluate the free radical metabolism in depressed rat
colon, we measured SOD (a part of the antioxidant system
to protect membranes and essential proteins from the
potentially damaging effects of reactive oxygen and lipid
peroxides) and MDA (production of lipid peroxidation) as
lipid peroxidation markers. The most remarkable findings
of our study are the decrease of SOD activity and the
increase of MDA concentration in depression model rats,
indicating that the production of OFR is increased. OFR is
an extremely reactive molecule that can disrupt lipid cell
membranes, destroy cell enzyme functions, alter DNA, and
lead to cell death[18,19]. The abnormity of antioxidant enzyme
activities plays a role in injuries of rat colon caused by
depression. The great improvement of SOD activity and
significant decrease of MDA in depressed rat colon by
clustering with RAS capsule indicate that RAS capsule could
protect the colon from lipid peroxidation.
Pavlick et al [20] have revealed that the increase of
oxidative stress and iNOS activity results in a pathological
cascade of free radical reactions and further yields more
oxidative free radicals, such as peroxynitrite (ONOO-), to
impair the structure and function of cells. Although resting
cells do not express iNOS, their capacity of expressing this
enzyme is present in several tissues. Indeed, cells such as
macrophages, hepatocytes, vascular smooth muscle cells,
endothelial cells have the ability to express iNOS under an
appropriate stimulus[21] . During colonic injury, iNOS is
induced [22] , while the production of NO increases.
Meanwhile, excessive NO dilates vasculature and enhances
vasopermeability, as well as inactivates the activity of
antioxidases such as SOD, by means of reacting with
hydrosulfide group (-SH) in the enzymes[22,23]. Some oxidants
modulate the expression of a variety of genes that are
involved in the immune and inflammatory responses, which
lead to apoptosis of intestinal epithelial cells, cascades of
inflammatory response and the disruption of integrity and
function of the intestinal mucosa[23-26]. RAS capsule at the
doses of 300, 600 and 900 mg/kg could decrease the
production of iNOS, thus decreasing NO content and
protecting colon tissue from injury.
Cyclooxygenase is the key enzyme in arachidonate
metabolism and catalyzes biosynthesis of prostaglandin H2,
which is the precursor for prostanoids. Two isoforms of
COX have been identified: COX-1 is expressed constitutively
in a number of cell types, which takes part in sustaining
physiologic function of body. COX-2 is an inducing
immediate-early gene, which is absent in normal tissue cells[27].
COX-2 is induced by a variety of cytokines, hormones,
and tumor promoters, leading to the production of more
prostaglandins. COX-2 could be activated to produce
excessive prostaglandin E 2 and thromboxane B 2, two
important inflammatory mediators, which contribute to the
bowel hyperemia, edema and even dysfunction[28]. The
significant increase of the expression of COX-2 in our study
suggested that depression could induce inflammatory injury
of colon in rats, while RAS capsule at the therapeutic doses
of 600 and 900 mg/kg was as effective as 100 mg/kg
5-ASA on decreasing the expression of COX-2 in the colon
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of this rat model.
To elucidate the mechanisms underlying the therapeutic
effects of RAS capsule, we observed simultaneously the
changes of oxidative and inflammatory variables mentioned
above in the colonic tissue after RAS capsule therapy. The
results revealed that the SOD activity, MDA, iNOS and
NO levels, as well as the expressions of COX-2 in the colonic
mucosa were significantly ameliorated in the rats treated
locally with RAS capsule at the given doses, compared with
that in model control animals. Taken together, these findings
sug gest that the anti-oxidative stress and the antiinflammatory response might be the fundamentals of RAS
capsule action in ameliorating colon injury caused by
depression.
In summary, brain-gut interaction and psychological
factors alter not only the pathology of brain tissue, but also
colon tissue. The results of our study show that depression
can induce injury of colon through oxidative stress and
inflammatory response. Intracolonic treatment with RAS
capsule can ameliorate the pathological changes of colon in
depressed rats, suggesting that RAS capsule can be used as
an effective therapeutic agent for some colon diseases
caused by psychological factors.
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Abstract
AIM: To explore the relation between heparanase (HPA)
and nm23-H1 in hepatocellular carcinoma (HCC), and
whether they could be used as valuable markers in
predicting post-operative metastasis and recurrence of
HCC.
METHODS: Reverse transcription-polymerase chain
reaction and immunohistochemistry (S-P method) were used
to measure the expressions of HPA mRNA and nm23-H1
protein in primary tumor tissue and paracancerous tissue
of 33 cases of HCC. Paracancerous tissues of 9 cases of
benign liver tumor were used as normal controls. The
results were analyzed in combination with the results of
clinicopathological examination and follow-up.
RESULTS: The positive expression of HPA gene was
significantly higher in primary tumor tissues of HCC (48.5%,
16/33) as compared to the paracancerous tissues of HCC
and normal controls (3.03%, 1/33) ( P <0.01). HPA
expression was not related with the size of tumor, envelope
formation, AFP level, HBsAg state and cirrhosis of liver.
The positive rates of HPA mRNA in the group with high
tendency to metastasis or recurrence and in the group
with metastasis or recurrence during the follow-up were
significantly higher than those in the group with low
tendency to metastasis or recurrence (62.5% vs 37.5%,
P <0.05) and in the group without metastasis or
recurrence (78.6% vs 21.4%, P <0.01). The poorly
differentiated tumor and tumor of TNM stages III-IV had
a higher positive rate of HPA gene expression than the
well differentiated tumor and tumor of TNM stages I-II
(66.7% vs 33.3%, P<0.05). The positive expression rate
of nm23-H1 protein in HCC tissue was significantly lower
than that in corresponding non-cancerous or normal liver
tissue (45.5, 72.7, 88.9%, P<0.05). nm23-H1 expression
was not related with the size of tumor, envelope formation,
AFP level, HBsAg state, cirrhosis of liver, Edmondson grade,

and TNM stage (P>0.05). The positive rates of nm23-H1
in the group with high tendency to metastasis and
recurrence and in patients with metastasis or recurrence
during the follow-up were obviously higher than those in
the group with low tendency to metastasis and recurrence
(P = 0.018) and in the patients without metastasis and
recurrence (P = 0.024); but no significant difference
was found between HPA positive and negative groups
(P = 0.082). According to the results of follow-up, the
rate of accuracy in predicting metastasis of positive HPA,
negative nm23-H1 and combination of positive HPA with
negative nm23-H1 was 78.6% (11/14), 68.8% (11/16)
and 88.9% (8/9), respectively.
CONCLUSION: Expression of HPA and/or nm23-H1 is
related with metastasis and recurrence of HCC. Detection
of the expression rate of HPA and nm23-H1 may help
increase the accuracy in predicting post-operative
metastasis and recurrence of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) patients in China roughly
accounts for 40-50% of those on a global scale, its death
rate is 18.8% of the mortality of all malignant tumors,
ranking the second in the world. The principal cause of
death is distant metastasis. In the past decades, studies of
HCC metastasis have practically focused on some proteases,
the substrates of which are limited to the structural proteins,
but few studies on heparanase (HPA), the substrates of
which are glycosaminoglycans or heparan sulfate
proteoglycan (HSPG). HCC metastasis resulted with many
genes, among which HPA and nm23-H1 may be two genes
with reverse functions. The research results of the relation
between nm23-H1 and HCC metastasis and prognosis are
not completely identical; the relation between nm23-H1 and
HPA is poorly understood in HCC metastasis and recurrence.
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In current study, HPA mRNA and nm23-H1 in 33 HCC
cases were tested and analyzed so as to get insight into the
relation between the expressions of these and clinicopathological
characteristics and post-operative metastasis and recurrence
of HCC, providing the basis for further study and overall
evaluation of HPA and nm23-H1.

MATERIALS AND METHODS
Patients
Thirty-three specimens of HCC (including paracancer
tissue) and 9 specimens of benign liver tumors (para-tumor
liver tissue as normal control) were obtained in the Second
Affiliated Hospital of Medical School of Zhejiang
University. Among them, there were 28 males and 5 females,
with their age ranging from 29 to 73 years, averaging 49.2
years. Of the 33 HCC patients, 28 (84.8%) were followedup for 6-16 mo after operation. According to the operation
records and postoperative pathological reports, those HCC
patients with cancer emboli and/or intrahepatic
dissemination, namely, satellitic foci and/or lymphatic
metastasis, were designated as the high tendency of
metastasis or recurrence; the HCC patients with no cancer
emboli, satellitic foci and/or lymphatic metastasis were
regarded as low tendency of metastasis or recurrence. Of
the 9 cases with benign liver tumors, there were 4 male and
5 female patients, with the age from 32 to 65 years (average
41.2 years), among whom 8 cases were cavernous
hemangioma and only one case belonged to local livernodular hyperplasia.
Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from the tissues using TRI201
reagent (Gibco, USA) by following the manufacturer’s
instructions. RNA was reverse transcribed into complementary
(cDNA) by using Amv reverse transcriptase (Takara Co.).
Fifty microliters of PCR reaction mixture was pro-denatured
at 94 ℃ for 4 min, then amplified through 35 cycles, each
amplification consisting of denaturation at 94 ℃ for 30 s,
annealing at 57 ℃ for 45 s and extension at 72 ℃ for 1 min,
followed by an extra extension at 72 ℃ for 5 min. Ten
microliters of PCR product was analyzed on 12 g/L agarose
gel containing ethidium bromide. The sequences of the
primers for HPA were 5’TTCGATCCCAAGAAGG
AATCAAC3’ (sense) and 5’GATTCAGTTACATGGCAT
CACTAC3’ (antisense), a 224 bp product. Internal control
and HPA primers were su pplied by Sheng g ong
Bioengineering Co., China, and all the primers were diluted
to 10 pmol/L.
Immunohistochemical staining
Supersensitive reagents and mouse anti-human nm23-H1
monoclonal antibody and streptavidin-peroxidase (S-P) antihuman kit were purchased from MBI Co. (Fuzhou Maixin
Biotech Co., China). The immunohistochemical staining was
carried out by following the manufacturer’s instructions of
the kit. For the negative control, the primary antibody was
replaced by TBS. The positive signal for nm23-H1 appeared
as yellow-brown staining in cytoplasm of the cells. A mean
percentage of positive staining cells was determined in five
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areas per slide at ×400 magnification. The slide was
considered lower negative expression for nm23-H1, if the
percentage of positive cells was less than 30%; and positive
or high expression if the percentage of positive cells was
more than or equal to 30%[1-8].
Statistical analysis
The results were analyzed by using 2 test, and P<0.05
was considered statistically significant.

RESULTS
HPA mRNA expression
RT-PCR analysis showed that 16 (48.5%) of 33 HCC cases
were positive for HPA mRNA, whereas only one case of
liver paracancerous tissue was positive for HPA mRNA,
and all 9 cases of normal liver tissues were negative (Figure 1,
Table 1).

Table 1 Relationship between HPA and nm23-H1 expression and
clinicopathological data and metastasis and recurrence of HCC
Parameters

Case
number

HPA (+)

Tumor size
≤5 cm
8
>5 cm
25
Tumor integument
Intact
14
Unintact
19
Metastasis and recurrence
High
14
Low
19
AFP level
Positive
21
Negative
12
HBsAg
Positive
24
Negative
9
Liver cirrhosis
Yes
18
No
15
Edmondson grade
Grade I, II
13
Grade III, IV
20
TNM stage
I, II
18
III, IV
15
Follow-up
Metastasis and
recurrence (+)
14
Metastasis and
recurrence (-)
14

P

nm-23-H1 (+)

P

3
13

0.250

5
10

0.176

5
11

0.130

8
7

0.146

10
6

0.023

3
12

0.018

12
4

0.125

9
6

0.262

12
4

0.292

9
6

0.106

8
8

0.241

9
6

0.235

3
13

0.019

8
7

0.096

6
10

0.047

9
6

0.235

11

0.003

3

0.024

3

9

bp
500
250
Mark N1

T1

N2

T2

N3

T3

N4

T4

Figure 1 M: marker, DL2000; T1–T4: HCC cancer tissues of four
cases, which display a positive band at 585 bp; N1–N4: paracancer
tissues; interior reference is seen at 224 bp for all the specimens.
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Immunohistochemical staining
The positive staining for nm23-H1 protein appeared as
yellow-brown particles in cytoplasm, but biliary ducts and
blood vessels and liver sinusoidal endotheliocytes and
interstitial cells had no positive staining. Well-distributed
and diffuse strong staining could be seen in normal and
paracancerous tissues. As for cancer tissue, some cases
presented lamellar and focal staining (Figure 2). On the
whole, the stainings of normal and paracancerous tissues
were stronger and their relatively positive cell numbers
were more than that of cancer tissues.
The positive expressions of nm23-H1 in HCC,
paracancerous tissue and normal tissue were 45.5% (15/33),
72.7% (24/33) and 88.9% (8/9), respectively. The positive
rate of nm23-H1 in HCC was markedly lower than that of
normal and paracancerous tissues (P<0.05).

Figure 2 Immunohistochemical staining (brown-yellow) for nm23-H1
in cytoplasm (SP, ×400). Interstitial cells did not show positive
stainings.

Relation between the expression of HPA and nm23-H1 and
clinicopathological data and metastasis and recurrence
As shown in Figure 1, there was no correlation between the
expression of HPA mRNA and the size, envelope
completeness, level of AFP, status of HBsAg and existence
of liver cirrhosis (P>0.05). Among 16 cases with positive
HPA mRNA expression, 10 cases (62.5%) showed high
tendency of metastasis or recurrence occupying 62.5%
(10/16), and only 6 cases showed low tendency of metastasis
or recurrence, indicating a significant difference. Of the 28
cases, who were followed-up for 6-16 mo, 11 cases (78.6%)
out of 14 patients with marked metastasis and recurrence
were positive for HPA, and 3 cases of the other 14 patients
without metastasis and recurrence expressed HPA, showing
a significant correlation between HPA expression and
metastasis and recurrence (P = 0.003). In addition, there
existed correlation between the expression of HPA and tumor
pathological grade (P = 0.019) and TNM stage (P = 0.047).
The lower the Edmondson grade and the later the TNM
stage were, the higher the expression of HPA was. The
expression of nm23-H1 had no relation with the size of
tumor, formation of integument, levels of AFP, status of
HBsAg, existence of cirrhosis, Edmondson grade and TNM
stage (P>0.05). However, there was obvious difference in
the expression of nm23-H1 between the cases with high
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and low tendencies of metastasis and recurrence (P = 0.018).
Correlation between HPA and nm23-H1 in HCC
The positive rates of nm23-H1 expression in the cases with
positive HPA and negative HPA were 31.3% (5/16) and
58.8% (10/17), respectively, without significant difference.
Prediction of postoperative metastasis and recurrence
Of the 28 followed-up cases, 14 showed HPA positivity
and 14 HPA negativity, and 12 cases were positive and 16
were negative for nm23-H1, 9 cases showed simultaneous
existence of HPA positivity and nm23-H1 negativity, the
other 19 cases showed only HPA negativity, or only nm23-H1
positivity or both simultaneous positivities. Of the 14 cases
with HPA positivity, 11 patients experienced metastasis and
recurrence, the prediction rate was 78.6% (11/14); of the
16 cases with nm23-H1 negativity, 11 had metastasis and
recurrence, the prediction rate was 68.8% (11/16). Thus,
the prediction of postoperative metastasis and recurrence
could be made by either HPA positivity or nm23-H1
negativity for HCC patients. Of the 9 cases with simultaneous
appearance of HPA positivity and nm23-H1 negativity, 8
patients had metastasis and recurrence, the prediction rate
of the combination of the two was 88.9% (8/9).

DISCUSSION
Our results showed that the expression of HPA was markedly
higher in HCC tissues as compared to the normal and
paracancerous tissues. Ten cases out of 14 patients with
high tendency of metastasis and recurrence had HPA
positive expression, whereas 6 cases out of 19 patients with
low tendency of metastasis and recurrence had positive
HPA expression, revealing an obvious relation between HPA
and metastasis and recurrence of HCC. Eleven cases out
of 14 followed-up patients with definite metastasis and
recurrence showed positive expression for HPA, while only
3 cases in 14 patients without metastasis and recurrence
had HPA positive expression, further suggesting that
expression of HPA was positively correlated with the higher
tendency of tumor progression and postoperative metastasis
and recurrence. Hence it may be valuable to examine HPA
expression for the clinical prediction of metastasis and
recurrence of HCC. However, HPA expression had no
relation with tumor- size, integument completeness, AFP
level, HBsAg status and existence of cirrhosis, yet it showed
relation with pathological grade and TNM stage of HCC.
The poorer the tumor differentiation and the later the TNM
stage were, the higher the positive expression of HPA.
Our study demonstrated that the positive expression of
nm23-H1 protein was obviously lower in HCC tissues
compared to the nor mal and paracancerous tissues,
indicating that there might exist loss expression of nm23-H1
gene in some HCCs, probably at transcription, or translation
or post-translation levels. Our results also revealed that
nm23-H1 expression had no relation with HCC tumor size,
integument formation, AFP level, HBsAg status, existence
of cirrhosis, Edmondson grade and TNM stage. Moreover,
we observed that nm23-H1 had a relation with metastasis
and recurrence of HCC, suggesting that defect of nm23-H1
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can also predict HCC metastasis and recurrence.
HPA is mainly synthesized and secreted from cancer
cells, and we found that nm23-H1 was also principally located
in cytoplasm. But in cases with positive or negative HPA
mRNA, the rates of positive expression of nm23-H1 were
31.2% (5/6) and 58.8% (10/7), respectively, with no
significant difference. Therefore, the correlation could not
be surely testified between the expressions of HPA and
nm23-H1 genes in HCC, indicating that both of HPA and
nm23-H1 might not have direct correlation in the
suppression of metastasis. This can be interpreted by the
different biochemical mechanisms of HPA and nm23-H1.
HPA impels tumor to progress and metastasize by
degradating HSPG and releasing angiogenesis factors. As
for the mechanism of action of nm23-H1, many scholars
have inferred through careful study that nm23-H1, by
interacting with GAP protein, participates in cellular signal
transduction, cell differentiation and metastasis.
In this study, the prediction rate of HPA positivity
reached 78.6% (11/14), and that of nm23-H1 negativity
was 68.8% (11/16). Therefore, the expression patterns of
HPA and nm23-H1 might be used to predict the postoperative
metastasis and recurrence of HCC. Eight cases out of 9
with simultaneous HPA positive and nm23-H1 negative
expression showed metastasis and recurrence, with
prediction rate of 88.9% (8/9), which was higher than that
of either HPA positivity or nm23-H1 negativity, singly. It
indicates that the combined application of HPA and
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nm23-H1 expression can improve the accuracy precision
of HPA, particularly that of nm23-H1.
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Abstract
AIM: To investigate the inhibitory effect of gefitinib
combined with cytotoxic agent cisplatin (CDDP) on
hepatocellular carcinoma (HCC).
METHODS: Female Kunming mice and H22 hepatocarcinoma
cells were used. Gefitinib at daily dose of 100 mg/kg
body weight (BW) or lecithin liquid was given by
gastrogavage once a day for 5 or 10 successive days.
CDDP or no rm al sa line (N S) w a s adminis tered
intraperitoneally (i.p.) once a day for 5 successive days.
Mice were randomly divided into control group (lecithin,
or NS, i.p.), CDDP group (daily dose, 1.2 mg/kg BW; d1-5,
or d6-10), Gefitinib (d1-5, or d6-10, or d1-10), and
Gefitinib combined with CDDP groups. The inhibitory rate
(IR) of tumor, net BW, spleen index (SI), thymus index
(TI) and the amount of peripheral blood cells of mice
were detected on the 12th experiment day.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a malignant tumor with
a poor prognosis and is not potentially curable by currently
available therapeutic modalities, such as chemotherapy[1].
HCC is known to frequently overexpress the epidermal
growth factor receptor (EGFR), which is associated with
more aggressive diseases and a poor prognosis[2,3].
For these reasons, the blockade of EGFR activation
and/or function might be proposed as a potential therapeutic
strategy for HCC. The efficacy of Gefitinib on HCC is still
unknown. The present study aimed to determine whether
gefitinib (IRESSA, ZD1839) combined with cisplatin
(CDDP) caused the inhibitory effects that were dependent on
the sequence of administration in murine HCC. Part of the
results in this study has been published in Chinese journal[4].

RESULTS: The growth of HCC in mice was inhibited by
Gefitinib alone (IR: 41% in d1-10 group and 30% in d1-5
group, respectively) or CDDP alone (IR: 32-54% in d1-5
group or d6-10 group). The highest inhibitory effect (IR:
56%) on HCC growth was observed in Gefitinib (d1-10)
combined with CDDP (d1-5) group. Higher inhibition was
also observed in CDDP (d1-5) followed by Gefitinib (d6-10)
group than that in Gefitinib (d1-5) followed by CDDP
(d6- 10) group (IR: 61% vs 36%, P <0.01) in the
independent study. Net BW, SI, TI and the amount of
blood cells of mice in Gefitinib alone group were not
significantly different from those in control groups.

MATERIALS AND METHODS
Drugs, cells and animals
CDDP was produced by Haosheng Phar maceutical
Corporation (Lianyungong, China). Gefitinib was purchased
from AstraZeneca Pharmaceutical Co. (No. po10019452,
Macclesfield, UK). Mouse H22 hepatocarcinoma cell line
was provided by the Beijing Institute for Cancer Research.
Female Kunming mice (16.0-21.1 g) were supplied from
the Medical Animal Center of Academy of Military Medical
Sciences. All animals were fed on basic diet and tap water.
The mice were dissected to measure body weight (BW),
weight of tumor, spleen and thymus on the 12th experimented
day. Blood samples were also collected at the same time.

CONCLUSION: Gefitinib can significantly inhibit the growth
of murine H22 hepatocellular carcinoma. If Gefitinib is
used after CDDP treatment in animal experiments, the
inhibitory effect could be enhanced.

Administration of animals
Cells (107) in 0.2 mL suspension were injected subcutaneously
into mice over the rib cage for implanted tumors. From the
second day after the implantation of H22 cells, Gefitinib at
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a daily dose of 100 mg/kg BW or lecithin liquid (taken as
oral control group) was given by gastrogavage once a day
for 5 or 10 successive days (d1-5, or d6-10, or d1-10).
CDDP at a daily dose of 1.2 mg/kg (0.1 mL/10 g BW), or
NS (0.1 mL/10 g BW, taken as NS control group) was
administered intraperitoneally (i.p.) once a day for 5
successive days (d1-5 or d6-10).
Experimental design
From the second day after the implantation of H22 cells,
mice were randomly divided into different groups (12-14/
group). Two independent experiments were carried out at
fixed daily doses of CDDP and Gefitinib, but at various
beginning time and duration of CDDP and Gefitinib. In
the first experiment, mice were randomly divided into control
group (lecithin, d1-10, or NS, i.p. d1-10), CDDP (d1-5, or
d6-10), Gefitinib group (d1-10), and Gefitinib combined
with CDDP groups including Gefitinib d1-10+CDDP
d1-5 group (Gefitinib plus CDDP for 5 d followed by
Gefitinib for 5 d) or Gefitinib d1-10+CDDP d6-10 group
(Gefitinib for 5 d followed by Gefitinib plus CDDP for
5 da). In the second experiment, mice were divided into
control group (lecithin, d1-5, or NS, i.p. d1-5), CDDP group
(d1-5, or d6-10), Gefitinib group (d1-5), and Gefitinib
combined with CDDP groups including Gefitinib d15+CDDP d1-5 group (Gefitinib plus CDDP for 5 d), or
Gefitinib d1-5→CDDP d6-10 group (Gefitinib from d 1
to d 5 followed by CDDP from d 6 to d 10), or CDDP d1-
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5→Gefitinib d6-10 group (CDDP from d 1 to d 5 followed
by Gefitinib from d 6 to d 10).
Observation index
The growth inhibition of tumor was described by the
inhibitory rate (IR). IR, net BW, spleen index (SI), thymus
index (TI) and the amount of peripheral blood WBC, RBC,
HB and PLT of mice were detected. IR was calculated
according to the following formula: IR (%) = (mean weight
of tumors in control group - mean weight of tumors in test
groups/mean weight of tumors in control group). SI or
TI = 10×weight of spleen or thymus (mg)/mouse BW.
Net BW (g) = mouse BW - tumor weight at sacrifice.
Statistical analysis
Student’s t-test was used for statistical analysis. P value less
than 0.05 was considered statistically significant.

RESULTS
Antitumor effect of Gefitinib on implanted H22 tumor
The growth of HCC in mice was inhibited by Gefitinib
alone (IR: 41% in d1-10 group and 30% in d1-5 group,
respectively, P>0.05) or CDDP alone (IR: 54% in d1-5
group and 46% in d6-10 group in the first experiment, or
43 and 32% in the second experiment, respectively) (Table 1
and Figures 1A and B). IR in Gefitinib group was not
significantly different from that in CDDP group, P>0.05.

Table 1 Inhibitory effect of Gefitinib or/and CDDP on mouse implanted H22 tumors (mean)
Weight of tumor (g)

n

IR (%)

Groups
Exp 1

Exp 2

Exp 1

Exp 2

Exp 1

Exp 2

14
13
14
12
14

14
14
13
14

1.39±0.70
1.49±0.80
0.68±0.27
0.80±0.25
0.88±0.28

1.42±0.41
1.41±0.46
0.81±0.30
0.96±0.32

0
0
54
46
41

0
0
43
32

Lecithin control
NS control
CDDP d1-5
CDDP d6-10
Gefitinib d1-10
Gefitinib d1-5
Gefitinib d1-10+CDDP d1-5
Gefitinib d1-10+CDDP d6-10
Gefitinib d1-5+CDDP d1-5
CDDP d1-5→Gefitinib d6-10
Gefitinib d1-5→CDDP d6-10

14

0.99±0.39

13
14

30

0.66±0.24
1.11±0.41b

56
26 b

14
13
13

0.63±0.35
0.55±0.25b
0.90±0.30

56
61 b
36

b
P<0.01 vs Gefitinib d1-10+CDDP d1-5, or Gefitinib d1-5→CDDP d6-10 group, IR: inhibitory rate, CDDP: cisplatin, Exp 1: the first experiment, Exp 2: the second
experiment.
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Figure 1 Inhibitory effect of Gefitinib or/and CDDP on mouse implanted H22 tumors in the first experiment “A” and in the second experiment “B”.
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Evaluation of the combined effect of Gefitinib and cisplatin
The highest inhibitory effect on HCC growth (IR: 56%)
was observed in Gefitinib (d1-10) combined with CDDP
(d1-5) group in the first experiment. IR in Gefitinib d110+CDDP d6-10 group (IR: 26%) was significantly lower
than that in Gefitinib group (IR: 41%) in the first experiment
(P<0.01). Higher inhibition was also observed in CDDP
(d1-5) followed by Gefitinib (d6-10) group than that in
Gefitinib (d1-5) followed by CDDP (d6-10) group in the
second experiment (IR: 61% vs 36%, P<0.01). Higher
inhibition of tumor was also observed in gefitinib d15+CDDP d1-5 group than that in Gefitinib (d1-5) group in
the second experiment (IR: 56% vs 30%, P<0.01) (Table 1
and Figures 1A and B).
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and control groups, P>0.05. The amount of RBC and PLT
in CDDP (d1-5) group was remarkably less than that in
Gefitinib group. The amount of WBC, PLT of mice in
CDDP d1-5→Gefitinib d6-10 group was significantly different
from that in Gefitinib d1-5→CDDP d6-10 group (Table 2).
Effect of Gefitinib or/and CDDP on net body weight and weight
of immune organs of mice with implanted H22 tumors
SI, TI and net BW of mice in Gefitinib group were not
significantly different compared with control groups (P>0.05)
SI and TI in groups of CDDP (d1-5, or d6-10), Gefitinib
combined with CDDP were significantly lower than those
in Gefitinib group. Net BW in groups of CDDP (d6-10),
Gefitinib combined with CDDP was significantly lower than
that in Gefitinib group (Table 3).

Effect of gefitinib or/and CDDP on the amount of peripheral
blood cells of mice with implanted H22 tumors
There was no significant difference in the amount of WBC,
RBC, HB and PLT of peripheral blood among Gefitinib

DISCUSSION
Gefitinib, an anilinoquinazoline, is an orally active EGFR

Table 2 Effect of Gefitinib or/and CDDP on the amount of peripheral blood cells of mice bearing H22 tumors (mean±SD)
WBC (109/L)

n

RBC (10 9/L)

PLT(109/L)

HB (g/L)

Groups
Exp 1

Exp 2

Exp 1

Exp 2

Exp 1

Exp 2

Exp 1

Exp 2

Exp 1

Exp 2

14
13
14
12
14

14
14
13
14

7.6±1.8
7.6±1.7
6.6±1.8
7.7±1.4
8.2±2.8

8.5±1.8
8.4±1.7
6.7±2.3a
6.8±1.9

6.8±2.3
6.5±3.2
5.5±3.5a
5.9±2.8
6.2±3.8

7.5±1.1
8.0±1.8
6.7±0.9a
6.7±1.1

110.2±14.8
108.4±14.0
120.4±16.6
117.2±9.8
116.3±15.6

126.6±16.5
125.2±13.5
124.5±9.6
122.6±18.6

1 259.1±336.4
1 149.2±304.4
542.9±256.4b
1 318.7±829.8
1 203.3±310.5

1 051.4±208.7
1 057.1±200.4
589.2±190.3b
1 100.1±281.9

Lecithin control
NS control
CDDP d1-5
CDDP d6-10
Gefitinib d1-10
Gefitinib d1-5
Gefitinib d1-10
+CDDP d1-5
Gefitinib d1-10
+CDDP d6-10
Gefitinib d1-5
+CDDP d1-5
CDDPd1-5
→Gefitinibd6-10
Gefitinib d1-5
→CDDP d6-10
a

14

9.9±2.5

7.7±1.2

127.9±15.2

13

7.2±2.9

6.4±2.3

124.0±16.7

14

7.7±2.5

6.8±1.2

123.9±8.3

1 100.3±170.6
523.8±252.9b
1 307.5±474.4

14

8.2±2.4

6.9±1.3

122.9±18.6

589.9±168.4b

13

7.8±1.7

7.3±1.1

126.1±19.3

514.4±204.3b

13

6.1±1.3a

7.1±1.2

126.5±20.4

1 135.8±245.5

P<0.05, bP<0.01 vs Gefitinib (d1-5 or d1-10) group, Exp 1: first experiment, Exp 2: second experiment.

Table 3 Effect of Gefitinib or/and CDDP on BW, TI, and SI of mice bearing H22 tumors (mean±SD)
SI

n

TI

BW prior to
treatment (g)

BW at sacrifice (g)

Net BW at sacrifice (g)

Groups
Exp 1 Exp 2
Lecithin control
NS control
CDDP d1-5
CDDP d6-10
Gefitinib d1-10
Gefitinib d1-5
Gefitinib d1-10
+CDDP d1-5
Gefitinib d1-10
+CDDP d6-10
Gefitinib d1-5
+CDDP d1-5
CDDPd1-5
→Gefitinib d6-10
Gefitinib d1-5
→CDDP d6-10

14
13
14
12
14

14
14
13
14

Exp 1

Exp 2

Exp 1

92.1±34.9
92.7±35.0
70.2±17.9b
59.0±11.9b
91.3±21.5

76.9±18.0
75.7±17.2
56.0±16.0b
52.8±12.9b

53.9±13.2
52.6±14.2
40.3±5.8a
39.7±4.9a
46.3±7.7

14

83.6±22.5

Exp 2
45.2±7.9
46.3±8.0
35.9±4.1a
35.1±6.3a

Exp 1

Exp 2

Exp 1

Exp 2

Exp 1

Exp 2

16.5±1.0
16.5±0.9
16.6±0.8
16.6±0.8
16.5±0.9

19.5±1.0
19.4±0.8
19.8±0.9
18.9±0.7

26.6±4.2
25.6±4.0
22.9±1.5
22.0±2.1a
24.6±2.8

28.3±2.0
28.3±2.0
26.9±2.7
25.3±3.0b

25.1±4.4
25.0±3.8
22.3±1.3
21.2±2.1a
23.8±2.9

27.5±2.0
27.5±2.0
25.9±2.7
24.4±2.9b

41.4±8.0

19.7±0.8

28.0±1.4

27.4±1.5

13

59.3±32.5b

39.6±5.1a

16.4±1.0

17.6±2.1b

16.9±2.1b

14

51.7±14.5b

39.7±8.4a

16.5±0.9

19.9±1.6b

18.8±1.6b

14

56.4±8.4b

35.8±4.1a

18.9±0.8

24.6±1.4b

23.7±1.4b

13

54.5±16.4b

34.6±5.8a

19.7±0.7

24.1±2.3b

24.1±2.3b

13

46.3±12.6b

34.1±6.1a

18.9±0.7

24.8±2.4b

24.3±2.3b

a
P<0.05, bP<0.01 vs gefitinib (d1-5 or d1-10) group, BW: body weight, SI: spleen index [10 × weight of spleen (mg)/BW(g)], TI: thymus index [10 × weight of thymus
(mg)/BW (g)], Exp 1: first experiment, Exp 2: second experiment.
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tyrosine kinase inhibitor (EGFR-TKI) with inhibitory effects
on the growth of a variety of tumors[5-8] . However, the
inhibitory effect of Gefitinib on HCC remains unclear.
Cisplatin, a usual platin analogue, has shown significant singleagent cytotoxic activity in advanced cancers.
The results in this study using implanted H22 HCC
cells demonstrated that Gefitinib alone (100 mg/kg) had
obviously inhibitory effects (IR: 41 or 30%) on mouse HCC
growth. CDDP (1.2 mg/kg) was demonstrated as the
suitable dose for this mouse model, which could achieve
remarkable inhibitory effects (IR: 32-54%). IR of Gefitinib
on tumor growth was not significantly different from that
of CDDP, indicating that Gefitinib could produce powerful
inhibitory effects on tumor growth as CDDP alone in both
experiments. Gefitinib could also block EGFR, decrease
angiogenesis, and induce apoptosis of tumor cells, resulting
in antitumor activity[9,10]. In preclinical and clinical studies,
Gefitinib has showed growth-inhibitory effects on a variety
of cancer cell lines, tumor xenograft models, and cancer
patients. The upregulating expression of EGFR was
frequently found in HCC, and was associated with more
aggressive diseases and poor prognosis[2,3]. The blockade
of EGFR activation and/or function might be proposed as
a potential therapeutic strategy for HCC.
We tried to enhance the antitumor efficacy by combining
chemotherapeutic agent CDDP with Gefitinib and to
determine whether the enhancement of inhibitory effect
was dependent on the sequence of combination of Gefitinib
and CDDP. In the experiment, CDDP and Gefitinib were
given together at the fixed daily doses on the different
schedules, and resulted in a significant difference in tumor
regression (IR: 26% vs 56%). The higher inhibitory effect
on tumor growth could be achieved following sequential
exposure to CDDP+/-Gefitinib then to Gefitinib, which
indicated that CDDP+/-Gefitinib followed by Gefitinib
could improve the inhibitory effect on HCC growth. This
result may be related to the possibility that Gefitinib enhances
the cytotoxic action and irrepairable damage to cancer cells
of CDDP by maintaining and potentiating apoptosis,
decreasing the repair of DNA damage, and inhibiting removal
of Pt-DNA adducts induced by CDDP. Chemotherapeutic
agent CDDP could kill tumor cells rapidly and powerfully.
Simultaneous or subsequent blockade of EGFR signaling
by Gefitinib could significantly enhance the antitumor action
of CDDP on H22 tumors. With these results, this study
may provide some information for the rational design of a
clinical protocol of Gefitinib combined with cytotoxic agents.
In tumor cell lines and in several tumor xenograft models,
Gefitinib produced an additive or a synergistic activity in
combination with cytotoxic agents.
It has been demonstrated that the combination effect
of Gefitinib and CDDP was impaired when sequential
exposure to Gefitinib for 5 d followed by Gefitinib plus
CDDP for 5 d in the first experiment (IR: 26%). A possible
explanation for the effect may be that due to Gefitinib
blockade or arrest of tumor cells in G0/G1 phases, growth
of tumor cells were markedly inhibited by Gefitinib before
CDDP. CDDP had a weaker effect on tumor cells at G0/G1
phases, as a result, cytotoxicity of CDDP was impaired and
weakened. The result suggests that Gefitinib followed by
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CDDP is not an appropriate combination in hepatocellular
cancer.
Although in preclinical experiments Gefitinib has shown
a synergistic effect with chemotherapeutic drugs[11-14], results
of two large clinical trials has demonstrated that there was
no added clinical benefit when Gefitinib was added to
chemotherapy simultaneously in patients with non-smallcell lung cancer[15,16]. These results suggest that the appropriate
sequence or proper timing of Gefitinib in combination with
cytotoxic agents should be studied further.
Gefitinib alone did not significantly decrease net BW,
SI and TI of mice bearing implanted H22 tumors, suggesting
that Gefitinib may not damage the function of the host
immune system. Gefitinib did not produce significant effects
on the amount of peripheral blood cells including WBC,
RBC, HB, and PLT. The results in this study showed that
CDDP alone decreased net BW and the weight of immune
organs (spleen or thymus) of mice. Gefitinib did not decrease
the weight of immune organs. When TI and SI decreased,
the weight of immune organs decreased, the function of
the host immune system was damaged, the tumors grew
more rapidly. The hematological toxicity and the effect of
Gefitinib on the weight of immune organs were not obvious
in the study.
In summary, Gefitinib can remarkably inhibit the growth
of H22 tumor without the loss of net BW, SI, and TI and
hematological toxicity on WBC, HB, RBC, and PLT. The
inhibitory effect could be further improved by combining
CDDP with Gefitinib. Furthermore, sequential exposure
to CDDP followed by Gefitinib can enhance the antineoplastic
activity. For different chemotherapeutic drugs and different
types of cancer, the pattern of CDDP combined with
Gefitinib might be different.
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Abstract
AIM: To define the infection status of Helicobacter pylori
in 109 patients with gastric cancers and H pylori localization
in gastric carcinoma tissues in South China.
METHODS: The incidence of H pylori infection in gastric
carcinomas was estimated by polymerase chain reaction
(PCR), simultaneously; both morphological features and
the localization of H pylori in gastric carcinomas were
demonstrated by Warthin-Starry (WS) staining. The
relationships between H pylori infection and the clinicalpathologic factors of gastric carcinomas were analyzed
by software SPSS10.0.
RESULTS: H pylori was found in 42 (39.03%) and 58
(53.21%) cases of 109 patients with gastric carcinomas
by PCR and WS, respectively. H pylori infection rate
detected in gastric carcinomas by WS was higher than
that by PCR (2 = 9.735, P<0.005<0.01). WS stain showed
that H pylori existed in the gastric antrum mucus, mucosal
gland of normal tissues adjacent to gastric carcinomas
and the gland, mucus pool of cancer tissues. The positive
rate of H pylori in normal tissues adjacent to carcinomas
was higher than that in cancer tissues (2 = 15.750, P<0.005
<0.01). No significant differences in age, sex, site,
histological types and lymph node metastasis were found
between H pylori-positive gastric carcinomas and H pylorinegative cases by both methods, but there were statistically
significant differences of H pylori positive rate between
early and advanced stage of gastric carcinomas (2 = 4.548
or 5.922, P = 0.033 or 0.015<0.05).
CONCLUSION: These results suggested that H pylori
infection might play a certain role in the early stage of
carcinogenesis of human gastric mucosa epithelia.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most common human
malignant cancers in the world. Although the etiopathological
mechanism of human gastric cancer remains unclear until
now, most researchers think that the pathogenesis of human
gastric cancer is a multifactorial, multistage and multistep
process[1-3]. The epidemiological and histopathological studies
have shown that Helicobacter pylori (H pylori) infection is closely
associated with gastric carcinogenesis[4,5] and H pylori infection
is also one of the factors of gastric carcinogenesis studied at
present[6,7]. Although there were discrepancies among
epidemiological studies[8-12], some meta-analyses indicated
that the magnitude of the association of H pylori infection
and risk of gastric cancer was ORs = 2-6[13-17]. However, the
location of H pylori in the gastric cancer tissues, the
mechanism and the stages in which H pylori participates in
the process of gastric carcinogenesis are largely unknown.
In the present study, we have detected H pylori DNA by
polymerase chain reaction (PCR) and observed H pylori
location in 109 cases of gastric carcinoma by Warthin-Starry
(WS) stain and analyzed relationships between H pylori infection
and the clinical-pathologic characteristics of gastric carcinomas.
MATERIALS AND METHODS
Patients
All of the 109 patients had not accepted radiotherapy and
chemotherapy; their histological features were diagnosed in
the Pathology Department of the First Affiliated Hospital
and Cancer Research Institute of Nanhua University.
Seventy-seven specimens of paraffin-embedded gastric
carcinoma tissues and 32 cases of resection specimens with
gastric carcinomas were collected from First Affiliated
Hospital of Nanhua University in 2000-2002. The fresh
tissues were cut into 300-500 mg blocks suitable for
sectioning, either frozen in -70 ℃ deepfreezed refigerabo,
or fixed in formalin and embedded in paraffin.
Main reagents and dispensing
The primers for ureA gene of H pylori were synthesized in
Shanghai Sangon Biological Engineering Company. Phenol:
chloroform:isoamyl alcohol (25:24:1), Protease K, RNAse,
DNA Marker, Taq DNA polymerase and dNTP were
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bought from Shanghai Songon Biological Engineering
Company. 1×SSC (150 mmol/L sodium chloride, 15 mmol/L
citromalic acid sodium, pH 7.0), paraffin digestion buffer
(150 mmol/L sodium chloride, 15 mmol/L citromalic acid
sodium, 1% sodium dodecyl sulfate (SDS)), TNE (0.1 mol/L
Tris, 10 mmol/L EDTA, 2.0 mol/L NaCl, 10% SDS).
DNA extraction
DNA of H pylori was extracted from control cells, resection
tissue and serial section of the paraffin wax embedded
material as described previously[18] . PCR amplification of
411-bp fragment from the ureA gene of H pylori was carried
out as described by Monstein et al[19].
With 1 mL saline, 400 mg frozen fresh tissue blocks
for each case of 32 human gastric carcinomas were washed
thrics, shearsed to microparticles in an Eppendorf tube and
then suspended in 400 L TNE buffer containing 1 mg/mL
protease K, incubated at 55 ℃ overnight (12-24 h).
Twenty 6-m-thick sections of gastric carcinoma tissues
were cut from each case of 77 paraffin wax embedded
block and placed in an Eppendorf tube and then thoroughly
dewaxed in warm xylene four times and re-hydrated by
passage through graded alcohols (100, 95, 75, 50% for
30 min, respectively). The supernatant was decanted with
each tube vortexed again and centrifugated at 14 000 g for
3 min. The last precipitations were re-suspended and
vortexed in 700 L 1×SSC buffer. The supernatant was
decanted again after another 3-min centrifugation, and the
remaining ethanol was removed with a micro capillary
pipette. The precipitations were dried, and then resuspended
in 400 L paraffin wax digestion buffer containing 1 mg/mL
protease K, incubated for 120 h at 55 ℃ in a swing bed.
On the fourth d, 10 L×20 mg/mL protease K was added
to each tube.
DNA of each specimen was purified by an organic
extraction step. An equal volume of phenol:chloroform:
isoamyl alcohol (25:24:1) was added to each sample after
digestion. After 3-min centrifugation at 14 000 g, it was
mixed thoroughly and centrifuged to separate the aqueous
and organic layers. The upper aqueous layer containing DNA
was collected and the extraction was repeated. DNA samples
were precipitated with two volumes of ethanol precooled
(-20 ℃) and one-tenth volume of 3 mol/L sodium acetate
(pH 5.2) at -20 ℃ for 1 h, centrifuged for 10 min of
14 000 g, dried and redissolved in 50 L Tris-EDTA buffer
containing 20 g/L RNAse. DNA samples extracted were
assayed quantitatively with ultraviolet spectrophotometer
with the value of A260/A280 from 1.7 to 2.0, finally stored
at -20 ℃.
PCR amplification
Two primers for the detection of H pylori were designed
according to DNA sequences described by Monstein et al[19],
and synthesized in Shanghai Sangon Biological Engineering
Company. The ureA-H pylori primers used were the
upstream: 5’GCCAATGGTAAATTAGTT; and the
downstream: 5’CTCCTTAATTGTTTTTAC, to amplify a
411 bp fragment of ureA gene region of H pylori DNA.
The PCR reaction mixture contained 2.5 L 10×Taq
polymerase buffer (500 mmol/L KCl, 100 mmol/L Tris-
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HCl, 1.5 mmol/L MgCl2 and 0.1% gelatin), 200 mol/L
dNTPs, 0.2 mol/L primers, 1.25 u Taq polymerase and
0.25 g DNA samples purified in a final reaction volume
of 25 L. After an initial 5-min incubation at 94 ℃ in the
Biometra Thermal Cycler to fully denature the template DNA,
the reaction mixtures were processed through 35 PCR cycles
of 1-min denaturation at 94 ℃, 1-min annealing at 47 ℃,
and 1-min extension at 72 ℃, followed by 10 min at 72 ℃
to ensure that all the products were fully extended. Each
PCR experiment included a positive control of DNA from
H pylori NCTC 11 637 and a negative control of TE in
place of DNA. Ten microliters of reaction mixtures were
loaded to 1.5% agarose gel for electrophoresis. Being stained
with ethidium bromide in a DNA subcell at 100 V for 30 min,
the gel was then observed under ultraviolet ray. The amplified
products of ureA gene were at the band of 411 bp. If an
orange band appeared on the band of 411 bp, which was
identical to the product from positive control well, the result
was thought to be positive or the sample was thought to
have been infected with H pylori.
Warthin-Starry staining
Five-micrometers thick paraffin sections from each case
of 109 gastric carcinoma tissues were mounted on slides
and backed for 1 h at 60 ℃. After routine dewaxing and
re-hydration with deionized water, tissue sections were
washed twice with 0.2 mol/L acetic acid buffer, incubated
at 56 ℃ for 1 h in 1% silver nitrate buffer in the dark box,
then dipped in developer solution and stained for 3-8 min.
After dipping into distilled water at 56 ℃ and washed for
2 min, sections were washed once more with distilled water,
then dehydrated with 100% alcohol, cleared with xylene,
and mounted with neutral gum. Under microscope
observation, H pylori was stained into buffy or black color,
and the background was light yellow.
Statistical analysis
Results of H pylori detection and the clinical-pathologic
parameters of 109 cases of gastric carcinomas were
statistically analyzed with software SPSS10.0.

RESULTS
PCR detection of H pylori in gastric carcinomas
PCR amplification products of H pylori DNA were presented
in 42 (39.03%) cases of gastric carcinomas. Only one
positive orange band was presented on the band of 411 bp
from positive control and positive samples, but no
amplification band was found from negative control and
negative samples. PCR products were evaluated by 1.5%
agarose gel electrophoresis, as shown in Figure 1. Positive
bands were presented in 17 (53.12%) from frozen tissues
with gastric carcinomas and in 25 (32.47%) from paraffinsection tissues with gastric carcinomas. It is quite obvious
that there was a statistically significant difference between
frozen tissues and paraffin sections (0.01<P<0.05).
Detection of H pylori by WS stain
WS stain showed 58 out of 109 cases (53.21%) of tissue
sections carrying bacterial bodies of H pylori from 109 gastric
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carcinomas, and the positive rate was higher than that
detected by PCR method. Simultaneously, shape and location
of H pylori could be clearly seen (Figure 2), H pylori of
different sizes showed different forms such as curve, S-shape,
arc or stem. In non-tumor tissues adjacent to gastric
cancers, some bacteria gathered together just like shoals of
fish. However, in tumor tissues, they diffused in every
direction. In 25 of 58 cases with H pylori-positive gastric
carcinomas, bacterial bodies of H pylori were observed in
the mucus, mucosal gland cavum, epithelial cell plasmas of
normal tissues adjacent to cancers. Bacterial bodies of H pylori
in 3 of 58 cases were observed in the gland, mucous pool
and plasma of cancer cells. H pylori was observed in both
tumor and non-tumor sites in 30 of 109 cases with gastric
carcinomas (Table 1). By 2 test (2 = 15.750, P<0.005
<0.01), H pylori positive rate in non-tumor sites was higher
than that in tumor sites.
The results of H pylori in 109 cases with gastric carcinomas
were statistically analyzed by Pearson Chi-Square of SPSS10.0,
which were 2 = 9.735, P<0.005<0.01 (Table 2). There was
significant difference in H pylori positive rates detected by
PCR and WS methods, respectively.

On the basis of data in Table 4, the results were
statistically analyzed by Pearson Chi-Square of SPSS10.0,
and no significant differences of H pylori detection were
shown among four types of gastric carcinoma according to
histological morphology by both PCR and WS stain.
The positive rates of H pylori DNA were 62.5 and
34.4% in 16 cases of early gastric carcinomas and 93 cases
of advanced gastric carcinomas by PCR detecting H pylori,
respectively. Whereas, the positive rates of H pylori were
75.0 and 49.5% in early gastric carcinomas and advanced
gastric carcinomas by WS, respectively. The results showed
that statistically significant differences between H pyloripositive gastric carcinomas and H pylori-negative cases were
found in clinical stages of gastric carcinomas (2 = 4.548,
5.922, P = 0.033 or P = 0.015<0.05), and H pylori positive
rate of early gastric carcinomas was higher than that of the
advanced gastric carcinomas (Table 5).

Table 3 Relationships between H pylori infection and gastric carcinomas in age, sex, site and lymph node metastasis
H pylori positive
Factors

Relationships between H pylori infection and the clinicalpathologic characteristics of human gastric carcinomas
On the basis of data in Table 3, the results were statistically
analyzed by Pearson Chi-Square of SPSS10.0. No statistically
significant differences in age, sex, site and lymph node
metastasis were found between H pylori-positive cases and
H pylori-negative cases of gastric carcinomas by both
methods of PCR and WS.
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2

Total cases
PCR

P

WS

Age (yr)
≥60

29

7

11

1.999P

0.157P

<60

80

35

47

3.705W

0.054W

64

23

33

1.131P

0.288P

Sex
Male
Female

W

0.114W

45

19

25

2.500

Gastric antrum

55

22

29

1.221P

0.269P

Gastric fundus

54

20

29

0.079W

0.778W

26

36

0.052P

0.819P

Locus

and gastric corpus

N P M 1 2 3 4 5 6 7 8 9 10
bp
2 000
1 500
1 000
750
500

M standard: Marker GeneRulerTM1kb
DNA Ladder, bp: 10000, 8000, 6000,
5000, 4000, 3500, 3000, 2500, 2000,
1500, 1000, 750, 500, 250
P: positive control, N: negative
control, 1-10: H pylori positive
gastric carcinoma

Lymph node metastasis
LN+

66

LN-

43

16

22

0.120

W

0.440W

P: PCR results, W: WS results.

411 bp

250

Table 4 H pylori infection comparison with histological types of
gastric carcinoma

Figure 1 1.5% agarose gel electrophoresis of PCR products, showing
amplification of 411-bp fragment of ureA gene from DNA extracted.

Table 1 Numbers of H pylori positive cases in different histological
sites
No tumor site
Tumor site

Total
+

+
Total

-

30
25
55

3
51
54

33
76
109

PCR
Histological types

WS

Total cases

Well-differentiated

P

N

P

N

23

9

14

12

11

49

16

33

24

25

adenocarcinoma
Poorly-differentiated
adenocarcinoma
Signet-ring cell carcinoma

17

7

10

11

6

Mucous adenocarcinoma

20

10

10

11

9

Table 5 Relationships between H pylori infection and clinical stages
of gastric carcinomas
Table 2 Detection of H pylori by WS stain and PCR

Positive
Clinical stage

WS stain
PCR

Total
+

Negative
2

Total cases

P

PCR

WS

PCR

WS

10

12

6

4

4.548P

47

W

-

+

38

4

42

Total

20
58

47
51

67
109

Early
Advanced

16
93

P: PCR results, W: WS results.

32

46

61

5.922

0.033P
0.015 W
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Figure 2 H pylori in different sites. A: H pylori in cancer cell plasmas and cancer tissues; B: H pylori in mucous pool of mucous adenocarcinoma;
C: H pylori in the mucus of gastric cavum; D: H pylori in mucosal gland cavum, epithelial cell plasmas of normal tissues adjacent to cancer.
WS stain ×1 000.

DISCUSSION
UreA gene ordinarily exists in the genome of H pylori, so
amplification of 411-bp fragment nucleotides is used to
detect the presence of H pylori. However, its sensibility is
determined by the primers selected, the source of DNA
and quantity of bacterial presented in tissues. The fragment
of 411 bp of ureA gene was amplified by PCR to detect
the presence of H pylori genome in this study. The positive
rate detected by PCR method was lower than that by WS
stain. The possible explanation: (1) The order of magnitude
of bacterial detected by PCR was over one hundred,
whereas H pylori existing in the section could be easily
detected by WS stain when it was carefully observed under
light microscope by an experienced observer; (2) When the
presence of H pylori genome was detected by PCR, its
sensibility was closely related to the size of fragment amplified
by PCR. Because the fragment amplified by PCR was
longer, DNA degradation or fragmentation might take place
in treatment process of tissue samples, consequently, the
amplification efficiency was lower. Since major samples of
gastric carcinomas in the present study were paraffin wax
embedded blocks (77/109 cases), DNA degradation or
fragmentation might take place in fixation and section of
tissue samples and amplification efficiency was lower. The
positive rate of H pylori was 53.12% from fresh tissues,
whereas 32.47% from paraffin wax embedded blocks. The
difference might be avoided by small fragment primers to
amplify DNA fragments, Fabre et al[20] detected the presence
of H pylori genome by using fresh tissues and primers to
amplify 210 bp fragments, and their result showed that the
positive rate by PCR was identical to that by Giemsa stain.
By WS stain technology H pylori were observed under
light microscope, which lied in the mucus, mucosal gland
cavum, epithelial cell plasma of normal tissues adjacent to
cancer and the gland, mucous pool, cancer cell plasmas of
cancer tissues. But the H pylori positive rate of normal tissues
adjacent to cancer was higher than that of cancer tissues.
In non-tumor tissues, bacteria gathered together just like
shoals of fish. However, H pylori diffused in every direction
in tumor tissues. The reason was regarded that acidity
environments in stomach were suitable for H pylori breeding,
but with the formation of stomach cancer, constitution
structure and microenvironments of gastric mucosa were

changed correspondently, which were not suitable for H pylori
surviving and led to loss of H pylori[21].
In addition, H pylori positive rate at early gastric cancer
was higher than that at advanced gastric cancer, which
suggested H pylori might be partly involved in the occurrence
and development process of early gastric cancer. Accumulative
infection and movement of H pylori might play an important
role in the development of gastric cancer. In vitro experiments
showed that H pylori at low inocula stimulated cell
proliferation. But at higher inocula (bacteria to cell ratio
>100), it caused a time- and concentration-dependent
reduction of cell cycle, which would be arrested at G1 phase,
inhibit gastric cancer cell proliferation and induce apoptosis.
H pylori infection can lead to excretion of gastric acid
and decrease in ascorbic acid in the gastric gland, cause
gastric epithelial cell proliferation by long-term urgent and
chronic damage to gastric mucosa and induce long-term
tolerant inflammation response, so as to increase carcinogenesis
of carcinogen. In a human model of gastric carcinogenesis,
Correa thought that H pylori might play a role of precursor
in gastric cancer, colonic metaplasia was a high-risk -factor
of gastric cancer and H pylori positive colonic metaplasia
along, but should also be considered as a high risk factor of
gastric cancer. Cahill divided 151 patients into normal mucosa
and H pylori negative group, chronic active gastritis and
H pylori positive group, chronic atrophic gastritis group,
intestinal metaplasia group and gastric carcinoma group.
Gastric antral epithelial cell proliferation was assessed as
the labeling index percent. The results showed that from
chronic active gastritis group to gastric carcinoma one,
epithelial cell proliferation increased when compared with
that of normal mucosa, which was associated with H pylori
infection. The increase in gastric epithelial cell proliferation
associated with H pylori infection was not significantly
different from that associated with the gastric precancerous
lesions. H pylori infection, however, did not seem to influence
the changed gastric epithelial cell proliferation in subjects
with precancerous lesions or gastric cancer, which suggested
that H pylori played a certain role in early gastric carcinogenesis,
although it might not have so strong an influence in the
later stages of the disease as that in early ones[22]. Watanabe
et al[23] first reported that 5-wk-old Mongolian gerbils were
orally inoculated with H pylori and infected alone with H pylori
and induced gastric carcinomas, that could be located in
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the pyloric region. After the 26th wk, severe active chronic
gastritis, ulcers, and intestinal metaplasia could be observed
in the infected animals. After the 62nd wk, adenocarcinoma
had developed in the pyloric region of 37% (10/27) of the
infected animals. It was found that adenocarcinoma
development seemed to be closely related to intestinal
metaplasia. After this, 5-wk-old Mongolian gerbils were
infected with H pylori ATCC-43504 strain by Honda et al[24].
It was reported that atrophic gastritis and intestinal metaplasia
also appeared in the lesser curvature of the ventral mucosa
6 mo after inoculation. Eighteen months after H pylori
inoculation, 40% (2/5) infected Mongolian gerbils showed
three well-differentiated gastric cancer. Because of the use
of 5-wk-old Mongolian gerbils for study, it suggested H pylori
infection of early stage might be one of the risk-factors
increasing carcinogenesis of gastric cancer. Both of the
two groups showed the pathway of “H pylori→atrophic
gastritis→intestinal metaplasia→atypical hyperplasia→
intestinal-type gastric cancer”.
These results suggested that H pylori infection might play
a certain role in the early stage of carcinogenesis of gastric
mucosa epithelia.
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Abstract
AIM: To explore the effect of Sinai san decoction on the
development of non-alcoholic steatohepatitis induced by
CCL4 combined with a fat-rich diet in rats.
METHODS: Twenty-seven Sprague-Dawley rats were
divided into three groups randomly: control group (n = 9),
model group (n = 9) and treatment group (n = 9). The
rats of model group and treatment group were given
small dosage of CCL4 combined with a fat-rich diet, and
those of control group were given normal diet. After
four weeks of fat-rich diet feeding, the rats of treatment
group were given Sinai san decoction. The serum levels
of aminotransferase and lipid were measured, and the
pathology of livers was observed by HE staining after the
rats were sacrificed at eight weeks.
RESULTS: The rats’ livers presented the pathology of
steatosis and inflammation with higher serum levels of
ALT and AST in the model group. In the treatment group
the serum ALT and AST levels decreased significantly and
were close to the control group. The hepatic inflammation
scores also decreased markedly, but were still higher than
those of control group. And the degree of hepatocyte
steatosis was similar to that of model group.
CONCLUSION: Sinai san decoction may ameliorate the
hepatic inflammation of rats with steatohepatitis induced
by small dosage of CCL4 combined with a fat-rich diet,
but does not prevent the development of hepatocyte
steatosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fatty liver is a relatively common incidental finding on
imaging studies[1]. Although generally a benign condition,
fat in the liver can be troubling for clinicians because it can
cause persistently elevated liver enzyme levels. The finding
of fatty liver may also indicate the presence of non-alcoholic
steatohepatitis (NASH)[2,3]. NASH is a histologic diagnosis
applied to a constellation of liver biopsy findings that appear
similar to alcoholic liver disease but are found in the absence
of alcohol abuse[4]. NASH is typically identified during the
evaluation of elevated aminotransferase levels after exclusion
of viral, metabolic, and other causes of liver disease[5]. About
15 to 40% of NASH patients develop hepatic fibrosis, a
precursor to cirrhosis[3]. As the pathogenesis of this common
liver disease is not better understood, there is complete
absence of specific and effective treatments[6] . Clinical
researches show that Sinai san has the effects of ameliorating
the symptom of fatty liver patients. The specific purpose
of this study was to determine if this recipe would protect
against liver injury induced by small dosage of CCL 4
combined with a fat-rich diet in rats.
MATERIALS AND METHODS
Drugs and chemicals
Sinai san is composed of Chai Hu (Radix Bupleuri), Shao
Yao (Radix Paeoniae), Zhi Shi (Fructus Aurantii Immaturus),
and Gan Cao (Radix Glycyrrhizae), which were obtained
from the Affiliated Hospital of Shaanxi College of TCM.
According to the routine decoction methods, all the drugs
above were decocted in water twice, removing the sediments
and condensing into 100% Sinai san decoction. CCL4 (1,1,
3,3-tetraethoxypropane) was purchased from Yixing Chemical
Co (batch number 920801). Cholesterol was obtained from
Beijing Aobo Biotech Co (batch number 024303).
Animals
Twenty-seven male Sprague-Dawley rats weighing approximately
160 g were provided by the Experimental Animal Center
of Xi’an Jiaotong University. All the rats were kept in an
air-conditioned room controlled at 23±1.8 and 55±5%
humidity under a 12 h dark/12 h light cycle. Rats were fed
a standard laboratory diet and were provided water ad libitum
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for a week. Rats were randomized into three groups: control
group (n = 9), model group (n = 9) and treatment group
(n = 9). The control group rats were fed a standard laboratory
pelleted diet only. The model group and treatment group
rats were administered 1 mL/kg of CCl4 in a 40% corn oil
solution only once by subcutaneous injection combined
with a fat-rich diet consisting of (by weight) 2% cholesterol,
10% lard and 88% ground pellet diet[7] . All animals had
free access to water and the experimental diet. Four weeks
later, 100% pure Sinai san decoction and distilled water
(0.1 mL/kg per d) were administered to the treatment group
and model group rats respectively by oral gavage during
the experimental period. Body weights were recorded every
week. After eight weeks from the start of the study, rats
were subjected to 12 h of fasting and then killed by removing
the blood through the abdominal aorta under a slight ether
anesthesia. Livers were also excised.
Serum lipid and enzyme activity measurements
The blood was collected through the abdominal aorta. Serum
was assayed for alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) by standard enzymatic procedures.
The serum concentrations of triglycerides (TG) and total
cholesterol (TC) were measured spectrophotometrically
(Hitachi Clinical Spectrophotometer 7010 with X-Y Auto
sampler) using test kits (Wako Pure Chemicals).
Histological analysis
The livers were quickly removed and weighed after killing
the rats. A part of the largest liver lobe was fixed in a 40 g/L
neutral buffered formalin solution and embedded in
paraffin for hematoxylin-eosin (HE) staining. The steatosis,
inflammation, and necrosis in the hepatocytes were evaluated
under light microscopy. The histological changes were
graded according to the following criteria as described by
Fan et al. The severity of steatosis was graded on the basis
of the extent of parenchyma involved. Grade 1 (+): <33%
of hepatocytes were involved. Grade 2 (++): 33% to 66%
of hepatocytes were involved. Grade 3 (+++): >66% of
hepatocytes were involved. Normal (-): no hepatocytes were
involved. The hepatic inflammation scores were used to
determine the hepatic necroinflammatory activity scored
by the severity of portal inflammation (P), intralobular
inflammation (L), piecemeal necrosis (PN) and bridging
necrosis (BN). The score from 1 to 4 was in accordance
with the severity of lesions and the total score was calculated
as P+L+2 (PN+BN). Pathology was scored in a blinded
manner by an expert in rodent liver pathology.
Statistical analysis
Data are represented as mean±SD. The level of significance
for differences between the groups was tested using the
Student’s t test and Ridit test. Differences of P<0.05 were
considered significant.
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group, 379.4±16.8 g for the model group and 341.3±32.8 g
for the treatment group; there was no significant difference
in body weight between the groups. However, the liver/body
weight ratio was higher in the model group rats than that in
the control group (P<0.01). The liver/body weight ratio of
rats treated with Sinai san decreased significantly than that
in the model group (P<0.05, Table 1).
Table 1 Effects of Sinai san decoction on the body weight and liver/
body weight ratio (mean±SD)
Groups

n

Body weight
(g)

Liver/body
weight ratio (%)

Control group
Model group

9
9

335.4±43.4
379.4±16.8

2.38±0.18
3.45±0.21b

Treatment group

9

341.3±32.8

2.99±0.12a

a

P<0.05 vs the model group; bP<0.01 vs the control group.

Serum lipid measurements
In the model group serum total cholesterol (TC) and
triglyceride (TG) levels were significantly higher than that
in the control group (P<0.01). There was no significant
difference of the serum TC level on treatment with Sinai
san. On the other hand, the serum TG level was significantly
lower in the treatment group with Sinai san than that in the
model group (P<0.05, Table2).
Table 2 Effects of Sinai san decoction on the level of serum lipid
(mean±SD)
Groups

n

Control group

9

0.77±0.17

0.38±0.09

Model group
Treatment group

9
9

5.23±1.14b
2.76±1.06ab

4.46±1.21b
3.34±1.02b

a

T G (mmol/L)

T C (mmol/L)

P<0.05 vs the model group; bP<0.01 vs the control group.

Enzyme activity measurements
In the model group serum ALT and AST levels were
72.92±14.22 U/L and 113.65±21.16 U/L respectively after
8 wk of high-fat diet, which increased significantly over the
control group (39.01±5.56, 83.12±7.88). In contrast, Sinai
san decreased serum ALT and AST levels significantly over
the model group (P<0.05), and they were close to the control
group. (Table 3).
Table 3 Effects of Sinai san decoction on the level of serum enzyme
activity (mean±SD)
Groups

n

ALT (U/L)

AST (U/L)

Control group

9

39.01±5.56

Model group

9

72.92±14.22b

113.65±21.16b

Treatment group

9

50.80±11.76a

89.23±21.20a

83.12±7.88

a

RESULTS
Body weight and liver/body weight ratio
There was no death in the three groups. The final mean
body weights of the rats were 335.4±43.4 g for the control

P<0.05 vs the model group; bP<0.01 vs the control group.

Pathological changes
Gross appearance of the liver of the control group rats
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displayed normal configuration; however, in the model group
and treatment group the livers showed some expansion,
along with a full, oiled surface and a slight yellowish color
change. Under light microscopy, in the control group, there
were no obvious pathological changes. In the model group,
the fat deposition was marked, with small (smaller than liver
cells) and large (larger than liver cells) fatty droplets mainly
in the central vein area. Fat accumulation caused ballooning
of hepatocytes and narrowing of the sinusoidal space. Focal
neutrophilic infiltrates can be found in areas of focal
necrosis; mononuclear cell infiltration is a component of
the inflammation. As expected, CCL4 combined with a fatrich diet for 8 wk caused severe fatty infiltration, inflammation,
and focal necrosis. In the treatment group, the fat deposition
was also marked, with small fatty droplets outnumbering
large fatty droplets. Fatty degeneration was less severe in
the treatment group than in the model group, but there was
no significance for statistical analysis. However, the number
of inflammatory and necrotic foci decreased in the treatment
group. The hepatic inflammation score from rats treated
with Sinai san was significantly lower than that in the model
group (P<0.05, Table 4).
Table 4 Effects of Sinai san decotion on the degree of fatty changes
and hepatic inflammation score (mean±SD)
Degree of Fatty Changes
Groups

n
-

+

++

+++

Hepatic
Inflammation Score

Control group

9

9

0

0

0

0.52±0.62

Model group

9

0

0

4

5

4.96±1.82 b

Treatment group 9

0

0

6

3

3.23±0.38ab

a

P<0.05 vs the model group; bP<0.01 vs the control group.

DISCUSSION
Fatty liver (hepatic steatosis) is a common clinical finding caused
by the accumulation of triglyceride droplets within individual
hepatocytes, which is characterized by steatosis, inflammation,
necrosis, and ultimately fibrosis and cirrhosis[8]. Excess body
weight is the primary predictor of fatty liver [9,10] . Other
factors such as diabetes, medications, nutrient deficiencies,
and genetic abnormalities in lipid metabolism also contribute
to the development of hepatic steatosis. Risk factors for fatty
liver generally overlap those for nonalcoholic steatohepatitis
(NASH)[11]. Fatty liver is discovered in the setting of persistently
elevated ALT levels or AST levels; a liver biopsy is often
warranted to diagnose NASH[8]. NASH is a common cause
of liver enzyme abnormalities and can lead to progressive
liver disease and cirrhosis. Approximately 15% to 40% of
NASH patients develop hepatic fibrosis, a precursor to
cirrhosis[3]. It is crucial to prevent the progress of NASH.
However, dietary fat enters the circulation as triglycerides
incorporated in chylomicrons and is not an immediate source
of fat in the liver. The link between the accumulation of fat
in the liver and development of cell injury, inflammation,
and fibrosis that characterize NASH remains to be firmly
established, and so there is absence of specific and effective
treatments. At present, Dongbaogantai is a medicine in
generally treating fatty liver, but Zhu et al reported that it
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had no effect on NASH in rats fed with a fat-rich diet.
Clinical investigation showed that Sinai san might improve
the symptom of fatty liver patients. Therefore, it is of interest
to identify therapies that target NASH formation and prevent
liver injury that can be used safely in humans.
Sinai san takes its source at Shanghan Lun (Treatise on
Febrile Disease), which is composed of Chai Hu (Radix
Bupleuri), Shao Yao (Radix Paeoniae), Zhi Shi (Fructus
Aurantii Immaturus), and Gan Cao (Radix Glycyrrhizae).
It is a common recipe in the treatment of liver diseases.
Originally this recipe is used to treat cold limbs caused by
inward shift of pathogenic heat and accumulation and
obstruction of Yang-qi. Physicians of later generations have
expanded its application and used it to deal with various
syndromes due to disharmony between the liver and spleen.
Chai Hu is a monarch drug with the action of releasing the
stagnated liver-qi. Shao Yao functions as a minister drug to
preserve yin with astringent and nourish blood and the
liver. Zhi Shi can regulate liver-qi to remove stagnation and
regulate qi movement of the liver and spleen when in
compatibility with Chai Hu, acting as adjuvant drug. Gan
Cao serves as a guiding drug, which can relieve spasm in
combination with Shao Yao, and regulate the middleenergizer in combination with Zhi Shi, and coordinate the
properties of other drugs. The Chai Hu and Shao Yao in
compatibility are meant to regulate the liver, while the Zhi
Shi and Gan Cao to regulate the spleen. And all together
constitute the result of regulating the middle-energizer as
well as the flow of qi. Researches have shown that Sinai san
alleviate experimental liver injury, which has protective
effects on hepatocyte membrane and affect immunocyte
activation[12]. At present, although there are lots of researches
on Sinai san to improve liver injury, the experimental study
of Sinai san treating NASH is not reported. The NASH
model of small dosage of CCL4 combined with a fat-rich diet
was selected for the study. CCL4 is a well-known hepatotoxic
chemical. The main cause of liver damage by CCL4 is the
generation of free radicals. In the liver CCL4 is decomposed
as CCL3- and CL- via microsomal cytochrome P450 reductase
and NADPH-dependent reductive pathways. The formation
of CCL3- and CL- directly attack the microsomal membrane
of the liver cells and cause lipid peroxidation, which
subsequently produces severe hepatocellular damage. The
oxidation and disposal of fatty acid in mitochondrion and
lipoprotein secretion in endoplasmic reticulum decreases.
At the same time, the administered high-fat diet may cause
fat to accumulate in the liver in the form of triglyceride
and the development of cell injury, inflammation, and
fibrosis. The present study demonstrates that in this model
there are typically elevated aminotransferase levels and a
liver biopsy characterized by steatosis, inflammation and
necrosis. It is also shown that this model is consistent with
clinical finding.
In this study, Sinai san significantly decreased liver/body
weight ratio, serum ALT and AST levers, and markedly
ameliorated the hepatic inflammation. It is suggested that
Sinai san has the inhibitory effect on the development of
steatohepatitis. It may result from the protection of Sinai
san to liver cell, and reduction of persistent liver injury
induced by CCl4 combined with a fat-rich diet. However,
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although the hepatic inflammation in the treatment group
decreased, they were still higher than those of the control
group. And the degree of hepatocyte steatosis was similar
to that of model group. It was shown that Sinai san could
ameliorate the hepatic inflammation of rats with steatohepatitis
in this model, but did not prevent the development of
hepatocyte steatosis. It is possible that the treatment with
Sinai san was done when on persistently high-fat diet. So it
only partly improves the state of illness, if the inducements
of fatty liver are not removed. Moreover, the four weeks
treatment duration is possibly too short to completely
improve the pathologic changes. The clinical application of
Sinai san should get rid of the inducements and pathogenesis,
and be modified according to symptoms.
In summary, Sinai san decoction prevents liver injury,
decreasing inflammation caused by small dosage of CCL4
combined with a fat-rich diet in the rats. Sinai san is already
used in patients to treat chronic hepatitis and cholecystitis
with little or no side effects. The results of this study give a
possible new evidence for Sinai san in the clinical prevention/
treatment of non-alcoholic steatohepatitis.
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Abstract
AIM: To present a case of methicillin-resistant Staphylococcus
aureus (MRSA) infection following bile duct stenting in a
patient with malignant biliary obstruction.
METHODS: A 78-year-old male patient was admitted to
a community hospital with progredient painless jaundice
lasting over two weeks, weight loss and sweating at night.
Whether a stent should be implanted pre-operatively in
jaundiced patients or whether these patients should
directly undergo surgical resection, was discussed.
RESULTS: ERC and a biopsy from the papilla of Vater
revealed an adenocarcinoma. In addition, a 7-Ch plastic
stent was placed into the common bile duct. Persistent
abdominal pain, increasing jaundice, weakness and
indigestion led to the transfer of the patient to our hospital.
A pylorus-preserving pancreatoduodenectomy was
performed. Intraoperatively, bile leaked out of the
transected choledochus and the stent was found to be
dislocated in the duodenum. A smear of the bile revealed
an infection with MRSA, leading to post-operative isolation
of the patient.
CONCLUSION: As biliary stents can cause severe infection
of the bile, the need for pre-operative placement of biliary
stents should be carefully evaluated in each individual
case.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The placement of a biliary stent in jaundiced patients prior
to resection is still controversial. The data in the literature
provide evidence for its clinical advantages. However, they
also clearly show disadvantages. “To stent or not” preoperatively in patients with obstructive jaundice is an
important question raised in an article by Povoski et al[1]. In
this paper the authors questioned the use of pre-operative
biliary drainage. The paper also focuses on the comparison
of pre-operative biliary stenting and definite surgery without
previous biliary drainage.
CASE REPORT
A 78-year-old male patient with an adenocarcinoma of the
papilla of Vater was admitted to a community hospital with
progredient painless jaundice over two weeks, weight loss
of 5 kg over 2 mo and sweating at night. Transabdominal
ultrasound showed dilated intra- and extra- hepatic bile ducts.
A dilatation of the common bile duct up to 2 cm was found
in a contrast enhanced hydro-CT-scan. An ERCP revealed
a prominently swollen papilla of Vater and a distally
obstructed common bile duct. A papillotomy with insertion
of a 7-Ch plastic stent was performed. A biopsy of the
papilla of Vater revealed histologically a highly differentiated
adenocarcinoma. Three weeks later the patient was
transferred to our department for surgical treatment.
At admission, the bilirubin level was markedly increased,
despite the stent placement. In addition, alkaline phosphatase
and CRP were also slightly elevated. Amylase and lipase
serum levels were within the normal range. In the clinical
examination, the patient complained of persistent abdominal
pain, weakness and indigestion. It was a case of severe
jaundice (total bilirubin serum level 268.5 µmol/L, normal
range: 2-21 µmol/L), urine was dark in color and stool was
light in color and unformed.
A pylorus-preserving pancreatoduodenectomy was
performed. Intraoperatively, the common bile duct was
transsected and bile leaked out into the abdomen. The stent
was dislocated from the common bile duct into the duodenum.
The histology report described an undifferentiated carcinoma
of the papilla of Vater with infiltration of the duodenal
wall and the pancreas. Lymph nodes as well as the resection
margins were tumor-free. The TNM classification of this
tumor was pT3, pN0, M0, R0.
During the operation a smear of the bile was taken, which
showed an infection with methicillin-resistant Staphylococcus
aureus (MRSA), leading to the isolation of this patient as
well as other patients who had been in contact with him.
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Table 1 Effect of preoperative biliary drainage on postoperative morbidity and mortality rates
Effect of BD on
Study

Number of patients

Number of BD

Number of BB/PD
Postoperative morbidity

Postoperative mortality

Sohn et al.[10]

567

408

0/567

No difference

No difference

Martignoni et al.[5 ]

257

99

0/257

No difference

No difference

Karsten et al.[7 ]
Povoski et al.[1]

241
240

149
126

45/163
0/240

No difference
Increased, P<0.025

NA
Increased, P<0.037

Lai et al.[3]

87

37

49/23

No difference

No difference

Heslin et al.[4]

74

39

0/74

Increased, P<0.04

No difference

Hatfield et al.[8]

57

29

No difference

No difference

34/5

Abbreviations: BD, biliary drainage; BB, biliary bypass; PD, pancreatoduodenectomy; NA, not available.

The patient’s post-operative course was complicated by
elevated leukocytes (>22 g/L, normal range: 3.2-9.8 g/L),
CRP levels (>110 mg/L) and liver enzymes. This period
of approximately 8 d was accompanied by fever >38 ℃,
which was treated over 7 d with intravenous antibiotics
(vancomycin and rifampicin).

DISCUSSION
To date, numerous studies have been published addressing
the effects of preoperative biliary drainage in patients with
malignant biliary obstruction. Interestingly, while there are
a number of generally accepted indications for the
preoperative placement of biliary stents, e.g., patients with
cholangitis, obstructive jaundice or patients who have to
wait several weeks until definitive surgery[2], a number of
well-designed prospective randomized trials as well as
retrospective data analyses have shown no benefit of preoperative stenting[1,3-10] (Table 1). Martignoni et al[5] concluded
in a consecutive retrospective series of 257 patients that
preoperative biliary stenting does not affect early or late
outcome in patients undergoing pancreatoduodenectomy.
Furthermore, Büchler et al[11] concluded in a recent article
that preoperative biliary drainage does not affect mortality
and/or morbidity in high-volume centers of pancreatic
surgery.
Moreover, a recent study by Povoski et al[1] even found
an increased incidence of infectious complications after preoperative biliary stenting and pancreatic head resection.
Endoscopic stenting can cause acute pancreatitis which can
delay or even eliminate the possibility of curative surgery[12].
Additionally, biliary stents introduce organisms into the bile
which is usually sterile prior to the manipulation[6,7,13]. As a
result, preoperative stenting conveys the risk of cholangitis
and inflammatory reactions around the bile duct, which often
impairs the initial situation of a later surgical intervention[2,6,14].
In addition, Hochwald et al[6] reported a relationship between
bacterial bile contamination and the duration of stent
placement. This analysis also showed that infectious
complications, such as wound infection, intra-abdominal
abscess, pneumonia and cholangitis, are associated with
pre-operative biliary stenting, representing the greatest
source of post-operative morbidity[6]. The incidence of
bacterial bile contamination after endoscopic stenting at
the time of resection is up to 94%[7]. Clearly, these data
show that pre-operative stents convey a risk of increased
bile contamination (Table 2).

Table 2 Postoperative complications after preoperative stenting
Complications preoperative stent vs no stent
Study

Positive bile
Infectious complications: Increase of total
culture (after
wound or abdominal
days spent in
preoperative stent)
complications
hospital

Povoski et al.[1]
Heslin et al.[4]

NA
NA

41% vs 25% (P<0.014)
33% vs 6% (P<0.003)

Hochwald et al.[6]

69%

52% vs 28% (P<0.03)

Karsten et al.[7 ]

94%

NA

Pisters et al.[9 ]
Sohn et al.[10]

NA
NA

37% vs 31% (P<0.71, NS)
35% vs 30% (NS)

NA
20%
0%
NA
NA
NA

Abbreviations: NS, not significant; NA, not available.

In our patient, incubation of the intra-operative bile
smear revealed MRSA. To our knowledge, this is the first
report of biliary MRSA infection followed by endoscopic
stenting. Infection with MRSA increases the risk of morbidity
and mortality, which results in prolonged hospitalization and
high utilization of costly treatment modalities [15]. The
treatment options for an established infection with these
multidrug-resistant strains are limited as MRSA is resistant
to most antimicrobials. Antibiotics with potential or proven
activity against MRSA are fluoroquinolones, fusidic acid,
rifampicin and vancomycin [15,16]. In order to prevent
infections with these multi-resistant strains, it is important
to develop appropriate standards referring to the optimal
use of antibiotics in hospitals and extensive application of
hospital hygiene measures. In addition, iatrogen infections
have to be avoided. Since our patient had an infection of
the bile due to pre-operative biliary stenting with a clear
indication for curative resection, a crucial question is whether
preoperative endoscopic stenting was even necessary. The
fact that even though several studies show no benefit of
pre-operative biliary stenting for obstructive jaundice in
malignant diseases, the question “to drain or not” preoperatively as a supportive measure for surgery has not yet
been definitely answered. However, even if there is a limited
benefit of pre-operative stenting, its necessity has to be
questioned, particularly in regard to its side effects.
In conclusion, pre-operative stenting in malignant
obstructive jaundice can cause severe problems like biliary
infection and may delay or even eliminate the possibility of
curative surgery. Biliary infections, especially with MRSA,
are very difficult to treat and can be very costly. Although
the retrospective nature in most studies calls for caution,
the authors’ conclusions are consistent: One should be very
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thoughtful about the placement of biliary stents in patients
with periampullary neoplasms who are candidates for
curative surgery.
In order to generate unbiased scientific evidence, the
role of pre-operative drainage in patients with malignant
biliary obstruction has to be clarified in a large, controlled
and randomized trial.
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Abstract
AIM: Metastases from lung cancer to gastrointestinal tract
are not rare at postmortem studies but the development
of clinically significant symptoms from the gastrointestinal
metastases is very unusual.
METHODS: Formalin-fixed, paraffin-embedded tissues
were cut into 5 m thick sections and routinely stained
with hematoxylin and eosin. Some slides were also
stained with Alcian-PAS. Antibodies used were primary
antibodies to pancytokeratin, cytokeratin 7, cytokeratin
20, epithelial membrane antigen, vimentin, smooth muscle
actin and CD-117.
RESULTS: We observed three patients who presented
with multiple metastases from large cell bronchial
carcinoma to small intestine. Two of them had abdominal
symptoms (sudden onset of abdominal pain, constipation
and vomiting) and in one case the tumor was incidentally
found during autopsy. Microscopically, all tumors showed
a same histological pattern and consisted almost exclusively
of strands and sheets of poorly cohesive, polymorphic giant
cells with scanty, delicate stromas. Few smaller polygonal
anaplastic cells dispersed between polymorphic giant cells,
were also observed. Immunohistochemistry showed
positive staining of the tumor cells with cytokeratin and
vimentin. Microscopically and immunohistochemically all
metastases had a similar pattern to primary anaplastic
carcinoma of the small intestine.
CONCLUSION: In patients with small intestine tumors
showing anaplastic features, especially with multiple
tumors, metastases from large cell bronchial carcinoma
should be first excluded, because it seems that they are
more common than expected.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Metastases from lung cancer to gastrointestinal tract are
not rare at postmortem studies but the development of
clinically significant symptoms from the gastrointestinal
metastases is very unusual. Small bowel metastases from
lung carcinoma are also not uncommon and may be seen
more frequently as patients live longer after their diagnosis
of cancer. Small bowel metastases must be considered in
any patient with both lung carcinoma and abdominal pain,
and should be expected in patients with both lung carcinoma
and acute abdomen. The major manifestations are
gastrointestinal hemorrhage (occult or massive), ileus,
intussusceptions, and perforation[1-7]. On the other hand,
primary malignant tumors of the small intestine are rare,
especially anaplastic carcinoma. Very few of these malignant
neoplasms have been reported in the literature. The major
manifestations are the same as in metastatic tumors[8-15] .
We described three patients with large cell bronchial
carcinoma having multiple metastases to small intestine.
Diagnosis of primary large cell bronchial carcinoma was
confirmed by cytological or pathohistological examination
in all patients.
CASE REPORTS
Patient 1
A 64-year-old man who was previously diagnosed having
large cell bronchial carcinoma by cytology presented with
sudden onset of abdominal pain, constipation and vomiting.
Two years earlier the patient was treated with four cycles of
chemotherapy and TCT. Disturbances persisted for two
days before admission. Physical examination revealed diffuse
pain on deep abdominal palpation and weakness of intestinal
passage. Blood examination showed leukocytosis, anemia
and slightly elevated glucose. Lung radiography was done
and showed no signs of bronchial carcinoma or mediastinal
lymph node enlargement. The patient was treated with a
nasogastrical probe, infusion of physiological solution and
intravenous metoklopramid and trospij application.
Abdominal ultrasonography showed subileus of small
intestine. After ultrasonography the patient underwent
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abdominal computed tomography scan that confirmed
subileus and revealed few solid tumors in jejunum. Liver,
spleen, gallbladder, pancreas and abdominal lymph nodes
had no signs of tumor infiltration. Five days after admission,
surgical resection of 30 cm of small intestine with adjacent
mesenterium and regional lymph nodes was performed.
During surgery, three intraluminal cherry-like tumors and
four knots in mesenterial fat were palpable. The knots were
gummy. No other signs of tumor expansion were found.
The patient had no complication during the postoperative
course and was discharged ten days after surgery with
suggested oncological examination and treatment. No
additional therapy was perfor med as sug gested by
oncologists. One year after surgery the patient was still alive
and showed no signs of tumor spread.
Patient 2
A 63-year-old woman who had large cell bronchial carcinoma
confirmed by small biopsy with metastases in suprarenal
glands, liver and brain. Diagnosis was made eight months
ago and the patient underwent chemotherapy and TCT.
The patient presented with sudden onset of abdominal pain
and vomiting. Disturbances started one day before admission.
The physical examination revealed hardness of abdominal
wall and diffuse pain on abdominal palpation. Intestinal
passage was weak. Blood examination showed leukocytosis
and anemia. Abdominal radiography and ultrasonography
showed perforations of small intestine with free air in
peritoneum. The patient underwent urgent surgery and
27 cm of small intestine with adjacent mesenterium was
resected. During surgery, two tumors which penetrated the
wall of small intestine, were seen. The patient had no
complication during the postoperative course and was
discharged nine days after surgery with suggested
continuation of oncological treatment. Two months after
surgery the patient died at home. Autopsy was not performed.
Patient 3
A 60-year-old woman presented with sudden onset of
psychical disorientation and back pain extending to the left
leg. Head computed tomography scan excluded brain
damage, but lung radiography revealed tumorous infiltration
in the right upper lung lobe. The patient was hospitalized
and additional examinations showed increased body
temperature, leukocytosis, anemia, slight hypoxemia and
sinus tachycardia. Bone radiography showed no sign of
metastases. The patient was treated with analgetics,
sedatives, antibiotics, antiarrhythmic drugs and infusion of
physiological solution. Two days after admission, the
patient became unconscious and died. Autopsy revealed
nonhemorrhagic brain infarct located in parietal right region
as a cause of death. Pathological examination confirmed large
(eight centimeter in diameter) neoplastic process in right
upper bronchus and found metastasis in left adrenal gland.
During the resection of small intestine, a pathologist revealed
four whitish tumors in the wall. Tumors measured between
1 and 2 centimeters in diameter and intestinal wall between
tumors had no sign of tumor involvement. On the cut
surface, tumors were partially necrotic, soft and did not
penetrate intestinal wall.
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MATERIALS AND METHODS
Formalin-fixed, paraffin-embedded tissues were cut into 5 m
thick sections and routinely stained with hematoxylin and eosin.
Some slides were also stained with Alcian-PAS. Deparaffinization
and immunohistochemical staining were performed following
microwave streptavidin immunoperoxidase (MSIP) protocol
on a DAKO TechMateTM Horizon automated immunostainer.
We used primary antibodies to pancytokeratin, cytokeratin
7, cytokeratin 20, epithelial membrane antigen, vimentin,
smooth muscle actin and CD-117 (purchased from DAKO,
Copenhagen, Denmark). Dilution of all antibodies was
“ready to use”.
RESULTS
Patient 1
Pathologic examination revealed three separate polypoid
tumors in intestinal lumen, the distance between tumors
was at least 3 cm (Figure 1). Intestinal wall between tumors
had no sign of tumor spread or infiltration. The tumors
had a maximum diameter between 1.5 and 4 cm and showed
an expansive growth. In the adjacent mesenteric fat tissue
four knots were found. One knot was measured 8 cm and
the other three were up to 1 cm. On the cut surface, tumors
and knots were whitish, flashy and soft.

Figure 1 Polypoid tumor in intestinal lumen. On the cut surface
the tumor was whitish, flashy and soft.

Microscopically all tumors showed a same histological
pattern and consisted almost exclusively of strands and
sheets of poorly cohesive, polymorphic giant cells with
scanty, delicate stromas (Figure 2). Few smaller polygonal
anaplastic cells dispersed between polymorphic giant cells,
were also observed. Tumor giant cells were anaplastic with
abundant light eosinophilic cytoplasms. The nuclei were
pleomorphic with distinct nuclear membranes, irregular
chromatin clumping and pushed to the edge of cells. Each
nucleus contained one or more prominent nucleoli. Smaller
polygonal cells had same nuclei and the only difference
between two cell types was the cytoplasm size and shape.
Mitotic index was high with typical and atypical mitotic
figures. Mucosal ulceration, focal necrosis and hemorrhage
were found. Diffuse and slight infiltration with mononuclear
and polymorph cells was also seen in all tumors and
metastases. Tumors infiltrated submucosa but muscular part
of intestinal wall was not affected. Two mesenterial knots

Tomas D et al. Multiple metastases to the small bowel

Figure 2 Tumor consisted almost exclusively of strands and sheets
of poorly cohesive, polymorphic giant cells with scanty, delicate
stromas (hematoxylin-eosin ×400).

1401

Figure 4 Diffuse intense staining for vimentin in tumor cells (MSIP
×400).

Microscopically both tumors showed a same histological
pattern as described previously. Tumors penetrated intestinal
serosa and spread to adjacent fat tissues. No tumor was
found at the surgical margins. Imunohistochemically tumor
cells were focally positive for pancytokeratin and diffusely
positive for vimentin. We compared these microscopic
findings with findings in first patient and asked additional
data about the patient. Additional data showed the existence
of an extended large cell bronchial carcinoma and diagnosis
of metastatic large bronchial carcinoma was made.
Figure 3 Focal positivity for pancytokeratin in tumor cells(MSIP ×400).

were built of the same tumorous tissue and the other two
were built of lymph nodes without signs of tumor infiltration.
The surgical margins were free of tumor. Special stain (AlcianPAS) demonstrated no intracellular or extracellular mucin.
Immunohistochemically, tumor cells at both sites, intestinal
and lymph nodes, were focally positive for pancytokeratin
(Figure 3), cytokeratin 7, cytokeratin 20 and epithelial
membrane antigen and diffusingly positive for vimentin
(Figure 4). Smooth muscle actin and CD-117 were negative.
The diagnosis of primary anaplastic carcinoma of small
bowel was suggested. However, careful clinical check-up
was recommended in order to exclude primary giant cell
bronchial cancer. Few weeks after diagnosis was established,
we got some additional information about the patient.
Two years earlier, the patient was treated for pulmonary
carcinoma with four cycles of chemotherapy and TCT
(cytological diagnosis was large cell pulmonary carcinoma).
Lung radiography was done before surgical resection of
small intestine and showed no signs of bronchial carcinoma
or mediastinal lymph node enlargement. These data
suggested the diagnosis of metastatic large cell bronchial
carcinoma.
Patient 2
Pathologic examination revealed two separate whitish tumors
in intestinal wall, the distance between tumors was 22 cm.
Intestinal wall between tumors had no sign of tumor
involvement. The tumors had a maximum diameter 1.5
and 2.5 cm and were partially necrotic, flashy and soft on
the cut surface with obvious affection of intestinal serosa.

Patient 3
Microscopically all four tumors (lung, adrenal glands and
four intestinal tumors) showed a same histological pattern
that was previously described and were similar to those found
in large cell bronchial carcinoma.

DISCUSSION
Primary malignant tumors of the small intestine are rare
and easy to be misdiagnosed because of their low morbidity
and nonspecific clinical manifestations[15]. Metastases in small
intestine are also rare, especially multiple ones. Primary and
metastatic tumors share the same clinical manifestations
and diagnostic problems[1-3,5,15]. All our patients had multiple
metastases and all tumors were predominantly composed
of large anaplastic cells, which expressed both epithelial and
mesenchymal immunohistochemical markers. In the first
case we were not completely sure that the tumor was
metastatic because polypoid growth pattern, multiple tumors
and affection of mesenterial lymph nodes were not
characteristic for metastatic tumors. Incomplete clinical data
and lung radiography that was done before surgery failed
to confirm the metastasis of lung cancer. The next two
cases showing similar features more commonly favor
metastatic tumors from primary lung cancer. Lung cancer
is most commonly metastatic to mediastinal lymph nodes,
pleura, liver, bone, brain and adrenals, but some authors
proved that symptomatic small bowel metastases could occur
early in the course of the disease[2,7] . Previous reports of
such metastases of the small bowel have documented a
very poor prognosis for such patients[1-7]. Diagnostic problems
might appear due to the lack of appropriate clinical data or
when primary tumor was unknown because clinical symptoms,
microscopic pattern and immunohistochemical profile of large
cell bronchial carcinoma metastases were similar to primary
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anaplastic carcinoma of the small intestine. Predominant sites
of anaplastic carcinoma (so called pleomorphic carcinoma,
sarcomatoid carcinoma, giant cell carcinoma or carcinosarcoma)
are lung, pancreas, thyroid and gallbladder. It is very
uncommon in small intestine. According to the predominance
of cell type, these tumors could be subdivided in three types:
giant (gemistocytic) cell type, spindle cell type or mixed
type [8-14] . Bak et al [9] reported four cases of giant cell
carcinoma, two in small intestine (tumors were multiple)
and two in large bowel (in one case tumor was multiple),
and concluded on the basis of the same light and electron
microscopy, nu clear characteristics and identical
immunohistochemical reaction that the distinction among
three cell types was the shape and amount of cytoplasm
and believed that gemistocytic cells evolved from smaller
polygonal cells. Gemistocytic cells were identical to the giant
cells of pulmonary giant cell carcinoma. The size of
gemistocytic cells varied and larger cells had two or more
nuclei. All the three cell types were imunohistochemically
positive for epithelial (cytokeratin, epithelial membrane
antigen) and mesenchymal markers (vimentin). Some of
these tumors were also positive for neuroendocrine markers
(neuron specific enolase, chromogranin)[8,9,11,12]. The WHO
classification of lung cancer recognizes spindle cell
carcinoma and giant cell carcinoma as separate neoplasms
related to squamous cell carcinomas and large cell carcinomas,
but some authors included these group tumors with
adenocarcinomatous foci and considered all giant cell carcinomas
to be poorly differentiated adenocarcinomas[9]. Indeed the foci
of squamous cell carcinoma or adenocarcinoma were found
in 10% and 45% of pleomorphic carcinomas, respectively,
and produced an additional uncertainty as to the distinctive
nature of this tumor type[16] . In adenocarcinomas of the
lungs, pancreas and thyroid, focal giant cell formation was
sometimes seen but these cells retained some characteristics
of their origin and had no typical gemistocytic morphology[9].
Przygodzki et al[16] tested the hypothesis that pleomorphic
carcinomas (giant and spindle cell) were one entity separated
from squamocellular carcinomas or adenocarcinomas by
evaluating the mutational spectrum seen in these tumor
types. They compared the mutation type and the rate of Kras-2 and p53 genes in pleomorphic and squamocellular
adenocarcinoma and revealed significant differences in the
pattern and frequency of genetic mutations between all
three types of tumors and according to these findings
separate histopathologic classification of these tumors were
recommended. Before these findings, Agrawal et al[8]. also
proved that pleomorphic carcinomas had no connections with
squamocellular adenocarcinomas and thought that some of
the histological, immunohistochemical and ultrastructural
differentiation characteristics were similar with carcinoid tumors
and considered that these tumors were poorly differentiated
variants of neuroendocrine carcinomas. Despite the name
and origin, anaplastic carcinoma is a rare variant of small
intestinal carcinoma with an aggressive clinical course and
poor outcome and must be distinguished from large cell
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bronchial carcinoma metastases, which may be the first sign
of lung malignancy[11-15]. In conclusion, multiple metastatic
intestinal tumors from primary large cell bronchial carcinoma
are more common than generally believed. Therefore in
patients with small intestine tumors with anaplastic features,
especially in patients with multiple tumors, metastases from
large cell bronchial carcinoma must be excluded because
they might be more common than expected.
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Abstract
AIM: To evaluate the clinical presentations of solidpseudopapillary tumor of the pancreas (SPT) and examine
the diagnosis, treatment, low grade malignant potential
of this rare disease.
METHODS: We retrospectively reviewed a series of seven
patients with SPT managed in our hospital between July
1990 and October 2003. Six females and one male with
mean age of 31 years (range 13 to 50 years) were
diagnosed with SPT at our institution.
RESULTS: Clinical presentation included a palpable
abdominal mass in two patients and vague abdominal
discomfort in another two. Two patients were asymptomatic;
their tumors were found incidentally on abdominal
sonographic examination for other reasons. The final
patient was admitted with hemoperitoneum secondary
to tumor rupture. The mean diameter of the tumors in
the seven patients was 10.5 cm (range 5 to 20 cm). The
lesions were located in the body and tail in five cases and
in the head of the pancreas in two. Surgical procedures
included distal pancreatectomy (3), distal pancreatectomy
with splenectomy (2), pancreaticoduodenectomy (1) and
a pylorus-preserving Whipple procedure (1). There were
gross adhesions or histological evidence of infiltration to
the adjacent pancreas and/or splenic capsule in four
cases. None of the patients received adjuvant therapy.
The mean follow up was 7 years (range 0.5 to 14 years).
One patient developed multiple liver metastases after
14 years of follow up.
CONCLUSION: SPT is a rare tumor that behaves less
aggressively than other pancreatic tumor. However, in
cases with local invasion, long-term follow up is
advisable.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Most pancreatic tumors are malignant and have a bad
prognosis. However, solid-pseudopapillary tumor of the
pancreas (SPT) is an unusual low-grade malignancy that
rarely metastasizes[1]. Surgical resection is generally curative
and the prognosis is excellent. We describe our experience
with seven cases of SPT and review the literature.
MATERIALS AND METHODS
Patients and methods
Case 1 A previously healthy 13-year-old girl had noted an
abdominal mass for 1 mo.
She denied any other symptoms or a family history of
malignancy. On examination, there was a huge, firm, nontender mass occupying nearly the entire abdomen. All blood
tests were normal, including tumor markers. Abdominal
ultrasound showed a large heterogeneous mass in region of
the pancreatic tail. Abdominal CT scan disclosed a round,
encapsulated mass of mixed density in the pancreatic tail
that displaced the left kidney inferiorly and laterally. At
operation, a large mass measuring 20 cm×17 cm with a
smooth glistening surface was found attached to the
underlying pancreas and spleen. As a well-defined margin
could not be identified, a distal pancreatectomy was
performed. Grossly the tumor weighed 2 250 mg. The cut
surface had a grayish white solid portion with intervening
cystic spaces. Microscopically, it was compatible with SPT.
Neither lymph node involvement nor capsular invasion was
seen. No immunostains were performed. The patient was
discharged on eighth postoperative day. There was no
recurrence of the disease until 12 years later, although
the patient was subsequently lost to follow up for 2 years.
About 14 years after the initial surgery, she returned
complaining of persistent abdominal discomfort with loss
of appetite for 3 mo. Abdominal echo revealed multiple
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space-occupying lesions in the liver of varying size and mixed
echogenicity. There was one hypoechoic lesion in the
moderately enlarged spleen. Abdominal CT showed several
well-defined mixed density lesions scattered in both lobes
of the liver and one similar lesion in spleen, but there was
no recurrence in the pancreas. Histologic examination of
hepatic tissue obtained by an echo-guided biopsy revealed
characteristics of SPT compatible with metastasis. The
metastatic tumor cells were reactive for vimentin, 1antitrypsin, 1-antichymotrypsin and NSE but not for
chromogranin or synaptophysin. The patient underwent
radiofrequency ablation therapy for palliative treatment but
with no improvement. She died of progressive disease at
10 mo after the diagnosis of metastases.
Case 2 A previously healthy 19-year-old female presented
with left upper abdominal pain following blunt abdominal
trauma in a traffic accident. She was afebrile and initially
had a normal pulse and blood pressure. There was a mild
left abdominal tenderness on palpation. However, after 8 h
of observation, she developed shock and signs of peritonitis.
An abdominal CT showed a well-defined heterogeneous mass
with a definite capsule. There was some soft tissue
enhancement inside the tumor with contrast, and the capsule
appeared to be disrupted. A substance with mixed echogenicity
was coming from the mass and there was a fluid collection
in the retroperitoneal space. The radiologist’s interpretation
was a retroperitoneal tumor with internal bleeding.
Laparotomy revealed a large, 8 cm×7 cm, well-encapsulated
globular tumor arising from the tail of the pancreas. The
abdominal cavity was filled with about 3 000 mL of old
blood clots. A distal pancreatectomy with complete excision
of the tumor was performed. Histologically, the tumor had
small uniform cells surrounding fibrovascular cores in a
myxoid mucinous stroma. There was some papillary-like
branching suggestive of SPT. The tumor extended into the
surrounding pancreatic tissue although there was no definite
perineural or vascular invasion. The tumor cells were
reactive for 1-antitrypsin, NSE and vimentin, but not for
cytokeratin, chromogranin or synaptophysin. The patient
was well 6 mo after surgery.
Case 3 A 19-year-old female nursing student was admitted
with an intra-abdominal mass that had been presented for
3 mo. She was incidentally found to have a vague mass
when she and her classmates were practicing physical
examination on each other. The mass was huge and firm,
not totally mobile, and located in the middle of the abdomen.
She did not immediately seek further evaluation because
of the lack of other symptoms such as pain, abdominal
fullness, fever, nausea, or vomiting. However, the mass
gradually enlarged, and she lost three kilograms in the two
months before admission. There was no history of hepatobiliary or pancreatic disease or other malignancy in her
family. A complete hemogram and biochemistry tests,
including liver function, were within normal limits. Tumor
markers were also unremarkable. An abdominal echo
revealed a large retroperitoneal tumor in the right upper
quadrant compressing the right kidney. Abdominal CT
showed a well-encapsulated lesion in the pancreatic head.
Selective superior mesenteric artery angiography showed
an avascular soft tissue lesion displacing near-by vessels. At
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surgery, a huge 10 cm×9 cm, lobulated mass was found
arising from the pancreatic head and surrounded by multiple
feeding vessels. Because of an irregular tumor margin with
some adhesions around the tumor, malignancy was
suspected, and a Whipple procedure was performed. The
pathology showed fairly uniform oval to short cylindrical
neoplastic epithelial cells growing in solid sheets with papillary
structures and myxedematous stroma. The capsule was
focally incomplete and perineural invasion was also seen.
On immunohistochemical staining, the tumor was strongly
positive for vimentin, 1-antitrypsin, and NSE and negative
for chromogranin, estrogen and progesterone receptors. The
patient was well without recurrent disease one year after
the surgery.
Case 4 A 29-year-old woman with medically treated
hyperthyroidism was admitted for a high fever and skin
rash for 1 wk. Apart from a leucocytosis of 2.6×104/mm3
with a left shift, other routine laboratory tests were negative.
An abdominal echo performed as part of a routine fever
work up revealed a huge, well-circumscribed oval mass of
mixed echogenicity in the tail of the pancreas. The patient
denied alcohol drinking, smoking, or oral contraceptive pill
use. There was no history of hospitalization for pancreatitis
or trauma to the abdomen. CT scan of the abdomen showed
a well-defined heterogeneous mass containing cystic and
solid portions seeming to arise from the tail of the pancreas
and displacing surrounding structures. The radiological
diagnosis was a retroperitoneal tumor. At laparotomy, a huge
11 cm×8 cm tumor was found in the tail of the pancreas
with extension to the splenic hilum. A distal pancreatectomy
and splenectomy were performed. Histologically, the tumor
was composed of nests of epithelial cells with a solid
pseudopapillary, cystic and trabecular pattern suggestive of
SPT. Immunostaining was positive for NSE, 1-antichymotrypsin, chromogranin, cytokeratin and vimentin. Some
tumor cells extended to the peri-splenic soft tissue and
adhered to the capsule of the spleen. The patient had no
evidence of recurrence after 3-years’ follow up.
Case 5 A 42-year-old women with mild hypertension
developed persistent left upper abdominal discomfort for
3 mo. There was no anorexia, vomiting, or fever. She denied
any change in bowel habits or weight loss. She appeared to
be well developed and well nourished. On abdominal
examination, there was a huge mass in the left upper
quadrant that was mildly tender to palpation. Abdominal
sonography revealed a well-defined retroperitoneal mass with
a cystic appearance. All routine laboratory tests, urinalysis,
and a test for occult blood in the stool were all normal, as
were CEA and CA-199. CT scan showed a large well
circumscribed mass in the body and tail of the pancreas.
There was a irregular wall enhancement on contrast injection
and calcified densities in the lower portion of the lesion. It
was interpreted as a retroperitoneal tumor. Exploratory
laparotomy showed a large tumor measuring 15 cm in
diameter arising from the body and tail of the pancreas. It
adhered extensively to the distal pancreas and spleen,
requiring distal pancreatectomy and splenectomy. Pathologically,
the tumor cells were small and uniform with a finely granular
eosinophilic cytoplasm and rare mitoses. They grew in solid
sheets or papillary projections compatible with SPT. No
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immunostains were performed. The patient has had no
recurrence or metastasis after 14 years.
Case 6 A 45-year-old female was admitted because of
sonographic evidence of pancreatic tumor found during a
routine medical check. Apart from frequent abdominal
fullness, there were no other gastrointestinal symptoms.
Tumor markers and other laboratory tests were within
normal limits. Repeat abdominal echo revealed a hyperechoic
mass in the body of the pancreas. CT scan showed an
ill-defined heterogeneous solid mass with moderate
enhancement in the pancreatic body measuring about
5 cm×4 cm. Tiny calcifications were present within the
lesion. There was no dilatation of the pancreatic or bile
duct. At surgery, the tumor was enucleated and a distal
pancreatectomy was performed. Histologically, the tumor
showed characteristics of SPT. Tumor cells were positive
for vimentin, NSE and 1- antitrypsin, but not for endocrine
markers including chromogranin and synaptophysin. At the
2-year follow up, there was no recurrence of the disease.
Case 7 A 50-year-old previously healthy man was
transferred to our hospital for a suspected tumor in the
pancreatic head. He had had persistent epigastric discomfort
before meals for 1 year but no nausea or vomiting. He
denied weight loss or poor appetite. Physical examination
was unremarkable. Abdominal sonography revealed a
heterogeneous mass with a central hypoechoic component
in the head of the pancreas measuring about 5 cm×4 cm.
On abdominal CT, the tumor was located in the superior
aspect of the pancreatic head and had relatively low
attenuation. It was thought to be pancreatic carcinoma.
Neuroendocrine markers, CEA, and CA-199 were not
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elevated. At laparotomy, an oval well-encapsulated lesion
slightly adherent to the adjacent pancreatic tissue was
found, and a pancreaticoduodenectomy was performed.
Microscopically, the tumor cells had eosinophilic cytoplasm
with monomorphic round to oval nuclei in a delicate
fibrovascular stroma. Some cells were arranged in large
branching papillary clusters with slender central fibrovascular
cores. The tumor cells were strongly positive for vimentin,
1-antitrypsin, cytokeratin, and NSE but not for chromogranin
or synaptophysin. Although there were several foci of
perivascular invasion and infiltration of tumor cells into
the surrounding pancreatic parenchyma, the patient remained
well after 6 years of follow up.

RESULTS
Characteristic features in this series
Demographic and clinicopathological findings of the patients
are summarized in Table 1. Only one was male. The mean
age was 31 years (range 13 to 50 years).Two patients
presented with a palpable abdominal mass and two others
with abdominal discomfort. Another two patients were
asymptomatic, with tumors found incidentally during
sonographic examination for other reasons. One patient was
admitted with hemoperitoneum from a ruptured tumor after
blunt abdominal trauma.
The sonographic features were similar in all cases, with
relatively large tumors with mixed echogenicity in or adjacent
to the pancreas. The CT scans revealed large well-encapsulated
and circumscribed retroperitoneal masses with central
heterogenicity and displacement of nearby structures. Other
more variable radiologic features included intravenous

Table 1 Demographic and clinicopathologic data from seven patients with solid-pseudopapillary tumor of the pancreas
Case
1
2
3
4
5
6
7

Age
(yr)

Sex

Presentation

Site

13
19
19
29
42
45
50

F
F
F
F
F
F
M

Mass
Hemoperi- toneum
Mass
Asympto- matic
Abdominal discomfort
Asympto-matic
Abdominal discomfort

Tail
Tail
Head
Tail
Body + Tail
Body
Head

Size
(cm)
20
8
10
11
15
5
5

Local Invasion/
metastasis

Operation

Liver and Spleen
Pancreas
Pancreas
Spleen
Pancreas and spleen
Nil
Pancreas

DP
DP
Whipple
DP+S
DP + S
DP
PD

Follow up
(yr)
REC (14)
AW (0.5)
AW (1)
AW (3)
AW (14)
AW (2)
AW (6)

OP: operation; DP: distal pancreatectomy; S: splenectomy; PD: pancreaticoduodenectomy; REC: recurrence; AW: alive and well.

A

B

Figure 1 Computed tomographic (CT) scan of SPT. A: Encapsulated complex, solid and cystic mass in tail of the pancreas with some internal
enhancement after contrast injection shows hemorrhagic degeneration (arrow) (Case 4); B: Calcification in the mass in the body of the
pancreas (arrow) (Case 6).
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contrast enhancement suggesting hemorrhage (Figure 1A)
in cases 1 to 5 and calcifications in or at the periphery of
the mass (Figure 1B) in cases 5 and 6. Five tumors were
located in the body and tail and two in the head of the
pancreas. In the case of traumatic rupture, there was
disruption of the capsule and retroperitoneal hemorrhage
(Figure 2) in case 2. Angiography was performed only in
case 3 and showed an avascular tumor with displacement
of the surrounding vessels (Figure 3).
The mean tumor diameter was 10.5 cm (range 5 to 20 cm)
and all tumors have a definite fibrotic capsule. Most had
hemorrhagic degeneration and old blood clot could be
aspirated from the cystic part of the mass (Figure 4A). Cut

Figure 2 A huge complex mass with a well-defined capsule (straight
arrow) and disrupted area (curved arrow) with hemoperitoneum secondary to blunt abdominal trauma (Case 2).

Figure 3 Superior mesenteric artery angiogram in case 3 showing
avascular soft tissue lesion with displacement of nearby vessels
(arrows).

A

B

Figure 4 Gross appearance of SPT (Case 3) shows A: well encapsulated tumor with old blood clots aspirated from the lesion; B: cut
section of the tumor reveals hematoma with a solid gray-white area
at the periphery.
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sections of the tumors showed multiple cystic spaces, and
some were filled with old blood clots interspersed with
solid gray white areas, depending on the degree of necrosis
(Figure 4B). The proportion of cystic to solid areas was
very variable. In five cases (1, 3, 4, 5, and 7), the tumors
were adherent to the adjacent pancreas and spleen, requiring
more aggressive surgery, such as distal pancreatectomy with
splenectomy, pancreaticoduodenectomy, or a Whipple
procedure.
Histologic examination of the tumors showed cystic,
solid and pseudo-papillary structures (Figure 5). In the
papillary areas, the tumor cells were uniform, short, and
cylindrical with monomorphic round to oval nuclei and rare
mitoses (Figure 6A). In the solid areas (Figure 6B), similar
tumor cells, some with cytoplasmic hyaline globules were
found. In cases 3 and 7, there were microscopic invasion
nerves or vessels, and the capsule was incomplete. Infiltration
of tumor cells through the capsule into the surrounding
pancreatic parenchyma, the spleen, or both were noted in
cases 2, 4, and 7.
Immunohistochemical studies were performed in six
cases (primary tumor in cases 2, 3, 4, 6, and 7 and liver
metastases in case 1) (Table 2). They were mostly strongly
positive for vimentin, 1-antitrypsin, NSE, and negative for
chromogranin and synaptophysin. 1-antichymotrypsin was
positive in metastatic lesion of case 1 and primary lesion
of case 4. Also case 4 and 7 reactive for cytokeratin. Estrogen

Figure 5 Tumor with pseudopapillary clusters (curved arrow), cystic
spaces (straight arrow), and solid portion (arrow head) (HE, original
magnification x20).

A

B

Figure 6 The tumor comprised A: branching pseudopapillary
structures (HE, original magnification x200); B: solid sheets of fairly
uniform cells with cytoplasmic hyaline globules (arrows) (HE, original
magnification x200).
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Table 2 Immunostaining study of SPT of the pancreas
Case

Lesion

AAT

ACT

NSE

Vim

CTK

Chr

SYN

Est

Pro

1
2
3
4
5
6
7

M
P
P
P
P
P

Posi
Posi
Posi
Posi
Posi

Posi
Posi
-

Posi
Posi
Posi
Posi
Posi
Posi

Posi
Posi
Posi
Posi
Posi
Posi

Neg
Posi
Posi

Neg
Neg
Neg
Posi
Neg
Neg

Neg
Neg
Neg
Neg

Neg
-

Neg
-

M: Metastatic liver lesion; P: Primary tumor; Posi: Positive: Neg: Negative; AAT: 1-antitrypsin; ACT: 1-antichymotrypsin; NSE: neuron-specific enolase; Vim:
vimentin; CTK: cytokeratin; Chr: chromogranin; SYN: synaptophysin; Est: estrogen; Pro: progesterone.

Figure 7 CT showing varying sized masses of mixed density in both
lobes of the liver (straight arrow) and one similar lesion in the
enlarged spleen (curved arrow) in case 1.

Figure 8 Metastatic tumor in liver (case 1) showing small tumor
cells (straight arrow) compared to the normal liver cells with abundant cytoplasm (curved arrow) (HE, original magnification x200).

and progesterone receptors were tested in only case 3 and
they were found to be absent.
After surgery, the patients were apparently disease-free
without adjuvant therapy on follow up ranging from 0.5 to
14 years (mean 7 years). However, in case 1, metastases
were found in the liver and spleen 14 years after surgery
(Figure 7), ultimately leading to the patient’s death. The
histological features of the hepatic metastases (Figure 8)
were identical to those of the primary tumor.

DISCUSSION
Pancreatic tumors can be divided into three categories:
exocrine tumors arising from acinar and ductal cells,
endocrine tumors, and rare mesenchymal neoplasms.
Pancreatic tumors are relatively less common that certain

other malignancies, but they generally have an extremely
poor prognosis. SPT is a very rare entity, with a reported
incidence of 0.13% to 2.7% of all pancreatic tumors[2] .
Although its cause is still unknown, the pathological features
are better understood.
SPT was first described by Frantz in 1959[3]. Since then,
various names have been used to describe this unusual lesion,
such as solid and cystic tumor of the pancreas, papillarycystic tumor, solid and papillary epithelial neoplasm, and
SPT of the pancreas. The last is the most recently accepted
term (WHO, 1996)[4].
Mao[5] in a cumulative review of the literature, found
that 90% of patients were females with a mean age of
23.9 years, slightly younger than the mean in our series
(31 years). The male:female ratio is 1:9.5 [5]. It has a lowgrade malignant potential. It tends to be fairly benign in
young females but appears to be more aggressive in older
males, whose mean age is about 10 years older than
women [6,16] . In our series, there was only one male patient,
and he was the oldest.
Clinically, patients with SPT of the pancreas usually have
vague abdominal symptoms with fullness or discomfort,
pain, and a palpable abdominal mass. About 9% of patients
are reportedly asymptomatic[2]. Rupture of a large tumor
with intra-abdominal hemorrhage as occurred in our second
case is uncommon but has been previously documented by
Mao[5] .
Physical examination is often normal apart from the
presence of an upper abdominal mass. Usually there is no
evidence of pancreatic insufficiency, abnormal liver
function tests, cholestasis, elevated pancreatic enzymes, or
an endocrine syndrome. Tumor markers are also unremarkable.
Given the good prognosis of the disease, it’s important to
make the diagnosis preoperatively if possible so that adequate
resection will be undertaken. Therefore, imaging studies
should be carefully assessed, with FNAC considered if
necessary[2] . Abdominal ultrasound and CT show a wellencapsulated, complex mass with both solid and cystic
components and displacement of nearby structures. There
may be calcifications at the periphery of the mass and
intravenous contrast enhancement inside the mass suggesting
hemorrhagic necrosis[1]. Procacci et al reported the accuracy
of CT scan in diagnosing cystic pancreatic masses to be
about 60%[7]. According to Cantisani et al. MRI is better
than CT for distinguishing certain tissue characteristics, such
as hemorrhage, cystic degeneration, or the presence of a
capsule, particularly as indicated by high signal intensity on
T1-weighted imaging and slightly progressive heterogeneous
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peripheral contrast enhancement, seen after godolinium
administration on dynamic examination[8] . Angiography
usually demonstrates an avascular or hypovascular pancreatic
tumor and may help delineate the mass from other involved
and adjacent structures[2].
Although, some radiological signs are suggestive of SPT,
radiologically guide FNAC may be needed to obtain a
preoperative diagnosis. In one study reviewing over 150
cases of SPT, when preoperative FNAC was done, over
70% of lesions were definitly diagnosed as SPT or had
SPT or low-grade epithelial neoplasm in the differential
diagnosis[2].
The origin of this tumor remains an enigma. Kosmahl[9]
attempted to correlate the immunoprofile of tumors in 59
patients with a cellular origin for SPT. They used a number
of different stains, including exocrine markers of acinar
differentiation (trypsin, chymotrypsin), ductal differentiation
(glycoproteins), and neuroendocrine markers (synaptophysin
and chromogranin). They found that the most consistently
positive markers were vimentin, NSE, 1-antitrypsin, 1antichymotrypsin and progesterone receptors, present in
more than 90% of tumors. Cytokeratin was demonstrated
in 70% and synaptophysin in 22%. However, their results
failed to reveal a clear phenotypic relationship with any of
the defined cell lines of the pancreas. Differentiation along
exocrine cell lines has been postulated for SPT on the basis
of trypsin and chymotrypsin positivity. However, NSE and
synaptophysin[9] positivity favors an endocrine origin. The
female predominance along with the presence of progesterone
receptors[9-11] in some reported cases suggests a neuroendocrine
origin. In a study by Pezzi, SPT had immunohistochemical
and ultrastructural evidence of both an endocrine and acinarductal differentiation, suggesting that this tumor may arise
from a pluripotent stem cell[12]. While progesterone receptors
have been found by some investigators, estrogen receptors
have not been demonstrated[11,14]. Another hypothesis by
Kosmahl is that there is a close relationship between the
pancreas and the genital ridges during embryogenesis, so
that the tumor cells may be derived from the celomic
epithelium and rete ovarii[9]. These stem cells may become
attached to pancreatic tissue during early embryogenesis[9,11].
The differential diagnosis of SPT of the pancreas
includes any solid or cystic pancreatic disease entities, such
as mucinous cystic tumor, microcystic adenoma, islet cell
tumor, cystadenocarcinoma, acinar cell carcinoma,
inflammatory pseudocyst, mucus secreting tumor,
pancreatoblastoma, and a vascular tumor-like hemangioma.
The first four are usually seen in older patients and have no
particular gender preponderance[13]. Pancreatoblastoma is
usually found in younger individuals of either sex.
Radiologically, a linear sunburst pattern of calcification is
the usual finding in microcystic adenoma. A hypervascular
pattern on angiography is suggestive of islet cell tumor rather
than SPT[13].
Grossly, SPT is a well-encapsulated, spherical mass,
usually measuring around 8 to 10 cm. The cut surface shows
large spongy areas of hemorrhage alternating with both
solid and cystic degeneration. The histological appearance
is very distinctive and is considered diagnostic. It is fundamentally a solid tumor with extensive degenerative changes
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forming solid cellular and hypervascular regions without
glands. Areas of degeneration may then develop into
pseudopapillary structures.
Nishihara [14] and colleagues showed that the presence
of necrosis, vascular or perineural invasion, high nuclear
grade, and prominent necrobiotic nests suggest a greater
malignant potential and aggressive behavior. Another study
reported a case of hepatic metastases in which there was
DNA aneuploidy and an elevated proliferative index[15]. In
our series, four patients had some such histologic findings,
such as an incomplete capsule, perineural or perivascular
invasion, and infiltration of tumor cells into the surrounding
pancreatic parenchyma and spleen (cases 2, 3, 4, and 7).
However, the one patient (case 1) who eventually developed
metastatic disease did not have microscopic features
suggesting a high malignant potential when she was first
operated on. Therefore, in view of the relatively indolent
biology of SPT, it is difficult to predict the prognosis
accurately in any particular case. In some cases, tumors
even smaller than the one in our male patient (case 7) had
have been associated with more aggressive behavior. The
fact that he was the oldest patient in our series is consistent
with other reports [6,16] in terms of incidence. Although SPT
is said to be more aggressive in older male patients, ours
has remained well for at least 6 years.
In approximately 85% of patients, SPT is limited to the
pancreas, while about 10% to 15% of tumors have already
metastasized at the time of presentation[5]. The most common
sites for metastasis are the liver, regional lymph nodes,
mesentery, omentum, and peritoneum. We have found no
other reports of splenic metastases. Although we did not
have tissue proof of metastasis in the spleen in case 1, the
radiologic features were very similar to those in the liver, in
which there were biopsy-proven metastases. However, the
original tumor was tightly adherent to the spleen, so we can
not exclude the possibility of direct rather than metastatic
spread of the tumor to the spleen.
One study demonstrated that even patients with local
recurrence as well as liver and peritoneal metastases could
still have long-term survival[16], our patient died of metastases
within one year of diagnosis. Metastases reportedly occur
at a mean interval of 8.5 years[17], usually in older patients
(over 36 years)[16]. However our patient was much younger
and had a prolonged disease-free interval compared to
previous reports. It may be that the biologic malignancy of
SPT increases with the aging of the tumor cells themselves.
Surgery is the mainstay of treatment, which is usually
curative for localized disease. There is evidence for prolonged
sur vival after adequate surgical resection even with
metastases. Even if the disease is extensive at the time of
presentation, surgical debulking favors prolonged survival[18].
Intra-operative frozen section may be helpful to ascertain
the adequate of the resection margins. There have been only
few reports of the use of radiotherapy[19] or chemotherapy[20],
so it’s difficult to judge the value of such measures.
In conclusion, SPT of the pancreas is a rare indolent
neoplasm with an unclear origin that typically occurs in young
females. The diagnosis depends on histologic confirmation,
but its appearance on imaging is fairly characteristic, being
a large well-encapsulated mass with calcification and areas
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of hemorrhagic degeneration. Surgical resection has
generally been curative, but close follow up is advisable,
particularly when the histologic characteristics suggest a more
aggressive tumor.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
AIM: To investigate the effects of cyclosporine A (CsA)
on thioacetamide (TAA)-induced liver injury.
METHODS: CsA was co-administrated (7.5 g/kg body
weight per day, i.p.) into rat to investigate the role of CsA
on TAA-(200 mg/kg body weight per 3 d for 30 d, i.p.)
induced liver injury.
RESULTS: The data show that TAA caused liver fibrosis in
rat after 30 d of treatment. CsA alleviates the morphological
changes of TAA-induced fibrosis in rat liver. The blood
glutamyl oxaloacetic transaminase (GOT)/glutamyl pyruvic
transaminase (GPT) in the TAA-injury group is elevated
compared to that of the normal rat. Compared with the
TAA-injury group, the blood GOT/GPT and TGF1 (by
RT-PCR analysis) are reduced in the CsA plus TAA-treated
rat. The level of the transforming growth factor receptor
I (TGF-R1) in the CsA plus TAA-treated group shows
higher than that in the TAA only group, but shows a lower
level of the fibroblast growth factor receptor 4 (FGFR4)
in the CsA plus TAA-treated group, when using the Western
blot analysis. After immunostaining of the frozen section,
TGF-R1 and FGFR4 are more concentrated in rat liver
after CsA plus TAA injury.
CONCLUSION: This result suggests that CsA has an
alleviated effect on TAA-induced liver injury by increasing
the multidrug resistance P-glycoprotein and could be
through the regulation of TGF-R1 and FGFR4.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Cyclosporine A; Thioacetamide; Liver injury;
P-glycoprotein; TGF1; TGF-R1; FGFR4
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INTRODUCTION
Thioacetamide [TAA, CH3-C(S)NH2], a hepatoxin, was first
used to control the decay of oranges and then as a fungicide[1].
In the liver, TAA is S-oxidized at the thioamide group to
TAA sulfoxide [CH3-C(SO)NH2] and subsequently to di-Soxide [CH3-C(SO2)NH2]. Reactive intermediates in this
pathway covalently bind to hepatic macromolecules and
eventually cause liver injury[2,3]. TAA undergoes an extensive
metabolism to acetamide shortly after administration and
to the hepatotoxic metabolite TAA-S-oxide by the mixed
function oxidase system[2-4] . Free radical-mediated lipid
peroxidation contributes to the development of TAAinduced liver fibrosis[5,6]. In chronic TAA intoxication,
substantial liver fibrosis and prominent regenerative nodules
develop after 3 mo of TAA administration and are associated
with portal hypertension and the hyperdynamic circulation
characteristic of liver cirrhosis[7]. Concerning biochemical
and morphological observations, the TAA-induced rat liver
cirrhosis has been shown to resemble the human disease
and serves as a suitable animal model for studying the causes
of human liver fibrosis and cirrhosis[8]. The transforming
growth factor beta-1 (TGF1) is synthesized in nonparenchymal cells such as hepatic stellate cell (HSC) and
inhibits hepatocellular DNA synthesis, both in culture and
in vivo. Picomolar concentrations of TGF1 suppress
hepatocyte DNA synthesis in culture. Moreover, injection
of TGF1 into partially hepatectomized rats significantly
delays the onset of DNA synthesis. TGF1 mediates the
transformation of quiescent HSCs into myofibroblast-like
cells with an increased production of extracellular matrix
(ECM) proteins, including type I collagen[9-13]. In addition,
TGF1 increases the synthesis and deposition of ECM
proteins such as fibronectin by HSC, and is closely associated
with the progression of hepatic fibrosis.
Cyclosporine A (CsA), a fungal cyclic polypeptide and
used clinically as an immunosuppressive agent[14,15] following
renal, cardiac, pancreatic, bone marrow, and hepatic
transplantation, has a number of adverse effects including
renal, hepatic, cardiovascular, alimentary, skin and neural
toxicity[16,17]. The alterations of dilatation of the endoplasmic
reticulum, loss of ribosomes, centrilobular fatty infiltration
and focal hepatocyte necrosis have been obser ved
microscopically in livers from CsA-treated animals[16,18] .
Inhibition of the ATP-dependent bile salt export carrier in
the canalicular membrane and the P-glycoprotein (P-gp)
transporter is probably involved in cholestasis caused by
CsA[19,20]. Despite extensive research on the sideeffects of
CsA including hypertension, hepatoxicity and nephrotoxicity,
the exact mechanisms of CsA-induced hepatoxicity remain
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obscure. Fibroblast growth factors (FGFs) comprise a
growing family of structurally related polypeptide growth
factors, currently consisting of 23 members[21]. They transduce
their signals through four high-affinity transmembrane protein
tyrosine kinases, FGF receptors 1-4 (FGFR1-4)[21-24], which
bind the different FGFs with different affinities. Of the
four FGFR isotypes, only FGFR4 is expressed in mature
hepatocytes[25] . It has become increasingly clear that the
ubiquitous and extremely diverse members of the FGF
family of activating FGF polypeptides, FGFR transmembrane
kinases and heparan sulfate oligosaccharide chains combine
in a tissue-specific mode to sense perturbation and maintain
homeostasis, both in diverse developing and adult tissues[22,25,26].
Recently, an agonist role for FGF1 and FGF2 is seen in
specifically insult-induced liver matrix deposition and hepatic
fibrogenesis and as a potential target for the prevention of
hepatic fibrosis by acute CCl4 exposure[27]. The aim of this
study was to investigate whether co-administration of CsA
with liver fibrotic agent TAA had any beneficial or deleterious
effects on TAA-induced liver injury.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (250-300 g) were obtained from
the National Laboratory Animal Center, Taipei, Taiwan, and
were kept in a temperature-controlled environment (22 ℃)
and fed adlibitum with standard rat chow. Rats were
randomly allotted into TAA-, CsA-, CsA plus TAA- and placebotreated groups (n = 5 in each group). Liver cirrhosis in rats was
induced by intraperitoneal (i.p.) injection of TAA (200 mg/kg)
every 3 d for 30 d is previously described. Animals assigned
to the CsA (Neoral®; Sandimmune®) group were given a daily
dose of CsA (7.5 g/kg body weight, i.p.) dissolved in olive oil.
The control group received the vehicle (normal saline solution)
only. Treatments were carried out for 30 d. Rats were bled for
blood test and sacrifices were treated with carbon dioxide gas
anesthesia in closed chamber after the end of the experiment.
One part of the liver was sampled for immunohistology.
The remainder of the liver was rapidly removed and stored
at -80 ℃ for RT-PCR and Western blot analysis.
GOT/GPT
The level of glutamyl oxaloacetic transaminase (GOT) and
glutamyl pyruvic transaminase (GPT) in the blood, as a
hepatic index for determining the status of liver function,
was measured by using the Johnson and Johnson assay on
the Vitros 750 (J and J/Vitros 750), a kinetic enzymatic
assay in which the rate of formation of the final oxidized
leuco dye is monitored at 670 nm. All assays were performed
according to the procedures described by the manufacturers.
Semi-quantitative RT-PCR
The liver was weighed before being homogenized with a
motorized Teflon pestle at 1 000 r/min for 2 min on ice, in cold
sterile water (W:V = 1:2), or in a Trizol reagent (Invitrogen,
USA) in order to isolate total RNA. After centrifugation
(12 902 g for 30 min at 4 ℃), the supernatant was kept at
-70 ℃ until the assay. Total RNA was extracted, and 5 g
of each RNA was soon thereafter reverse transcribed to
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first strand cDNA in 20 L of reaction mixture using a
SuperScriptTM First-Strand Synthesis System for RT-PCR
kit (Invitrogen). Sets of PCR primers for selected genes
and -actin were designed based on the NCBI database of
conserved coding regions (Table 1). One microliter of cDNA
solution and two sets (-actin and selected gene) of primers
were used in 25 L of PCR reaction samples. The
parameters of the -actin PCR reaction were 25 cycles at
95 ℃ for 45 s, 50 ℃ for 45 s and 72 ℃ for 1 min. After
25 cycles of amplification and sampling, 10 additional cycles
under the same condition for the selected gene were
amplified with a single cycle at 72 ℃ for 10 min. PCR
products were separated in 12 g/L agarose gel. After ethidium
bromide (EtBr, 0.5 g/mL) staining and photographing,
the data were analyzed by phoretix ID standard software,
after -actin (as an internal control) internalization.

Table 1 Primer sequence and expected lengths of fragments in RTPCR analysis of rat liver selected genes and -actin
Gene
Forward
Reverse
FGFR2
Forward
Reverse
FGFR4
Forward
Reverse
TGF R1 Forward
Reverse
TGF R2 Forward
Reverse
TGF R3 Forward
Reverse
Collagen1 Forward
Reverse
Collagen3 Forward
Reverse
Abcb1
Forward
Reverse
-actin

Primer sequence

Expected
lengths of
fragments

5’- GTCTTCCCCTCCATCGTG-3’
5’-TGCTTGCTGATCCACATCTG-3’
5’-GGACAGACCCAAGGAGGCAG-3’
5’-GCCAGCAGTCCCTCATCATC-3’
5’-GGAGGTGCTGTATCTGAGGAACGTG-3’
5’-TGTCGGAGGCATTGTCTTTCAG-3’
5’-CGTCGCTGCCTGCTTCTCATC-3’
5’-CCGCCATTTGCCTCGCC-3’
5’-CGACAACTGCGCCATCATCC-3’
5’-GGCCATGTATCTCGCTGTTCCC-3’
5’-GGTGTGGCATCTGAAGACGGAG-3’
5’-GCTCAGGAGGAATGGTGTGGACT-3’
5’- GCGAAGGCAACAGTCGATTC-3’
5’-CCCAAGTTCCGGTGTGACTC-3’
5’-CAGCTGGCCTTCCTCAGACTT-3’
5’-GCTGTTTTTGCAGTGGTATGTAATG-3’
5’-GGACCCACAGGCGGAGG-3’
5’-GCAGGGTTGTTGTAGGGCTCA-3’

992 bp
667 bp
599 bp
646 bp
649 bp
787 bp
69 bp
70 bp
634 bp

Sequence analysis
To confirm the nucleotide sequence of the PCR-amplified
product selected, the product was cloned into plasmid following
a cloning procedure as previously described. Plasmid DNA
of the recombinant colonies was isolated and purified, using
a Qiagen Plasmid Mini Kit. Fifty vectors were sequenced
at once, from the 5’ end using a Dye Terminator Cycle
Sequence FS Ready Kit and a T7 primer from Applied
Biosystems (Applied Biosystems ABI 377 sequencer).
Sequence files were processed electronically to remove
vector sequences, and were then analyzed using an automatic
BLAST algorithm, to screen the public nucleotide databases.
Western blotting
The liver was homogenized in a homogenization solution
(137 mmol/L NaCl, 1 mmol/L CaCl2, 1 mmol/L MgCl2,
0.1 mmol/L sodium ortho-vanadate, 20 mmol/L Tris-HCl
pH 7.4, 10 g/L NP-40, 1 mmol/L PMSF) with a motorized
Teflon pestle at 600 r/min for 20 strokes, on ice. After
centrifugation (at 12 902 g for 30 min at 4 ℃), the supernatant
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was kept at -70 ℃ until the assay. Total protein was
determined using the Bradford protein assay kit (Bio-Rad,
Hercules, CA) and calculated using bovine serum albumin
(Sigma, St. Louis, MO) as a standard. The whole liver
homogenate (total protein 40 g) was mixed with 6×
electrophoresis sample buffer, containing 1,4-dithiothreithol
(DTT, Sigma). The proteins were separated by electrophoresis
on a 40-120 g/L gradient polyacrylamide slab gel, and then
electrophoretically transfered to a PVDF membrane
(NENTM Life Science Products, Boston, MA). The blots
were incubated for 2 h in blocking buffer (30 g/L BSA
in TBST buffer) and were washed twice in TBST buffer
(8 g/L NaCl, 0.2 g/L KCl, 3 g/L Tris-base, pH 7.5, 0.24 g/L
KH2PO4 and 2 g/L Tween-20). Membranes were incubated
overnight at 4 ℃ with the first antibody as shown in
Table 2. After incubation with a secondary antibody (alkaline
phosphatase-conjugated goat anti-rabbit/sheep antibody,
1:4 000, ZYMED, San Francisco), the protein bands were
analyzed by ECL autoradiography.

Table 2 Antibodies used in current investigation
Antibody1
-actin, mouse polyclone
FGFR-2, rabbit polyclone, sc-122
FGFR-4, rabbit polyclone, sc-124
TGFR1, rabbit polyclone, sc-402
1

Dilution
1:500
1:500
1:500
1:1 000

Protein size (ku)
41
119
93
53

All antibodies were purchased from Santa Cruz Biotechnology (CA, USA).

Immunohistochemistry
Fresh tissues were carefully embedded in OCT (Optimal
Cutting Temperature, 4583, Tissue-Tek, SAKURA) in a plastic
mold, without air bubbles surrounding the tissue. The mold
was then put on top of liquid nitrogen until 70-80% of the
block turned white, and then the block was put on top of
dry ice. Prior to being sectioned, the frozen block was
equilibrated in the cryostat chamber for about 5 min.
Sections, 10-m thick, were mounted on glass slides, dried
at room temperature (RT) for at least 30 min. After washing
with PBS twics, the tissue slide was incubated with 30 mL/L
H2O2 for 10 min to cut down the endogenous peroxidase.
The slide was blocked with 70-100 g/L BSA for 20 min
after washing. The primary antibodies (diluted in 0.05 mol/L
Tris-saline, pH 7.4, 250 mL/L serum) as shown in Table 2
were directly added onto the sections and incubated
overnight at 4 ℃. The antibodies were removed, and the
tissue slide was washed thrics, for 10 min each time, with
PBS buffer, at RT. The secondary antibody, diluted in
Tris-saline/25 mL/L serum, was added and incubated for
an additional 45 min. After washing, an ABC (avidin and
biotinylated horseradish peroxidase macromolecular
complex, PK-6105, VECTOR) reagent was added for 30
min of incubation. Methyl green was counterstained for
less than 5 min after washing. The slide was sequentially
fixed with 700, 850, 950 and 1 000 mL/L ethanol and
xylene. The slide was then washed with deionized water for
5 min and left on a bench to air dry. The stained slide was
mounted with VectaMountTM, P0505, (VECTOR, CA, USA),
and microscopic examinations were carried out.
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Sirius red staining (collagen)
The tissue slide was stained with Weigert’s hematoxylin for
cell nuclear staining prior to the Sirius red staining. After a
10-min wash, the slide was incubated with Pico Sirius red at
RT for 1 h. The slide was then washed twice with acidified
water before dehydration with ethanol absolute anhydrous.
Afterwards, the tissue slide was washed with xylene and
fixed in a permanent mounting medium (VECTOR).
Statistical analysis
All data are expressed as the mean±SE. Differences among
the groups were determined by one-way analysis of variance
(ANOVA) using SuperANOVA, statistical software from
MICROSOFT (Abacus Concepts Inc., Berkeley, CA), and
the means among them were compared with control values
by the Student’s t test. P values <0.05 were chosen to be
significant.

RESULTS
Morphology/blood GOT/GPT
After carbon dioxide anesthetic, the internal organ was
removed immediately and a photograph was taken. The
data showed that TAA obviously induced morphological
injury in the liver after 30-d treatment. CsA alleviated the
morphological changes of TAA-induced fibrosis in rat liver.
The GOT/GPT of the blood in the TAA-injury group was
elevated compared to that of the normal rat. Compared
with the TAA-injury group, the blood GOT/GPT declined
in the CsA plus TAA-treated rat (Figures 1A, B).
Collagen
After Sirius red staining of the frozen sections, the collagen
in the CsA plus TAA group was lower than that in the TAA
group (Figure 2A). After RT-PCR of collagen I and III, the
data showed that TAA induced collagen I and III in the
RNA level compared to that of the control group. The
collagen I expression of the CsA plus TAA group was lower
than that in the TAA group (Figure 2B). However, the
collagen III level was not significantly different between
the TAA and the CsA plus TAA groups (Figure 2C).
TGF1 and receptor
TGF1 appears to be an important regulator in both normal
and pathological conditions in the liver. In the TAA or CsA
group, the expression of the TGF1 level was elevated
compared to that of the control group. Conversely, the
TGF1 in the CsA plus TAA group was lower than that in
CsA or TAA alone (Figure 3A). The expression levels of
TGF-R2 and TGF-R3 are not significantly different
among treatments (Figures 3B, C). The protein level of
TGF-R1 in CsA plus TAA-treated liver is higher than that
of the TAA group (Figure 4B), but not significantly different
in RNA level among treatments (Figure 4A). The
aggregations of TGF-R1 immunostaining in liver caused
by the TAA or the CsA group were sparse and scattered
compared with those by the CsA plus TAA group (Figure 4C).
This result implies that CsA might have a protective effect
on TAA-induced liver injury through the regulation of the
TGF1 receptor.
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Figure 1 (A) morphology of liver, and the (B) alterations of blood GOT/GPT in (a) control, (b) CsA treatment, (c) TAA-induced, (d) CsA plus TAA
treatment rats. The regimens of CsA, TAA or CsA plus TAA treatment were as described in Materials and Methods. aP<0.05 between TAA and
TAA plus CsA treatments.
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Figure 2 Levels of (A) collagen staining, (B) collagen 1 RNA expression, and (C) collagen 3 RNA expression in rat liver after various
treatments. Immunocytochemistry of collagen (red) was stained by using Sirius red. Magnification = ×200. The expression levels of collagen
1 and 3 were measured by using semi-quantitative PCR.
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Figure 3 The RNA expression levels of (A) TGF1, (B) TGFR2 and (C) TGFR3 in rat liver after various treatments by using semi-quantitative
PCR. 1 represents the significant difference a P<0.05 between TAA and TAA plus CsA treatments.
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Figure 4 The levels of (A) semi-quantitative PCR for TGFR1 RNA expression, (B) Western blot for TGFR1 protein expression and (C)
immunostaining for TGFR1 in rat liver after various treatments. a P<0.05 between TAA and TAA plus CsA treatments. Blue arrows indicate the
positive staining and methyl green (green) for cell nuclear stained. Magnification = ×200.

Fibroblast growth factor receptor (FGFR2, 4)
RT-PCR, Western blot and immunostaining of FGFR2
analysis showed that the FGFR2 was not significantly
different among treatments (Figures 5A, B). The aggregations
of FGFR2 in liver, caused by TAA or CsA treatment, are
reduced when treated with CsA plus TAA (Figure 5C). CsA
or TAA treatment increased the FGFR4 in the RNA and

protein levels, but this trend was reduced in the CsA plus
TAA group (Figures 6A, B). Interestingly, the FGFR4
expression of liver was scattered in the CsA plus TAA
treatment after immunostaining (Figure 6C). The RNA level
of P-gp ATP binding cassette (ABC) transporter in CsA
plus TAA-treated liver is higher than that of the TAA or
CsA group (Figure 7).
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Figure 5 Levels of (A) semi-quantitative PCR for FGF receptor R2 RNA expression, (B) Western blot for FGF receptor R2 protein expression
and (C) immunostaining for FGF receptor R2 in rat liver after various treatments. Blue arrows indicate the positive staining and methyl green
(green) for cell nuclear stained. Magnification = ×200.

DISCUSSION
After CsA plus TAA treatment, the blood GOT/GPT of
the liver function index is shown to have improved
significantly, and the collagen of liver is scattered after being
stained with Sirius red. In the present study, the fact that
TAA caused the increment of blood GOT/GPT, agrees
with previous studies in TAA administration[28-32] and in CsA
treatment[33]. The collagen I level in liver of rat is reduced
after the CsA plus TAA treatment in this study. CsA can
alleviate the collagen formation in liver of TAA-induced
rat. Collagens are the major components of liver ECM[34].
In the normal liver, interstitial collagen I and III are present
in approximately equal quantities, constituting about 80%
of the total[35] and are mainly located within the portal
areas[34,36]. In a normal liver, HSCs are non-parenchymal,
quiescent cells whose main function is to store vitamin A.
When liver injury associated with the activation of HSCs,
undergoes an activation process in which they lose vitamin
A, they become highly, proliferative and synthesize a fibrotic
matrix rich in type I collagen, exhibiting features of
myofibroblasts. HSCs are the key matrix-producing cells
of a normal or fibrotic liver and are intimately regulated by

TGF-1[37]. HSC produces and secretes TGF-, and responds
to this cytokine with an increased production of type I
collagen, the predominant ECM protein in liver fibrosis[38,39].
In chronic injury, stellate cell activation and the consequent
secretion of the matrix by activated stellate cells result in
liver fibrosis and ultimately cirrhosis.
TGF-1 is a cytokine that plays a pivotal role in liver
fibrosis by regulating the matrix synthesis and deposition[40].
The hepatic expression of TGF-1 in liver fibrosis is
markedly increased in animal models, and in human patients
with chronic liver disease[9,40-47]. Recent investigations have
shown that TGF- is one of the most powerful profibrogenic
mediators playing a major role in the development of liver
cirrhosis[48]. Although TGF- is also an important negative
regulator of proliferation and an inducer of hepatocyte
apoptosis, TGF- up regulates the expression of collagens
I, II and IV, fibronectin and laminin in HSCs, and accelerates
the transformation of quiescent HSCs into myofibroblasts.
In addition to accelerating activation and stimulating
matrix synthesis, TGF- down regulates the degradation
of ECM proteins by matrix metalloproteinases through the
up-regulation of tissue inhibitors of metalloproteinases in
activated HSCs. TGF-1 is considered to be the most potent

Fan S et al. Cyclosporine an alleviates thioacetamide-induced liver injury

A

B

FGFR4

FGFR4
Actin
Ratio of treatment/control

Ratio of treatment/control

Actin

4
3
2
a

1
0

Control

C

1417

CsA

CsA+TAA

TAA

9
6
3
0

Control

a: Control

b: CsA

c: TAA

d: CsA+TAA

CsA

TAA+CsA

TAA

Figure 6 Levels of (A) semi-quantitative PCR for FGF receptor R4 RNA expression, (B) Western blot for FGF receptor R4 protein expression
and (C) immunostaining for FGF receptor R4 in rat liver after various treatments. aP<0.05 between TAA and TAA plus CsA treatments. Blue
arrows indicate the positive staining and methyl green (green) for cell nuclear stained. Magnification ×200.
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Figure 7 Levels of semi-quantitative PCR for P-gp RNA expression
in rat liver after various treatments. aP<0.05 between TAA and TAA
plus CsA treatments.

profibrogenic cytokine in liver fibrosis through activation
of HSCs that apparently includes the stimulation of an
increase in cell numbers, migratory behavior, and the
deposition of ECM components both in vitro and in vivo[49-52].
The function of this cytokine is dependent on the interaction

with TGF surface receptor types 1, 2 and 3 (TGF-Rs 1-3).
TGF-R3 is proposed to be involved in regulating the access
of ligands to TGF-Rs 1 and 2. The activation of TGF-R2
leads to the phosphorylation of TGF-R1, which, in turn,
phosphorylates Smad proteins that transduce the signal to
the nucleus[53-57]. TGF- is reduced in the CsA plus TAA
group, while TGF-R1 is increased. This implies that CsA
might alleviate the collagen formation via the downregulation of TGF- and the up-regulation of TGF-R1.
In CCl4-induced liver regeneration, the up-regulation of
both TGF-1 and TGF-Rs 1 to 3 may ensure that cycling
hepatocytes stop proliferation, thereby preventing overshoots
in liver growth[58]. The levels of TGF-R1 and TGF-R2
mRNA expression changes occurred in the hepatocytes of
rat livers injured by CCl4 administration, while TGF-R3
mRNA decreased only in non-parenchymal cells[59].
In this study, CsA possesses the stimulatory effects on
the RNA level of P-gp in TAA-treated liver. The ABC
superfamily of membrane transporters is one of the largest
protein classes known, and counts numerous proteins
involved in the trafficking of biological molecules across
cell membranes. The first known human ABC transporter
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was P-gp, which confers multidrug resistance (MDR) to
anticancer drugs (reviewed in Ref. [60]). Previous studies
showed that the immunosuppressive agent CsA modulates
the MDR protein P-gp and exerts a hepatotrophic influence
in the regenerating liver[61-63]. CsA has an additive effect on
the expression of P-gp during liver regeneration in the rat.
The induction of P-gp might be considered in patients
receiving CsA after liver transplantation for hepatocellular
carcinoma and chemotherapy as an adjuvant treatment for
the prevention of tumor recurrence[64]. Following acute CCl4
exposure, FGFR4 acts promoting processes that restore
hepatolobular architecture rather than cellularity, while
limiting the damage due to prolonged CYP2E1 activity. In
the present study, the CsA or TAA treatment increased
FGFR4 in RNA and in the protein levels, but this trend
was decreased in the CsA plus TAA group. A dual role for
hepatocyte FGFR4 occurs as a consequence of toxic insult,
in limiting the product-induced damage during biochemical
detoxification and by the reconstitution of normal
architecture. The modulation of hepatocyte FGFR4 signaling
may be a useful target for the therapeutic mediation of
toxin-induced liver injury and fibrosis, while the FGFR4deficient mice is a useful model for the study of both highlevel acute and low-level chronic liver insult, including
cirrhosis. These results suggest that the up-regulation of
hepatic regeneration with CsA pre-treatment might be
attributed in part to changes in the production of these
mitogenic and mitoinhibitory cytokines. Furthermore, CsA
stimulates rat liver cell proliferation in vivo without inducing
liver cell necrosis. This effect may contribute to accelerate
the development of hepatocellular carcinomas in rats fed a
CsA diet. As previously obser ved with BR 931, a
hypolipidemic peroxisome proliferator, stimulation of liver
cell growth by CsA does not entail changes in the production
of HGF, TGF or TGF1 [63] .
In conclusion, immunosuppressive molecules such as
CsA, when co-administrated with TAA-treated liver, inhibited
TGF- activation by a mechanism that may involve down
regulation of transglutaminase and collagen expression. The
augmentation of the MDR protein P-gp by CsA-induced
could protect TAA injury in rat liver. CsA indeed alleviates
the damage caused by TAA in the rat liver, and this might
be because of the mediating expressions of the growth
factor and its receptor.
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Abstract
AIM: Standard immunosuppression after organ transplantation stimulates tumor growth. Sirolimus has a strong
antiproliferative and a tumor inhibiting effect. The purpose
is to assess the effect on tumor growth of the immunosuppressive compounds sirolimus and tacrolimus alone
and in combination on cells of human hepatocellular
carcinoma.
METHODS: We used the human cell lines SK-Hep 1 and
Hep 3B derived from hepatocellular carcinoma. Proliferation
analyses after treatment with sirolimus, tacrolimus, or
the combination of both were performed. FACS analyses
were done to reveal cell cycle changes and apoptotic cell
death. The expression of apoptosis-related proteins was
estimated by Western blots.
RESULTS: Sirolimus alone or combined with tacrolimus
inhibited the growth of both cell lines after 5 d by up to
35% in SK-Hep 1 cells, and by up to 68% in Hep 3B cells
at 25 ng/mL. Tacrolimus alone stimulated the growth by
12% after 5 ng/mL and by 25% after 25 ng/mL in Hep 3B
cells. We found an increase of apoptotic Hep 3B cells
from 6 to 16%, and a G1-arrest in SK-Hep 1 cells with an
increase of cells from 61 to 82%, when sirolimus and
tacrolimus were combined. Bcl-2 was down-regulated in
Hep 3B, but not in SK-Hep 1 cells after combined treatment.
CONCLUSION: Sirolimus appears to inhibit the growth
of hepatocellular carcinoma cells alone and in combination
with tacrolimus. Sirolimus seems to inhibit the growth
stimulation of tacrolimus.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The five-year survival rate of patients suffering from
hepatocellular carcinoma (HCC) stands at about 50-75%
considering all available treatment modalities[1]. In addition
to the tumor burden, patients who are considered as
candidates for liver transplantation (LTX) usually suffer
from progressive disease and advanced cirrhosis. In such
cases, LTX can successfully treat both the tumor and the
cirrhosis. LTX for hepatocellular carcinoma is the best
treatment option when the tumor stage is limited. Multifocal
growth, large tumors of more than 5 cm of diameter, high
grading, and angioinvasion are factors which indicate a poor
prognosis. The exact extent of the disease often becomes
evident only after LTX through the pathological examination.
When the result shows the presence of an advanced stage
of the disease, a recurrence rate of up to 70% can be expected.
No promising therapy is available for those patients, resulting
in 100% fatality rate within months. New approaches to
prevent tumor recurrence are of high interest for these
patients.
Sirolimus, an immunosuppressive compound, has been
successfully used for immunosuppression in kidney[2,3] and
liver[4] transplant recipients. It has been successfully combined
with other compounds such as cyclosporin[5] and tacrolimus[6].
In spite of the same receptor of sirolimus and tacrolimus,
namely the FKBP-12, no clinically apparent competitive
inhibition can be revealed. Thus, a combination of sirolimus
and tacrolimus has achieved sufficient immunosuppression[7,8].
The sirolimus-FKBP-12 complex acts differently from those
including calcineurin inhibitors. This complex binds to a
specific cell cycle regulatory protein, the mammalian target
of rapamycin (mTOR), and inhibits its action. This inhibition
causes growth inhibition of tumor cells which is achieved
by different mechanisms[9]. Briefly, the inhibition of mTOR
inhibits the G1 to S phase transition in the cell cycle. It also
inhibits the translation of an mRNA family, which encodes
essential cell cycle regulatory proteins. Further mechanisms
are an inhibition of the IL-2 induced transcription of the
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proliferating cell nuclear antigen (PCNA), which is essential
for DNA replication, and inhibition of the kinase activity
of cdk4/cyclin D and cdk2/cyclin E complexes, causing
decreased synthesis of the cell cycle proteins cdc2 and Cyclin
A for cell cycle progression[10]. The inhibition of the kinase
activity is caused by the prolonged half-life of the tumor
suppressor protein p27KIP1, which is overexpressed in this
situation, causing cell cycle inhibition in the G1-Phase[11] .
Sirolimus also reduces intimal proliferation following vascular
injury in pigs[12]. A strong antiangiogenic effect by a decrease
in production of the vascular endothelial growth factor
(VEGF) was observed in experiments using colon cancer
cells[13]. The growth of different cancer types could be
inhibited by sirolimus, namely rhabdomyosarcoma cells[14],
osteosarcoma cells[15], hepatoma cells[16,17], lung cancer cells[18],
B lymphoma cells [19], and renal cancer metastases [20].
Conversely, the calcineurin inhibitors tacrolimus and
cyclosporine promote cell cycle progression by a cellautonomous mechanism[21] such as an increase in cdk4 kinase
activity[22] . The purpose of our study was to examine the
effect on tumor cell proliferation of hepatoma cells after
treatment with sirolimus and tacrolimus alone or in
combination of both, since this combination is regularly
used in the clinic. We present an in vitro study that shows
growth inhibition after incubation with sirolimus alone or in
combination with tacrolimus in human hepatocellular
carcinoma cells. We also show some of the possible mechanisms
of growth inhibition.

MATERIALS AND METHODS
Cell lines and tissue culture
Two cell lines derived from human hepatocellular carcinoma
were purchased from the American Type Tissue Collection
(ATCC) harboring wild-type p53 (SK-Hep 1) or mutated
p53 (Hep 3B). The cells were grown in Modified Eagle
Medium (MEM) supplemented with 10% fetal calf serum,
antibiotics, antimycotics, sodium pyruvate, non-essential
aminoacids, and glutamine.
Drugs
Sirolimus and tacrolimus were generously provided by
Wyeth-Pharma GmbH Münster, Germany and Fujisawa
Healthcare, Inc., Munich, Germany respectively. Both were
pure drugs, which were dissolved in absolute alcohol. The
final concentrations were achieved by diluting the stock
solution in culture medium.
Proliferation assays
Cells were set up from a 70-80% confluent T-flask in 24well plates in MEM medium as described above at a density
of 1 000 cells/well. Three wells per treatment group were
used. Two days later, cells were incubated in serum-free
medium with different concentrations of sirolimus and
tacrolimus alone and also combined with each other. Serumfree medium was used to avoid interactions of proteins
with sirolimus or tacrolimus. Doses were 5 or 25 ng/mL
for each group. Additional groups treated with PBS or
absolute alcohol at the same concentrations served as control
groups. The medium was replaced by fresh medium
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containing 10% serum 24 h after treatment. Cell counts
were done on day five after incubation with the drugs.
Average cell numbers were calculated from three counts
per treatment group.
Western blot analysis
A standardized protocol to measure the quantities of cell
proteins was used[23]. Briefly, cells were set-up and treated
in 5-cm dishes at the same doses as done for the proliferation
assays. After 2 d, cell lysates were harvested and the analysis
was performed. The detection of different protein expression
patterns was performed using Western blot analysis. The
antibodies used were p53 (p53 Ab-3, NeoMarkers) with a
1:500 dilution, p21WAF1 (Ab-1, Oncogene Research Products
Calbiochem) with a dilution of 1:300, bcl-2 (PharMingen)
with a dilution of 1:200, and -actin (monoclonal anti--actin,
Sigma-Aldrich) with a dilution of 1:700. As a secondary antibody
we used the HRP-conjugated antibody (ImmunoPure,
anti-goat, mouse IgG, Pierce) with a dilution of 1:5.000.
The loading quantity of the proteins was 50 µg/well for
p53, 100 µg/well for p21 WAF1, 100 µg/well for bcl-2, and
15 µg/well for -actin detection. Western Blot analyses for
these protein expressions were repeated at least thrics.
FACS analysis
To examine the presence or absence of apoptotic cell death,
FACS analyses were performed. Furthermore, a possible
G1-arrest after treatment with sirolimus alone or in combination
with tacrolimus should be proved. Cells were seeded in
100-mm diameter dishes at 1×106 cells per dish and incubated
with sirolimus, tacrolimus, or the combination of both at
25 ng/mL each compound. After one day of incubation,
cells were trypsinized, washed in PBS, and fixed in 70%
ice-cold ethanol for 60 min and stored at 4 ℃ until used.
The procedure for FACS analysis was performed according
to a protocol described previously[24]. Briefly, fixed cells were
incubated with 1 mg/mL of RNase (Sigma Chemical Co.,
Deidenhofen, Germany) for 15 min at room temperature.
Thereafter, 0.5 mL PI solution (Sigma; 100 ng/mL PBS)
was added for 15 min at room temperature in the dark.
Cells were washed once in PBS and kept at 4 ℃ in the dark
until measurement. We analyzed 10 000 cells using a FACS
scan flow cytometer (Becton-Dickinson). These experiments
were repeated twice.
Statistical analyses
A one-way ANOVA was used for statistical analyses for
proliferation assays.

RESULTS
Sirolimus inhibits growth of hepatocellular carcinoma cells
Growth inhibition after treatment with sirolimus was dosedependent in both cell lines after five days (Figure 1). When
treated with 5 or 25 ng/mL sirolimus alone, we found an
inhibition of 20-30% in SK-Hep 1 cells (P = 0.0105), and a
growth inhibition of 55-65% in Hep 3B cells (P<0.0001).
Conversely, an increased cell proliferation was observed in
the tacrolimus-treated group to up to 46% in SK-Hep 1 cells
(P = 0.0156) and 15% in Hep 3B cells (P = 0.0654)
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G1-arrest and induction of apoptosis
To understand more about mechanisms of growth inhibition,
cell cycle analyses were performed as shown in Figure 2
and Table 1. In Hep 3B cells, we found only a slight increase
of cells in the G1-phase from 69 to 73% after treatment
with sirolimus alone when compared to control non-treated
cells. After treatment with tacrolimus alone, the amount of
cells in the G1-phase decreased slightly from 69 to 65%,
but increased in the S-phase from 10 to 17% indicating an
increased DNA synthesis. As sirolimus and tacrolimus were
combined at a dose of 25 ng/mL each, an increase of
apoptotic cells from 6 to 16% was observed as compared
to control non-treated cells. A decrease of cells in G2/M

compared to non-treated control cells. The combination of
sirolimus and tacrolimus showed a similar degree of cell
growth inhibition as the groups treated with sirolimus alone.
In Hep 3B cells, we found a highly significant inhibition of
cells as compared to control cells of 55-61% when treated
with 5 and 25 ng/mg (P = 0.0002). The growth inhibition
in the combination group of both compounds was 18%
and did not reach statistical significance in SK-Hep 1 cells.
When the level of growth inhibition of the combination
treatment with sirolimus and tacrolimus was compared to
the tacrolimus alone group, there was a significant difference
of the cell numbers in Hep 3B cells (P<0.0001) and SK-Hep 1
cells (P = 0.0005).
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Figure 1 Proliferation assays showing cell numbers from mean counts of three experiments. Cells were treated as described in Materials
and Methods with sirolimus, tacrolimus, or the combination of both. Sir = sirolimus; Tac = tacrolimus. Data are expressed as mean±SE. (A: SKHep 1: a P = 0.0105; bP = 0.0156; cP = 0.254; dP<0.0001; B: Hep 3B: eP<0.0001; fP = 0.0654; gP = 0.0002; h P<0.0001).
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Figure 2 Cell-cycle analysis of both cell lines after treatment for 24 h with sirolimus, tacrolimus, or the combination of both at a dose of
25 ng/mL each compound. M1 = Sub-G1 region, indicating cells with small DNA fragments, a typical feature of apoptosis; M2 = G1-Phase;
M3 = S-Phase; M4 = G2/M-Phase. The different cell cycle phases (M1-M4) were set in a reference analysis and kept constant throughout the
measurements.
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phase from 14 to 9% suggests an inhibition of mitosis in
this treatment group. In contrast to Hep 3B cells, we found
more changes of cells in the G1-phase in SK-Hep 1 cells
with an increase from 61 to 69% after sirolimus alone.
Tacrolimus resulted in a decrease of cells in the G1-phase
from 61 to 54%. The combination of sirolimus and tacrolimus
at a dose of 25 ng/mL resulted in a G1-arrest with an
increase of cells from 61 to 82%. No induction of apoptosis
was observed after treatment with sirolimus alone or in
combination with tacrolimus in SK-Hep 1 cells.

Table 1 Relative cell numbers in different cell-cycle phases after
treatment with sirolimus, tacrolimus and the combination of both.
The doses used in these experiments were 25 ng/mL for each
compound. Results of one representative experiment are shown
Cell cycle
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Figure 3 Western blot analysis of p53 and bcl-2. SK-Hep 1 cells
express wild-type p53. Hep 3B cells harbor a deletion of the p53
gene and express no p53 protein. Expression levels were analyzed
by densitometry referring to levels of actin. Relative values to controls are shown.

Expression of apoptosis-related proteins
In Figure 3, Western blot analysis of apoptosis-related
proteins are shown to explain the induction of apoptosis in
Hep 3B cells. SK-Hep 1 cells express a wild-type p53 gene.
Since changes of p53 protein expression can be responsible
for a p53-dependent induction of apoptosis, we measured
the expression levels after treatment with sirolimus and
tacrolimus alone or in combination with each other. There
was no change of the expression levels of the p53 protein
in all treatment groups. Bcl-2, a strong antiapoptotic gene,
also showed no change in the expression levels in all treatment
groups in SK-Hep 1 cells. Hep 3B cells expressed a deletion
of the p53 gene. The expression of the bcl-2 protein in
Hep 3B cells did not change after treatment with sirolimus
or tacrolimus alone. When sirolimus and tacrolimus were
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combined, we found a decrease of the bcl-2 protein expression
by 55% in Hep 3B cells as measured by densitometry.

DISCUSSION
We hereby show that sirolimus is able to inhibit cell growth
of human hepatocellular carcinoma in vitro by 50% in a
concentration of 5 ng/mL. This low concentration may
correspond to clinical serum levels considering a daily dose
of 5 mg per patient. A dose-dependent growth inhibition
was observed when cells were treated with doses ranging
from 1 to 100 ng/mL. Control groups using absolute alcohol
as the solvent at the same doses were not inhibited in
growth. As shown previously, sirolimus is able to inhibit
cell growth of different tumor cells [13,14]. However,
tacrolimus has been shown to promote cell growth[21] through
induction of cell cycle proteins such as cdk-4[22]. For patient
treatment after organ transplantation, a combination of
sirolimus and tacrolimus has been shown to be effective
for immunosuppression. No episodes of organ rejection
were observed[25]. Our experiments show that the combination
of sirolimus and tacrolimus inhibits growth of hepatocellular
carcinoma cells to a similar degree as sirolimus alone, while
growth was stimulated after tacrolimus alone. In SK-Hep 1
cells, the combination of sirolimus and tacrolimus inhibited
growth to 18% compared to control cells, which was not
statistically significant. However, in this cell line, there was
a large increase in cell numbers after treatment with
tacrolimus alone (P = 0.0156). The cell numbers of
combination treatment compared to treatment with
tacrolimus alone were significantly lower in SK-Hep 1 cells
(P = 0.0005). In Hep 3B, we found a significant decrease in
cell numbers in the combination treatment group compared
to control (P = 0.0002) and to the tacrolimus alone group
(P<0.0001). Thus, sirolimus inhibits the growth of HCC
cells alone and in combination with tacrolimus. In SK-Hep
1 cells, which are strongly stimulated in growth by tacrolimus,
sirolimus inhibits this proliferation significantly (P = 0.0005).
According to these results, a combination of sirolimus and
tacrolimus may prevent recurrence of HCC after LTX as
much as treatment with sirolimus alone. The mechanisms
of the observed G1-arrest in SK-Hep 1 and apoptosis in
Hep 3B cells in the groups with combined treatment with
sirolimus and tacrolimus are still not completely understood.
Induction of apoptosis was observed in rhabdomyosarcoma
cells[14] and B lymphoma cells [19] after incubation with
sirolimus. We found a down-regulation of bcl-2 in Hep 3B
cells as a possible mechanism of apoptosis. Since Hep 3B
cells are deleted for the p53 gene, the induction of apoptosis
appears to be p53-independent.
Cell cycle arrest after treatment with sirolimus has been
described before[11] . The mechanisms of an arrest in the
G1-phase after the combined treatment with tacrolimus and
sirolimus compared to sirolimus alone are not clear. The
observed cell cycle arrest in SK-Hep 1 cells in our system
may be p53-independent, because no change in the expression
level of p53 was observed. In a different cell system, the
observed induction of apoptosis in rhabdomyosarcoma cells
was p53-independent[14]. Also the G1 arrest, which is induced
by both p53 and sirolimus appears to act through a different
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mechanism[26]. Another group showed that p53 and sirolimus
cooperate in the induction of G1 arrest [27]. Besides a
decreased cell number in the G1-phase in Hep 3B cells
after treatment with tacrolimus alone, an increase of cells
in the S-Phase was observed, indicating cell proliferation.
On the other hand, sirolimus caused a reduction of cells in
the G2/M phase in SK-Hep 1 and Hep 3B cells, which
corresponds to a reduced number of cells in mitosis with
the subsequent reduced proliferation rate.
The growth inhibition of cells from hepatocellular
carcinoma and their mechanisms in the present study are
phenomena observed in vitro. Other mechanisms such as
an antiangiogenic effect, which has been described in colon
cancer[13], could occur, which may increase the anti-tumor
effect in vivo. The combination of sirolimus and tacrolimus
resulted in a greater inhibition of intimal thickening in rat
carotid arteries than sirolimus alone or the combination of
sirolimus and cyclosporin[28] . At low doses of tacrolimus,
the growth inhibition of mesangial cell proliferation in kidneys
observed after treatment with sirolimus could not be
reversed. However, when cells were treated with higher doses
of tacrolimus, such as 1 000 µmol/L, the cell inhibiting effect
of sirolimus could be partially antagonized[29]. Lymphocyte
proliferation and IL-2 expression could be inhibited by
sirolimus when combined with tacrolimus or cyclosporine.
TGF-beta was induced in this combination. These results
show that combination treatments of sirolimus and calcineurin
inhibitors can be used for immunosuppression[30] . These
studies demonstrate that the above-mentioned combinations
of sirolimus and calcineurin inhibitors may be used for
immunosuppression after organ transplantation, regardless
of the transplanted organ or the disease which led to
transplantation. The antiproliferative effect of sirolimus is
a general phenomenon affecting both normal and tumor
cells. A sirolimus-based immunosuppressive regimen in
patients after liver transplantation due to HCC showed a
beneficial effect on tumor recurrence and survival with an
acceptable rate of rejection and toxicity[31].
In conclusion, our data show that the two major
mechanisms of sirolimus, namely immunosuppression and
tumor inhibition, make this compound highly interesting
for clinical application in patients who received a liver
transplant for HCC. In the case of recurrence, no cure
could be achieved so far. Thus, prevention of cancer
recurrence is essential in the treatment of those patients.
As we have shown, the combination of sirolimus and
tacrolimus had a similar effect on cell growth inhibition as
sirolimus alone in vitro. In the clinical situation, it has to be
verified whether the recurrence rate of HCC correlates to
the use of different immunosuppressive compounds, namely
sirolimus and tacrolimus. In a long-term situation after liver
transplantation, immunosuppression in these patients would
be a sirolimus monotherapy or a combination of sirolimus
and tacrolimus at low doses.
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Abstract
AIM: In the present study, the characteristics of PEI-RFA
treatment were further elucidated by analyzing the
relationship between the volume of coagulated necrosis
and the energy requirement for ablation or the amount
of ethanol injected into HCC.
METHODS: The volume of coagulated necrosis, total
energy requirement and energy requirement for
coagulation of per unit volume were examined in the
groups of PEI-RFA and RFA alone using the Cool-tip RF
system.
RESULTS: The results showed that the volume of
coagulated necrosis induced was significantly larger in
PEI-RFA group than in routine RFA group, when the total
energy administered was comparable in both groups.
In PEI-RFA, enlargement of coagulated necrosis was
admitted in 3 dimensions and the amount of energy
requirement per unit volume of coagulated necrosis was
negatively correlated with the amount of ethanol injected
into HCC.
CONCLUSION: These results suggest that, compared
to RFA alone, PEI-RFA enables to induce comparable
coagulated necrosis with smaller energy requirement, and
that PEI-RFA is likely to be less invasive than RFA alone
irrespective of inducing enhanced coagulated necrosis.
Thus, simple prior injection of ethanol may make RFA
treatment more effective and less invasive for the
treatment of patients with HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most serious
problems worldwide. Although intensive efforts have been
made for the treatment of HCC, the mortality of patients
with HCC is still high. Tumor ablation technologies such as
microwave, laser and radio frequency have been shown to
be reliable and effective for inducing thermally-mediated
coagulation necrosis for primary HCC[1-4] and metastatic
liver cancer[5,6]. Percutaneous ethanol injection (PEI) therapy,
more frequently performed in the past, is considered to be
effective for the treatment of patients with relatively smallsized encapsulated HCC below 3 cm in the longest diameter.
Recently, it has become possible to obtain larger areas of
coagulated necrosis by the innovation of radiofrequency
(RFA) technologies[7,8] . Much effort has been applied to
enhance the therapeutic effects of RFA by the combination
of RFA with other modalities. For example, combined use
of transcatheter arterial chemoembolization[9-13] or saline
injection[14-17] with RFA therapy was shown to be effective
to enhance the coagulated necrosis. We also developed a
novel combination therapy of PEI and RFA (PEI-RFA)
and reported that this combination therapy could induce
wider coagulated necrosis without much efforts and adverse
effects. Furthermore, this therapy can be applied to the
tumors that are difficult to treat with RFA alone [18,19].
Furthermore, this enhancing effect for inducing the
coagulated necrosis has been experimentally confirmed
using bovine liver [20]. Recently, we have reported that
percutaneous ethanol and lipiodol injection therapy
(PELIT), considered to be a milder therapy than RFA, was
important as a supportive treatment modality for HCCs
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especially for those lacking the vascularity or for patients
with severely impaired hepatic reserve and useful for the
treatment of HCCs that were difficult to treat with RFA
alone[21] . After developing PEI-RFA treatment, we have
experienced so far some cases that were satisfactorily
treated by use of relatively low-power output control.
Thus, in the present study, PEI-RFA treatment was
further characterized from the standpoint of the energy
requirement for total and unit volume ablation as well as
of the amount of ethanol injected, using the RF system
with cool-tip type electrodes.

MATERIALS AND METHODS
Patients
PEI-RFA was performed against 75 cases (53 males and
22 females; mean age of 69 years) with biopsy-proven HCC.
The patients were also diagnosed as having HCC by helical
dynamic computed tomography (CT). Among the total
subjects, RFA alone was done in 15 patients and PEI-RFA
was in 60. The characteristics of the subjects are shown in
Table 1. All of these studies were conducted with informed
consent at the time of the enrollment for this study.
Table 1 Characteristics of patients enrolled in the present study
RFA alone
Total number of patient
Male/Female
Age (yr)
Mean
Range
Tumor size (cm)
Mean
Range
Injected ethanol (mL)
Mean
Range
Child-Pugh grade
A
B
C

PEI-RFA

15
10/5

60
45/15

63
47-74

69
44-86

2.5
1.5-3.5

3.0
1.0- 8.0

0
0-0

7.1
0-37

7
7
1

38
21
1

Equipments and RFA procedures
PEI-RFA was performed under the real-time ultrasonography
(US) guidance with a 3.5-MHz sector probe (Power Vision
5000; Toshiba Medical, Tokyo, Japan). RFA was performed
by Cool-tip RF System (RADIONICS, Burlington, USA)[22]
according to the method described in our previous
manuscripts[18,19]. Briefly, a 17-gauge RFA needle with an
electrode of 3 cm in length was first inserted into the tumor,
and then a 21-gauge PEI needle was inserted into the tumor
in the liver through the same hole of the attachment beside
the echo probe, and then pure ethanol was slowly injected
into the tumor till the whole area of tumor was filled with
the ethanol (Figure 1). Ethanol injection into the tumor was
ceased when resistance to the injection was felt. The volume
of injected ethanol was always kept below the double of
estimated tumor volume. The ablation was performed under
the impedance control and the power output was increased
stepwise and the ablation was terminated after the high
echoic shadow sufficiently covered the tumor margin.

Figure 1 Appearance of PEI-RFA treatment. A 17-gauge RFA needle
with 2 or 3 cm electrode was first inserted into the tumor through
the hole of the attachment beside the echo probe, and then 21-gauge
PEI needle was inserted through the same hole. RFA was performed
immediately after injecting the ethanol into the tumor. The ablation
was performed under the impedance control. The amount of ethanol injected into the tumors was always kept below the double of
the estimated tumor volume and the injection of ethanol was ceased
if resistance to the injection was felt.

Evaluation of therapeutic efficacy
The efficacy of the RFA was assessed by using helical
dynamic contrast-enhanced CT five to seven days after the
treatment. Tumor necrosis was considered to be complete
if no enhancing areas were observed based on images
obtained during early and late phases of dynamic contrastenhanced CT.
Evaluation of energy requirement for ablation
Energy requirement needed for ablation was calculated
as follows: energy (J) = Watt (W) × duration of ablation (s).
The length of coagulated necrosis of the lesion was measured
from the late phase of helical dynamic CT. Approximation
volume of whole coagulated necrosis area and energy
requirement for ablation per unit volume were calculated
as follows: whole coagulated volume (cm3) = 4/3 × r1(cm) ×
r2(cm) × r 3(cm); (r 1 = longest diameter/2; r 2 = shortest
diameter/2; r 3 = height/2) and energy requirement for
coagulation per unit volume (J/cm3 ) = energy/whole
coagulated necrosis.
Statistical analysis
Statistical analysis was performed using Macintosh software
StatView II (Version 5.0). Regression analysis was used to
calculate the correlation coefficients and P values. Statistical
significance was accepted when P<0.05.

RESULTS
Comparison of the volume of coagulated area, and energy
requirement and the energy requirement for total and unit
volume coagulation in the groups of PEI-RFA and RFA alone
Seventy-five patients were divided randomly into two groups.
One group (60 patients) received PEI-RFA, while the other
(15 patients) RFA alone. All of these patients underwent
RFA therapy by means of the Cool-tip RF system. No major
complications or adverse effects were observed in both
groups. The volume of coagulated necrosis areas, the total
amount of energy requirement and the energy requirement
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Table 2 Comparison of the volume of coagulated necrosis, total energy requirement and the energy requirement for inducing coagulation
of per unit volume in the groups of PEI-RFA and RFA alone
EtOH (mL)

V (cm3)

S (cm)

H (cm)

0±0

2.3±0.6

2.1±0.6

2.4±0.4

6.5±3.6

38 700±12 549

10 010±11 124

PEI-RFA

6.9±6.6

4.2±1.2

3.5±1.0

4.0±1.1

34.0±29.3

53 828±28 144

2 355±1 690

(n = 60)
P

<0.0001

<0.0001

<0.0001

0.0002

<0.0001

RFA alone

T-ENE (J)

T-ENE/V (J/cm3)

L (cm)

(n = 15)

0.73

<0.0001

Sixty patients with HCC were treated with PEI-RFA by Cool-tip RF System, while 15 patients were treated with RFA alone using the same system. After the treatment, the
longest and shortest diameters and the height of the coagulated necrosis were estimated by the contrast-enhanced CT scan. Each abbreviation in the table is expressing
as follows: EtOH, the amount of ethanol; L, longest diameter; S, shortest diameter; H, height; V, the volume of coagulated necrosis; T-ENE, total energy requirement; TENE/V, the energy requirement for inducing coagulation of per unit volume. The coagulated necrosis in PEI-RFA group was enlarged in 3 dimensions compared with the
group of RFA alone, although the total energy requirement was comparable between groups.

Table 3 Comparative study of coagulated necrosis in the groups classified according to the amount of ethanol injected in PEI-RFA

EtOH <6.9 mL

EtOH (mL)

L (cm)

S (cm)

H (cm)

V (cm3)

T-ENE (J)

T-ENE/V (J/cm3)

3.1±1.6

3.8±0.9

3.0±0.6

3.6±0.9

22.3±14.3

48 901±23 219

2 796±1 752

(n = 41)

(1)

EtOH >6.9 mL
(n = 19)

14.9±6.1

5.1±1.3

4.3±1.2

4.8±1.1

57.6±38.2
(2.6)

63 931±34 744

1 460±1 016

P

<0.0001

0.0002

<0.0001

0.0003

<0.0001

0.11

0.0014

The mean volume of ethanol injected in PEI-RFA was 6.9 mL. Therefore, 60 patients treated with PEI-RFA were divided into two groups according to the amount of ethanol
injected. One group (high EtOH group) consisted of 19 cases administered with 6.9 mL and more ethanol, and the other (low EtOH group) of 41 cases less than 6.9 mL
ethanol. Each abbreviation in the table is expressing as follows: EtOH, the amount of ethanol; L, longest diameter; S, shortest diameter; H, height; V, the volume of coagulated
necrosis; T-ENE, total energy requirement; T-ENE/V, the energy requirement for inducing coagulation of per unit volume. The volume of coagulated necrosis in the high
EtOH group was 2.6 times larger than that in the low EtOH group, although the total energy requirement was comparable between groups.

Table 4 Comparative study of coagulated necrosis in the groups classified according to the total energy requirement in PEI-RFA

T-ENE <53828J

EtOH (mL)

L (cm)

S (cm)

H (cm)

V (cm3)

5.8±5.8

3.6±0.8

3.2±0.8

3.6±1.0

24.6±17.3

(n = 32)

T-ENE (J)

T-ENE/V (J/cm3)

32 003±12 743

2 038±1 638

(1)

T-ENE >53828 J
(n = 28)

8.1±7.3

4.8±1.2

3.8±1.2

4.4±1.2

44.0±36.4
(1.8)

77 884±19 567

2 727±1 687

P

0.23

0.0002

0.04

0.0028

0.014

<0.0001

0.052

All cases treated with PEI-RFA were divided into two groups. One was high energy group and the other low energy group according to the mean amount of total energy
requirement (53828 Joule). Each abbreviation in the table is expressing as follows: EtOH, the amount of ethanol; L, longest diameter; S, shortest diameter; H, height; V, the
volume of coagulated necrosis; T-ENE, total energy requirement; T-ENE/V, the energy requirement for inducing coagulation of per unit volume. The amount of ethanol
injected was statistically comparable in both groups. The volume of coagulated necrosis in the high energy group was 1.8 times larger than that in the low energy group.
The degree of the enhancing effect was smaller compared with that in cases classified by the mean amount of injected ethanol as shown in Table 3. Furthermore, the energy
requirement for coagulation of per unit volume was comparable between groups.

for inducing coagulation of per unit volume in the groups
of PEI-RFA and RFA alone are shown in Table 2. The
longest and shortest diameters as well as the height of the
coagulated necrosis areas and the coagulated volume
evaluated by dynamic contrast-enhanced CT scan were
significantly larger in cases treated with PEI-RFA than in
those treated with RFA alone. By contrast, the total amount
of energy requirement was comparable between groups.
Thus, the energy requirement for coagulation of per unit
volume was significantly smaller in PEI-RFA group compared
to the group of RFA alone. The energy requirement for
coagulation of per unit volume in PEI-RFA was approximately
three-fourths of that in RFA alone.
Comparative study of the coagulated necrosis and the energy
requirement for coagulation of per unit volume between PEI-RFA
and RFA groups
As shown in Table 3, the mean volume of ethanol injected
in PEI-RFA group was 6.9 mL. Therefore, 60 patients

treated with PEI-RFA were divided into two groups
according to the amount of ethanol injected. One group
(high-EtOH group) consisted of 19 cases administered with
6.9 mL and more ethanol and the other (low-EtOH group)
of 41 cases less than 6.9 mL ethanol. Between these two
groups, the total energy requirement was also comparable
as shown in Table 1. However, the volume of coagulated
necrosis was significantly larger in the high-EtOH group
than in the low-EtOH group. The volume of coagulated
necrosis in the high-EtOH group was 2.6 times larger than
that in the low-EtOH group. Accordingly, the energy
requirement for coagulation per unit volume in the highEtOH group was significantly lower in the high-EtOH group
than in the low-EtOH group.
All cases treated with PEI-RFA were divided into
two groups. One was high-energy group and the other
low-energy group according to the mean amount of total
energy requirement (53 828 J). As shown in Table 4, in this
classification, the amount of ethanol injected was statistically
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comparable in both groups. The volume of coagulated
necrosis in the high-energy group was 1.8 times larger than
that in the low-energy group. The degree of the enhancing
effect was smaller compared to that in cases classified by
the mean amount of ethanol injected as shown in Table 2.
Furthermore, the energy requirement for coagulation of
per unit volume was comparable between groups.
Relationship between the amount of ethanol and the volume
of coagulated necrosis or the energy requirement for
coagulation of per unit volume
Relationship between the amount of ethanol injected and
the volume of coagulated necrosis or the energy requirement
for coagulation of per unit volume was analyzed in the
total subjects treated with PEI-RFA (60 cases). As shown in
Figure 2, the amount of ethanol injected into tumor
significantly and positively correlated with the volume of
coagulated necrosis with high correlation coefficient (r = 0.71,
P<0.0001). Then, the amount of ethanol injected negatively,
although weak, correlated with the energy requirement for
coagulation of per unit volume (r = -0.41, P = 0.014). These
results suggest that, according to the amount of ethanol
injected into tumor, larger coagulated necrosis can be
obtained and less amount of energy is required for
coagulation of per unit volume.

Representative cases with HCC treated with PEI-RFA
By analyzing the relationship between the energ y
requirement and the amount of ethanol injected in PEI-RFA,
two characteristic points have been turned out: (1) PEI-RFA
enables to induce wider coagulated necrosis by increasing
the amount of ethanol injected into tumor; (2) PEI-RFA is
able to obtain comparative therapeutic effects by means of
lower energy compared to RFA alone.
Four cases with HCC treated with PEI-RFA expressing
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total subjects treated with PEI-RFA (60 cases). As shown in
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P = 0.0013). However, this correlation coefficient was
smaller than that between the amount of ethanol injected
and the volume of coagulated necrosis. Moreover, the total
required energy and the energy requirement for coagulation
of per unit volume did not show significant correlation
(r = 0.35, P = 0.13).
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Figure 2 Relationship between the amount of ethanol injected and
the volume of coagulated necrosis or the energy requirement for inducing per unit volume of coagulated necrosis in PEI-RFA. PEI-RFA
was performed on 60 patients with HCC. The ablation was done by
using the Cool-tip RF system. The amount of ethanol injected into
tumors positively correlated with the volume of coagulated necrosis
(A: r = 0.71, P<0.0001) and it negatively correlated with the energy
requirement for inducing per unit volume of coagulated necrosis
(B: r = -0.41, 0.014).
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Figure 3 Relationship between the amount of total energy requirement and the volume of coagulated necrosis or the energy requirement for inducing per unit volume of coagulated necrosis in PEI-RFA.
PEI-RFA was performed on 60 patients with HCC. The ablation was
done by using the Cool-tip RF system. The amount of total energy
requirement positively correlated with the volume of coagulated necrosis (r = 0.47, P = 0.0013), whereas no significant correlation was
admitted between the total amount of energy requirement and the
energy requirement for inducing per unit volume of coagulated necrosis (r = 0.35, P = 0.13) in PEI-RFA.
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Figure 4 Two cases with large-sized HCC treated with PEI-RFA are shown. Contrast-enhanced CT before (A: delay phase, C: early vascular
phase) and after (B: delay phase, D: delay phase) PEI-RFA. Massive HCCs of 5 cm in the longest diameter were located in the right lobe of the
liver in both cases. In the first case (A and B), RFA was started at 30 W and the power output was increased stepwise to 100 W every two min
and the ablation was performed for 20 min. In the second case (C and D), because the tumor was located close by blood vessel such as inferior
vena cava, portal tract and aorta, it was likely to be difficult to treat with RFA under high power control. After injecting 19 mL of ethanol into
the tumor, one session of RFA was performed at 30 W for 12 min. The massive tumor was completely eliminated by PEI-RFA.
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Figure 5 Two cases with small-sized HCCs treated with PEI-RFA under low power output control are shown. Contrast-enhanced CT before (A,
C) and after (B, D) PEI-RFA. Small HCCs of 1.5 cm in the longest diameter were located in the S8 region of the liver in both cases. In both cases,
RFA was performed at 40 W for 5 min. Though the ablation was performed at relatively low power output for short duration, the coagulated
necrosis larger than 2.5 cm was induced after the treatment.

these characteristic points are shown in Figures 4, 5. The
large-sized HCCs (5 cm in diameter) of the first and second
cases were located in S7 (Figure 4A) and S1 regions
(Figure 4C) respectively. In the first case, RFA was
performed at 30-100 W for 10 min after injecting 10 mL

of ethanol homogeneously into the tumor. The RFA
electrode was reinserted into the tumor and the RFA was
performed for further 10 min. Contrast-enhanced CT after
the treatment showed the achievement of coagulated
necrosis of 8 cm in diameter and the ablated region covered
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the entire region of the tumor including the safety margin
(Figure 4B). In the second case, contrast-enhanced CT
showed the enhancement in the early vascular phase of
dynamic CT (Figure 4C). It was likely to be difficult to treat
with RFA under high power output, because the tumor was
surrounded by inferior vena cava, portal tract and aorta.
Therefore, PEI-RFA under a relatively low power output
after injecting high amount of ethanol was chosen as a
treatment modality. After injecting 19 mL of ethanol into
the tumor, one session of RFA was performed at 30 W for
12 min. Contrast-enhanced CT after the treatment showed
that the ablated region reached the most of the entire region
of the tumor in this case as well (Figure 4D).
The HCCs of the third and fourth cases are located in
S8 (Figure 5A) and S6 (Figure 5C) respectively and the size
of both HCCs was 1.5 cm in diameter. To obtain over 0.5 cm
of the safety margin area from the edge of the tumor, the
coagulated necrosis wider than 2.5 cm in diameter was
required for the ablation. In both cases, after injecting 2 mL
of ethanol into the tumors, RFA was performed at 40 W
for 5 min. Although RFA was performed under a relatively
low power output and for a short time period, dynamic
CT after PEI-RFA in both cases indicated the induction
of coagulated necrosis larger than 2.5 cm in diameter
(Figure 5B, D). In the third case, the energy requirement
for coagulation of per unit volume was an extremely low
level of 1244 (J/cm3), a half-value of the mean in PEI-RFA
group as shown in the Table 2.

DISCUSSION
RFA is a promising technique for local control of liver
malignancy such as primary hepatocellular carcinoma[4,23,24]
and metastatic liver cancers[25]. This technique has become
the main stream of the treatment of non-surgical treatment
modalities in clinical settings[3]. In contrast to its efficacy,
the region of coagulated necrosis induced by RFA is still
limited and tumors within 3 cm in diameter are thought to
be the good application sites of RFA therapy. Underestimated
complication was sometimes observed after RFA treatment.
To enhance the therapeutic effect of RFA, several treatment
modalities have been applied as additional treatments on
local treatment. It has been reported that combined use of
transcatheter arterial chemoembolization or saline injection
therapy with RFA enhanced the extent of induced
coagulation[11-14,17,26,27]. Recently, Pawlik et al have reported
that resection combined with RFA provides a surgical option
to a group of patients with unresectable liver metastases[28].
As one of the optional combination therapies, we have shown
that the injection of ethanol prior to RFA markedly increased
the induced coagulated necrosis in human[18,19] and bovine
livers[20]. In the present study, we further evaluated the
usefulness of PEI-RFA using the system equipped with a
cool-tip type electrode, instead of the system with an
expandable type electrode. Especially, the characteristics of
PEI-RFA were assessed from the standpoint of energy
requirement for inducing the coagulated necrosis and the
amount of ethanol injected. In our previous manuscript,
we have shown that the longest and the shortest diameters
as well as the height of the coagulated necrosis areas, and
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the coagulated volume evaluated by dynamic contrastenhanced CT scan were significantly larger in cases treated
with PEI-RFA than in those treated with RFA alone using
the system equipped with an expandable type of electrode
(RITA-500PA)[18] . Similar enhancing effects of ethanol
injection were observed in the present study using the Cool-tip
RF system. The volume of coagulated necrosis in PEI-RFA
was approximately four times larger than that in RFA alone
in the Cool-tip RF system. This degree of enhancement of
coagulated necrosis area was quite similar to that detected
in the system with the expandable type of electrode in our
previous manuscript[18]. These results suggest that injection
of ethanol prior to RFA therapy may equally enhance the
volume of coagulated necrosis in 3 dimensions to the same
extent regardless of types of RFA instruments.
More importantly and interestingly, it should be noted
that the volume and diameters of coagulated necrosis were
significantly larger in PEI-RFA than in RFA alone, although
the amount of total energy requirement was comparable
between groups. Thus, the energy requirement for
coagulation of per unit volume was significantly lower in
PEI-RFA than in RFA alone. The degree of enhancement
of coagulated necrosis was higher between the groups
classified according to the amount of injected ethanol than
between those classified according to the amount of total
energy requirement. The former was 2.6-times enhancement
and the latter was 1.8 times. Furthermore, the volume of
coagulated necrosis showed a stronger correlation with the
amount of ethanol injected than the total energy requirement
(r = 0.71 vs 0.47) respectively. While the amount of injected
ethanol, negatively correlated with the energy requirement
for coagulation of per unit volume, the total required energy
did not show negative correlation with the energ y
requirement for coagulation of per unit volume. Taken
together, these results clearly indicate that smaller energy is
required in PEI-RFA to induce comparable coagulated
necrosis to RFA alone, and the use of ethanol injection
prior to RFA is likely to alter the RFA therapy to a milder
one for the treatment of patients with HCC. These results
may be one of the explanations that PEI-RFA is able to
induce wider coagulated necrosis compared to RFA alone
under the same power output condition.
Although it is possible to say that RFA is less invasive
compared to surgical treatment, we have experienced some
patients whose liver function tests declined after RFA
treatment. Furthermore, RFA treatment has sometimes been
obliged to be ceased due to the pain complained by patients
during the treatment[29]. Therefore, it is very important to
develop less invasive treatments than those currently used.
It is needless to say that less invasive and more effective
treatment is desirable for local control of HCC in patients
treated with RFA.
When thinking of the medical treatment, it should be
important to take both efficacy and the adverse reactions
into consideration. In this regard, PEI-RFA is thought to be
a less invasive and more effective treatment modality for
local control of hepatic malignancies than RFA alone. PEIRFA is expected to contribute to the local treatment of patients
with hepatic malignancy from the standpoint of not only the
effectiveness but also the reduction of adverse events.
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100% at 3 years, which was significantly better than the
others who showed <85% tumor necrosis (57.1% at
3 years) or who did not have TAE (75% at 3 years).
CONCLUSION: TAE is an effective treatment for HCC
before LT. Excellent long-term survival was achieved in
patients that did not fit Milan criteria. Our results broadened
and redefined the selection policy for LT among patients
with HCC. Meticulous pre-LT TAE helps in further reducing
the rate of dropout from waiting lists and should be
considered for patients with advanced HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To determine the effectiveness of pre-liver transplant
(LT) transarterial embolization (TAE) in treating
hepatocellular carcinoma (HCC) and the patient categories,
which are likely to have a good outcome after LT.
METHODS: Twenty-nine patients with hepatitis-related
cirrhosis and unresectable HCC after LT were studied over
a 7-year period. The patients were divided into two
groups: group A patients (19/29) received pre-LT TAE,
whereas group B (10/29) underwent LT without prior TAE.
According to Milan criteria, group A patients were further
subdivided into: group A1 (12/19) who met the criteria,
and group A2 (7/19) who did not. Patient survivals were
compared.
RESULTS: In the explanted liver, CT images correlated
well with pathological specimens showing that TAE
induced massive tumor necrosis (>85%) in 63.1% of
patients in group A and all 7 patients in group A2 exhibited
tumor downgrading that met Milan criteria. The overall
5-year actuarial survival rate was 80.6%. The TAE group
had a better survival (84% at 5 years) than the non-TAE
(75% at 4 years). The 3-year survival of group A2 (83%)
was also higher than that of group A1 (79%). Tumor
necrosis >85% was associated with excellent survival of

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common form
of primary liver cancer worldwide and has been the leading
cause of cancer death in Taiwan in recent years. HCC caused
by the current epidemic of hepatitis B virus-related cirrhosis
claims the lives of 5 000 people each year in Taiwan. The
number of new cases is still steadily increasing [1]. For
patients with early disease, primary treatment is surgical
resection whenever possible. Unfortunately, in patients with
large and multiple tumors at the time of initial presentation,
surgery is not feasible and their overall survival is usually
less than 6 mo[2]. With the advance of surgical techniques
in the past few years, LT is now commonly accepted as the
optimal therapeutic measure because not only does it
remove the cancer, but it also treats the underlying disease
with eradication of the cirrhotic tissue that may progress to
dysplastic nodules or HCC in the future[3]. The current United
Network of Organ Sharing (UNOS) policy for organ
allocation among patients with HCCs favors those potential
recipients with limited number and diameter of tumor nodule
defined by Milan criteria: (A) solitary tumor <5 cm, or B)
three or less lesions, none of them >3 cm[4]. LT can therefore
be offered with a good chance of success to only a relatively
small proportion of patients, and there is a need for
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associated treatment regimens to improve the operation
rate and to diminish the incidence of recurrence after
transplantation.
Various non-surgical therapeutic options for advanced
HCC have been introduced, including TAE, percutaneous
ethanol injection, systemic chemotherapy, hormone therapy,
immunotherapy, and radiotherapy, among which TAE plays
the major role as a widely accepted treatment[5]. Transarterial
embolization (TAE) is a procedure involving the injection
of lipiodol and chemotherapeutic agent into the hepatic
artery, followed by embolization with absorbable gelatin
particles. It produces a selective ischemic and pharmacologic
injury to the tumor that relies mainly on the arterial
circulation. TAE was first introduced as a palliative treatment
for patients with inoperable disease and achieved good
results. In the past few years, the concept of blocking
collateral blood supply to the tumor through complete
embolization of liver tissue surrounding the tumor to achieve
curative treatment for hepatic malignancies has been
proposed. Moreover, the transarterial administration of a
mixture of lipiodol and ethanol to create dual hepatic arterial
and portal venous embolization to attain the effect of lobar
ablation has been documented[6]. More importantly, TAE
has also been applied to improve the resectability of primary
unresectable tumors[7] because it effectively decreases tumor
size, causes compensatory hepatic hypertrophy, and
improves ICGR15 that allows a wider range of patients to
undergo liver surgery with the achievement of a better
survival. Pre-transplant adjuvant treatments, therefore, plays
an important role in reducing the dropout rate of the waiting
list for LT. Hence, not only is TAE the treatment of choice
for unresectable HCC to induce tumor necrosis and to
control tumor progression, it may also be beneficial for
enlisted patients for LT while waiting for the suitable grafts.
The aim of this study is to evaluate the effect of pretransplantation TAE on patients with HCC.

MATERIALS AND METHODS
Patient selection
Patients with histologically proven HCC or a clinical and
radiological presentation strongly suggestive of HCC were
considered for the protocol. All were deemed unresectable,
either because of anatomic considerations or inadequacy
of hepatic reserve. The absence of metastatic tumor was
documented with computed tomography (CT) of the chest,
abdomen, and pelvis. Tumor invasion of the portal vein
was assessed with ultrasound, CT angiography and magnetic
resonance scans. Invasion to portal vein was an exclusion
criterion. If the patients fully fit the Milan criteria and liver
graft was available, then LT proceeded. Otherwise, the
patients were included into the TAE group. TAE was
performed in the absence of contraindications and poor
liver function in the Child’s class C. If the TAE was well
tolerated, it was repeated if necessary until a donor organ
became available.
Method of embolization
All patients received complete celiac and superior mesenteric
artery injection for the localization of hepatomas in the
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liver before embolization. The 4 F catheter was advanced
into the feeding artery as distally as possible. Throughout
this study, coaxial 3F catheter was used in all patients. By
using syringe pump (Razel Scientific Instruments Inc.,
Stamford, CT) which can control the injection rate ranging
from 0.1 to 1.2 mL/min, a mixture of iodized oil/ethanol
(99.5%) in the ratio of 2:1 was infused selectively into the
supplying artery at a flow rate of 0.5 to 1 mL/min until the
adjacent portal branches of the segmental or lobar liver
were demonstrated. The process was under remote manual
fluoroscopic guidance outside the angiographic room.
The results of embolization were evaluated by CT in all
patients 2 wk after the procedure. We classified the results
as complete if lipiodol occupied the whole tumor (100%),
above 85% as partial embolization, 85% or below as
incomplete embolization. All cases with partial or incomplete
embolization received second embolization 3 to 4 wk later
after liver function was resumed. Following radiological
restaging after TAE, the patients underwent liver
transplantation when a graft became available either from
a cadaveric or a living donor. The discovery of extrahepatic
tumor either during radiological staging or at laparotomy
precluded LT.
Histopathologic and radiologic studies
The explanted liver specimens were examined for features
of tumor disease, including the size, number of nodules,
presence of portal vein thrombosis and percentage of tumor
necrosis. The tumor size and number were also measured
on the pre-TAE/LT sonography and CT. The size and
number of the tumor on the explanted liver were taken as
the basis for staging to be compared with Milan criteria.
Downgrading was defined as the size and number of the
tumors in the explanted liver fully fit the criteria: A) solitary
tumor <5 cm or B) ≤3 lesions none of them>3 cm, but
the initial pretreatment images exceeded these criteria.
Post transplantation management and follow-up
Immunosuppressive therapy after LT consisted of a triple
drug regimen of tacrolimus, corticosteroids, and either
azathioprine or mycophenolate mofetil. Corticosteroids were
gradually tapered and were discontinued in 3 mo. All patients
were followed up weekly in the outpatient clinic in the first
few months after discharge. The frequency of the outpatient
clinic visits thereafter varied according to the patients’
conditions and types of complications. Screening for tumor
recurrence was assessed by the measurement of serum
alpha fetal protein (AFP) and abdominal sonography every
2-3 mo. CT scans of the abdomen and chest were performed
if HCC recurrence was suspected.
Statistical analysis
The biomedical statistical program Statistica 4.0 (Statsoft,
Tulsa, OK) was used for statistical analysis where appropriate.
The Kaplan-Meier method was used to calculate survival
and groups were compared with the log-rank test. P value
less than 0.05 was considered significant.

RESULTS
In the 8-year period from 1996 to 2003, 29 patients in our
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Table 1 Demographics of patients with hepatocellular carcinoma
for liver transplantation
TAE (group A, %)

No TAE (group B, %)

19 (66)

10 (34)

Age (yr) (mean±SD)

52.4±7.61

45.5±9.89

0.045

Follow-up time (d)

769±395

708±403

0.697

Time from diagnosis to

19.7±18.2

12.6±12.7

0.281

9 (90)/1 (10)

0.345

liver transplant
19 (100)/0 (0)

Hepatitis virus
Hepatitis B

0.787
14 (74)

7 (70)

Hepatitis C

4 (21)

3 (30)

Hepatitis B & C

1 (5)

0 (0)

12 (63)

8 (80)

Initial tumor size (cm)
< = 3 cm (number of patient)

0.597

>3, < = 5 cm

4 (21)

2 (20)

>5 cm

3 (16)

0 (0)

1 nodule

9 (47)

7 (70)

2 nodule

7 (37)

2 (20)

3 nodule

1 (5)

1 (10)

>3 nodule

2 (11)

0

Tumor number

0.481

TAE (number of courses)
1 (number of patient)

10 (53)

--

2

3 (16)

--

>2

6 (32)

--

Above Milan criteria before

71 (group A2)

Patient’s tumor and size and distribution (n = 29)
5
4
3
2
1
0

0 1 2 3 4 5 6 7 8 9 10 11 12
Tumor size (cm)
Figure 1 Staging of hepatocellular carcinoma before and after TAE.
Twenty-nine patients received embolization before liver transplantation.
Seven patients exceeding criteria (group A2) (outside the box) were
downgraded to acceptable limits (inside the box with arrow).

Patient survival and disease-free survival
After LT, all 29 patients were followed for 747.83±391.66 d
(mean±SD, range: 204-1920) in the outpatient clinic with
ultrasound, CT, and liver function tests. The overall 5-year
actuarial survival rate was 80.6% (Figure 2). The survival
rates were different between group A (i.e., TAE group) and
group B (i.e., non-TAE group) with the former showing a
better 5-year survival (84%) than the 4-year survival in the
latter (75%) (Figure 3). The 3-year survival of the 7 patients
who exceeded the Milan criteria pre-LT and were
downgraded by TAE (group A2) was 83% which is better than
the patients that met the criteria pre-LT (n = 22) (Figure 4).
In group A1, one patient suffered from lung metastasis 6 mo
after LT and died one year later. Microscopic tumor invasion
to the portal vein was also noted in the explanted liver of
that patient. The other mortality occurred 2.2 years after
LT in the downgraded group (group A2). However, the
mortality was due to primary lung cancer unrelated to
recurrent HCC. In the non-TAE group (group B), one
patient was lost due to the recurrence of hepatitis C.

--

Total survival time (n = 29)

All downgraded below Milan criteria after TAE.

Histopathologic and radiologic findings
The explanted liver of all 19 patients in group A with preLT TAE showed tumor necrosis. Significant tumor necrosis
from >85% to 100% was observed in 12 of the 19 patients
(63.1%) after TAE. In the other 7 cases, <85% of tumor
necrosis was found. The estimated median percentage of
tumor necrosis was well correlated with the post-TAE CT
finding and pathological specimen. Microscopic tumor

Cumulative survival

TAE or transplantation
1

Milan criteria
Above milan criteria
downgrade n = 7

P

Number of patient

Male/Female

invasion to the portal vein was found in 2 cases that were
underestimated by the pre-operative imaging studies.
Pathological evaluation of the explanted liver shows no
discrepancy between the clinical staging and pathological
finding. Downgrading of HCC was achieved in all 7 patients
in group A2 to meet the Milan criteria (Figure 1).

Tumor number

program underwent LT treatment for histologically
confirmed HCC associated with cirrhosis. There are 28
male and 1 female with age of 50.03±8.93 years (mean±SD,
range: 24-67). The nature of underlying liver cirrhosis was
hepatitis B in 21 (HBsAg positive), hepatitis C (determined
by HCV RNA testing) in 7, and combined hepatitis B
and C in 1.
In group A, 19 patients (19 males and 0 female, age:
52.4±7.61 years) with sufficient hepatic function underwent
TAE in the treatment of HCC before LT. Of these 19
patients, 12 met the Milan criteria (group A1) and 7
exceeded the criteria (group A2). In group B, 10 patients
(9 males and 1 female, age: 45.5±9.89 years) received LT
without prior TAE because of available liver graft. Of these
10 patients who met the criteria for transplant, 4 had
inadequate liver function for TAE. The mean waiting time
from diagnosis to LT was 19.7±18.2 mo in the TAE group
and 12.6±12.7 mo in the non-TAE group (Table 1 and
Figure 1).

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

(350 d: 0.960)
(815 d: 0.886)
(937 d: 0.806)

0

1

2 3
4
5
Survival time (yr)

6

Figure 2 The 5-year actuarial survival rate of patients with hepatocellular carcinoma after liver transplantation.
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TAE vs No TAE

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

TAE (n = 19)
(350 d: 0.944)
(815 d: 0.840)
No TAE (n = 10)
(937 d: 0.750)

0

1 2
3 4
5
Survival time (yr)

6

Cumulative survival

Figure 3 Patient and graft survival by Kaplan-Meier analysis shows
higher 4-year survival in hepatocellular carcinoma that received
pre-transplantation TAE (group A) compared to non-TAE (group B).
Log-rank: P = 0.95.

Survival time

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Above milan criteria
downgrade (n = 7)
(815 d: 0.833)
Below milan criteria
(n = 22)
(350 d: 0.944)
(937 d: 0.787)

0

1

2
3
4
5
Survival time (yr)

6

Cumulative survival

Figure 4 Patient and graft survival by Kaplan-Meier analysis shows
a higher 3-year survival in patients with hepatocellular carcinoma
previously above the Milan criteria and downgraded by TAE (group
A2) than the patients that originally met the criteria (group A1 +
group B). Log-rank: P = 0.81.

Survival time

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

>85% Necrosis
(n = 12)
(1 099 d: 1.0)
<85% Necrosis
(n = 7)
(350 d: 0.857)
(815 d: 0.571)

0

1

2
3 4
5
Survival time (yr)

6

Figure 5 Patient and graft survival by Kaplan-Meier analysis shows
a significantly higher 3-year survival in patients with hepatocellular
carcinoma with tumor necrosis >85% compared to those with tumor
necrosis <85% after TAE. Log-rank: P = 0.060.

Among the 12 patients, whose tumors had undergone
necrosis >85%, no recurrent tumor was found and their
disease-free survival (100% at 3 years) was significantly
better than the others who showed <85% tumor necrosis
(57.1% at 3 years) (Figure 5) or who did not have TAE
(75% at 3 years).
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DISCUSSION
Although the outcome of LT has proved encouraging in
the treatment of advanced HCC, the shortage of organs
dissuades the policy for organ allocation for malignant disease
in Taiwan. The number and size of tumors are considered
major factors associated with the risk of tumor recurrence
and survival[4]. For patients with liver tumor size and number
exceeding the Milan criteria for LT, TAE was beneficial in
controlling tumor growth, effectively decreasing tumor size,
and allowing a wider range of patients to undergo liver
surgery and achieve better survival. Downgrading or total
necrosis of the tumor induced by TAE was also associated
with improved disease-free survival after resection. In this
study, we investigated the influence of TAE on patients
undergoing LT for HCC associated with liver cirrhosis.
Although the overall 5-year survival in LT for HCC is 80.6%,
which is far behind the overall patients’ survival (after
undergoing LT in our program) of 95% at 5 years,
preoperative TAE followed by LT is associated with a better
outcome and may be a sensible therapeutic strategy for
selected patients with HCC. In our study, TAE before LT
appears to be most useful in patients who exceed selection
criteria of a single lesion smaller than 5 cm or three lesions
smaller than 3 cm. Response to TAE in the form of
downgrading or necrosis >85% of the tumor was observed
in 63% (12/19) of patients and associated with increased
disease-free survival. Response to TAE in these patients
has important clinical implications as patients with large
tumors are generally considered poor candidates for LT,
especially when presenting with multinodular disease. Our
results showed that downgrading by TAE is associated with
low incidence of recurrence after LT comparable to that in
patients with smaller tumors and should be regarded as a
strong argument for patients with advanced HCC to proceed
to LT.
The significance of the role of TAE in pre-LT treatment
was further underscored by the fact that although group A
patients had more advanced HCC and were significantly
older compared to those in group B (P<0.05, Table 1), the
former actually enjoyed a better survival rate than the latter
after transplant.
Cadaveric LT is an excellent treatment for early HCC.
Its use, however, is limited by the shortage of grafts. As a
result of prolonged waiting period before transplantation,
tumor progression may counteract the benefit of LT. An
estimated 30% of patients develop contra-indications to
the procedure while waiting for a suitable donor and up to
10% of patients with HCC on transplant waiting list die
before undergoing LT[8,9]. Surgical resection of the tumor is
an optimal bridging treatment, which has been anecdotally
proposed in many centers[10] . However, acceptable liver
function is the prerequisite for hepatectomy or tumor
resection. In fact, less than 30% of patients who have
advanced liver cirrhosis would tolerate liver resection[1,2].
So TAE is another treatment of choice in these cirrhotic
patients to halt or delay tumor progression and to reduce
the impact of a long waiting list and donor shortage. Presence
of vascular invasion, number of satellite nodules, natural
history of tumor behavior and response to TAE are
powerful predictors of survival in patients with HCC.
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Angiography and TAE can demonstrate and offer that
additional information. Patients with poor prognostic criteria
may be removed from the waiting list.
From the experience using animal model, the nature of
the injected material and the rate of injection had a
significant impact on the actual amount of embolizer that
reaches the tumor, the adjacent parenchyma, and the portal
vein. The pharmacokinetics is especially important for those
liquid materials that are not soluble in blood, such as lipiodol/
ethanol mixture, to pass from the hepatic artery and to the
portal vein through the presinusoidal communication to create
a dual artery and portal vein embolization[11,12] . On the
kinetics of the flow, slow injection can produce small droplets
of the liquid embolizer that are carried along with the high
velocity main stream towards the feeding vessels of the
tumor. When the velocity of the main blood flow slows
down during embolization, the embolizer will be evenly
distributed inside the tumor and also the adjacent liver
parenchyma according to the velocity of the blood vessels.
Our results suggest that preoperative TAE can achieve better
results than those cases with similar tumor sizes but received
LT without prior TAE. It indicates that the therapeutic effect
of the transhepatic artery approach by using lipiodol/ethanol
mixture is an effective modality in the treatment of HCC
especially when combined with LT.
Significant tumor necrosis is an important factor that
contributed to the excellent outcome after TAE in our study.
Our data revealed that recurrence was infrequent in those
patients with TAE-induced extensive tumor necrosis who
showed an excellent 100% disease-free survival at 3 years.
It is superior to the incomplete embolization group with
less than 85% tumor necrosis (57.1% at 3 years) or who
did not have TAE (75% at 3 years) before LT. Almost all
of our patients showed a marked response to pre-transplant
TAE, 63% (12/19) of the patients had >85% tumor necrosis
or at least greater than 50% tumor size reduction in the
explanted livers. This high response rate can possibly be
explained by the superselective embolization, slow injection
of the embolizer, dual hepatic artery and portal vein
embolization, and the strategy of repeated TAE sessions
within a short period of time to achieve maximal necrosis.
The procedure was well- tolerated in the majority of patients
and caused almost no significant complications.
Hepatic artery injury during TAE is considered a risk
factor for LT that may impair post-transplant survival
especially in the living donor liver transplant. Delicate
interventional technique, highly specific selection of
intrahepatic artery by using microcatheter, and slow injection
of embolizer using microinfusion pump to prevent reflux
of the agents can minimize injury to the major hepatic artery.
From our experience, TAE prior to LT did not increase
surgical difficulty in hepatic artery dissection and
anastomosis. No graft loss due to hepatic artery injury was
observed in our 19 TAE patients.
In addition to the tumor size and number, vascular
invasion is another important predictor of outcome after
transplant. Early lung metastasis was also noted in one of
our cases with microscopic tumor invasion to the portal
vein. Although TAE was performed by slowly infusing the
mixture of lipiodol and ethanol into the artery supplying
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the tumor until dual hepatic artery and portal vein
embolization, early distant metastasis still cannot be prevented.
Unfortunately, the diagnosis of microscopic vascular
invasion can only be made under microscope in vitro and
cannot be predicted or detected by any laboratory tests,
imaging modalities, and even invasive procedures such as
biopsy and angiography. Since advanced HCC (stage 4) may
still achieve 20% 5-year survival post-LT in comparison
with 100% mortality without operation[13], all HCC patients
without extrahepatic spread should be offered LT. The
major limiting factors have been organ shortage and cost.
On the basis of the probability of early recurrence,
candidates with vascular invasion should be excluded from
the transplantation waiting list.
Pathologic analysis showed that the percentage of tumor
necrosis correlated with the results of post-TAE CT. Besides,
post-TAE CT, with lipiodol stasis in HCC, can show nodules
previously ignored by CT, ultrasound, and angiography,
contributing to a more accurate staging of the disease[14,15].
It indicated that post-TAE CT is a good examination
modality that can be used in the pre-transplant survey that
includes patient selection and outcome prediction after LT.
Precise assessment of the size, number, and percentage of
tumor necrosis after TAE are among the most powerful
predictors of survival in patients with HCC. In addition to
these factors, natural history of tumor behavior can be
incorporated into future treatment planning. Uncontrolled
tumor growth after TAE that does not meet the criteria
and macroscopic vascular invasion may not be good
candidates for transplantation and could therefore be
removed from the waiting list. Other patients with
insufficient tumor necrosis after TAE but within the criteria
may be selected for early transplantation.
In conclusion, our results show a low risk of recurrent
HCC in patients treated with preoperative TAE before LT.
These results also provide evidence to redefine the current
rationale behind organ allocation for malignant liver diseases.
The combination of the improved survival rate noted in
this study and the development of living donor LT may
potentially revolutionize the current scoring system and
scheme of organ allocation that would advocate organ
allocation for patients with advanced HCC. For those
patients, Pre-LT TAE may be considered the therapeutic
strategy of choice that may reduce their dropout rate for
LT to achieve better patient survival and quality of life.
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Abstract
AIM: To evaluate the factors affecting the early tumor
recurrence within one year in cirrhotic patients having a
single small hepatocellular carcinoma (HCC) after
complete tumor necrosis by radiofrequency ablation (RFA)
therapy.
METHODS: Thirty patients with a single small HCC
received RFA therapy by a RFA 2000 generator with LeVeen
needle. Tri-phase computerized tomogram was followed
every 2 to 3 mo after RFA. The clinical effects and tumor
recurrence were recorded.
RESULTS: The initial complete tumor necrosis rate was
86.7%. Twenty-two patients were followed for more than
one year. The local and overall recurrence rates were
13.6% and 36.4%, 33.3% and 56.2%, 46.6% and 56.2%
at 12, 24 and 30 mo, respectively. No major complication
or procedure-related mortality was found. The risk factors
for early local tumor recurrence within one year were
larger tumor size, poor pathologic differentiation of tumor
cells and advanced tumor staging. The age of patients
with new tumor formation within one year was relatively
younger (55.1±8.3 vs 66.7±10.8, P = 0.029).
CONCLUSION: Large tumor size, poor pathologic
differentiation of tumor cells and advanced tumor staging
are the risk factors for early local tumor recurrence within
one year, and young age is the positive predictor for new
tumor formation within one year.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignancy
worldwide and about 70% of HCC is found in Asia[1]. There
is an increasing incidence in the western countries[2]. In
Taiwan, HCC is a leading neoplasm due to the high
prevalence of chronic viral hepatitis[3-5].
Surgical resection, liver transplantation and local ablation
therapy are considered potentially curative therapies for
HCC nowadays[6,7]. However, only 9% to 27% of patients
are suitable for operation[8,9]. For the patients who are not
candidates for surgical treatment, local ablation therapy is
another choice for controlling this neoplasm. Many
modalities, such as percutaneous ethanol injection (PEI),
percutaneous acetic acid injection (PAI), cryotherapy,
percutaneous microwave coagulation therapy (PMCT), and
radiofrequency ablation (RFA) are available for local therapy.
These minimally invasive techniques have the advantages
of preserving the uninvolved liver parenchyma with less
complication and mortality than surgery. However,
inadequate treatment and recurrence of tumor are still
common.
RFA first described by Rossi and coworkers[10] is a new
technique of local thermal ablation therapy for HCC. It
allows focal coagulation necrosis of hepatic tumors by
producing thermal energy with an alternating electric current
generator at a radiofrequency of 200 to 1 200 kHz through
a needle electrode. Tumor cells are destroyed by heating to
a temperature of about 80 ℃ to 100 ℃. Previous reports
have shown that RFA has a better complete necrosis rate,
lower local recurrence rate, fewer treatment sessions and
longer survival interval than PEI[11,12]. However, despite the
high complete necrosis rate of RFA, early tumor recurrence
within one year, either local tumor recurrence or new tumor
formation, can still be found. A series of studies discussed
the factors for tumor recurrence including the tumor size,
subcapsular lesion, operative procedure, underlying liver
disease and alpha-fetoprotein (AFP) levels, but the results
were not well documented[13-15,23]. The factors for the early
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tumor recurrence within one year were never discussed
independently.
In our study, we followed our patients with a single small
HCC after RFA and analyzed the results including complete
tumor necrosis, local and overall tumor recurrence, safety
of procedure, clinical morbidity and mortality and the factors
responsible for early tumor recurrence within one year.

MATERIALS AND METHODS
Patients
From September 2000 to February 2003, 30 cirrhotic
patients with a single small HCC received ultrasound-guided
percutaneous RFA therapy in our hospital. The enrolled
criteria included: (1) HCC was pathologically proved before
therapy by ultrasound-guided cutting biopsy; (2) the largest
tumor size was smaller than 4 cm in diameter and the
number of tumor was single; (3) there was no bleeding
tendency (prolongation of prothrombin time was ≤3 s
and platelet count was ≥60 000/mm) or uncontrollable
ascites; (4) no extra-hepatic metastases could be found by
clinical or image studies (computed tomogram, abdominal
ultrasound and chest X-ray) before procedure; (5) tumor
location was detectable under ultrasound-guided approach
and was far away from major vessels and main bile ducts at
least by 1.0 cm (to prevent major complication and heatsink effect by major vessels); (6) patients refused surgery
or were not candidates for surgical treatment and (7) there
was no previous therapy for HCC.
Patients were given full explanation of the procedure
and written consent was obtained from each patient. This
study was approved by the Department of Medical Research
and Education of Kaohsiung Veterans General Hospital.
The cirrhotic condition was defined by Child-Pugh
classification and the tumor staging was defined by BCLC
staging system[16]. The pathologic grading was defined by
Edmondson and Steiner classification[17] and the grade I and
II was defined as well-differentiation and the grade III and
IV was defined as poor differentiation.
Procedure of RFA
All patients received intra-muscular injection of pethidine
50 mg and oral diclofenac potassium 25 mg (if serum
creatinine level was <2 mg/dL and no peptic ulcer by
endoscopy) about 30 min before RFA after they had fasted
for 4 h. In patients with impaired renal function (serum
creatinine was ≥2 mg/dL) or peptic ulcers, diclofenac
potassium would be held to prevent the advanced effect
and acetaminophen 500 mg would be given orally. Local
anesthesia with 10 CC of 2% Xylocaine was injected at the
puncture site before introducing the needle. RFA machine
of 2000 generator (Boston Scientific Co.) and LeVeen
needle electrode (15 gauge, 25 cm in length, 8-10 hooks,
maximum dimension 2.0, 3.0 and 3.5 cm on full expanded)
were used. Under real-time ultrasound guidance, the electrode
needle was introduced percutaneously into the center or
lower part of hepatic tumor, and then expanded the tines
of the tip fully before ablation. The selection of needle size
depended on the location and diameter of the tumor.
The initial output was set at 30-50 W with an increment
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of 10 W every 60 s till the power of about 60-90 W, which
was maintained for 5 min, and then, increasing the power
again to the maximum level (90-130 W) step by step. The
selection of the power level depended on the size of needle.
Ablation was maintained for at least 15 min unless there
was a rapid drop in the power output coincident with marked
increase in tissue impedance due to coagulation necrosis
(roll-off phenomenon). If no roll-off occurred after ablation
for 15 min, the second ablation as the previous procedure
would be performed till the roll-off occurred or 10 min of
the treatment time had elapsed. No more than 25 min of
radiofrequency energy was applied with each deployment
of the needle electrode.
After initial ablation, the tines of the tip were fully retracted
and if needed, the needle was withdrawn about 1 to 2 cm
along the needle tract and re-expanded the tines for another
ablation to cover the main tumor area and to create the
safe margin of about 0.5 to 1 cm as possible. If no more
ablation was needed, we withdrew the needle to the point
about 1 cm near the liver surface and re-expanded the tines
about 1/4 to 1/5 on extensions. Then, another ablation
with initial power was performed till roll-off occurred
(usually within 2 min) for coagulating the needle tract to
prevent bleeding and needle tract tumor seeding. Patients
received sand bag compression for 2 h to prevent internal
bleeding after procedure. The complete course of procedure
was defined as one therapeutic session. The number of
sessions needed for ablating the whole tumor was dependent
on the tumor size and needle introducing position. The second
session would be performed within one week if indicated.
For subcapsular lesions, we inserted the electrode into the
HCC nodule through non-cancerous liver tissue without
making artificial ascites. Heat coagulation was performed
carefully under real-time ultrasound monitor to prevent
adjacent organ injury. Intra-muscular injection of ketoprofen
50 mg (in patients with serum creatinine <2 mg/dL and no
peptic ulcer) or pethidine 50 mg (in patients with serum
creatinine ≥2 mg/dL or peptic ulcer) for further pain
control during or after procedure would be given, if needed.
Any complications, associated symptoms and signs were
recorded and treated.
Follow-up studies
Tri-phase computerized tomography (CT) was performed
after RFA therapy one month later for detecting the effect.
Successful complete tumor necrosis was defined as no
enhanced lesion could be found at previous ablative site.
(Figure 1). On the other hand, patients with enhanced lesions
were considered as treatment failure; another course of
RFA or shifted to other therapies such as transcatheter arterial
embolization (TAE), PAI or PEI would be arranged.
Regular follow-up with the tri-phase CT scan, liver
biochemistries and AFP level every 2-3 mo was performed
after initial successful treatment. The local recurrence was
defined as enhanced lesions over the previous ablative area.
Enhanced lesions over different segments or faraway from
the previous ablative site were defined as new tumor
formation. If any recurrence or new tumor developed,
proper therapy would be performed according to the patient’s
condition.
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A

B

C

D

Figure 1 Successful RFA in an 82-year-old male patient with HCC. A: Tri-phase CT scan showed an enhanced nodule in hepatic arterial phase
about 2.8 cm in size before RFA (arrows); B: Radiofrequency ablation was performed in one session. The needle was introduced into the lower
part of the tumor first with fully expanded tines under real-time ultrasound-guidance (arrows); C: Complete ablation after 2 ablative courses
within 37 min was done. The tumor showed hyperechoic signals after RFA under ultrasound (arrows); D: Tri-phase CT scan showed complete
necrosis of this tumor without enhancement in hepatic arterial phase one month after RFA (arrows).

Statistical analysis
The data were expressed as mean±SD. 2 test and Fisher’s
exact test (F-test) were used for comparison of categorical
data. Mann-Whitney analysis was performed for comparisons
of continuous variables. Statistical significance was defined
as P<0.05. Kaplan-Meier analysis was used for tumor
recurrent curve.

RESULTS
Thirty patients with single HCC were enrolled for RFA
therapy. The tumor size ranged from 1.1 to 3.9 cm. There
were 37 sessions totally (one session in 24 tumors, two
sessions in 6 tumors). Ablative duration ranged from 3 to
48 min. One patient developed severe pain during RFA
and the procedure was prematurely terminated. Three
patients failed to reach successful complete tumor necrosis
after RFA by CT images one month later. They were excluded
from our follow-up study. Further RFA therapy was refused
and they were referred for TAE therapy. The initial
successfully completed tumor necrosis rate was 86.7% (26
in 30).
In the 26 patients with successful initial complete tumor
necrosis, three patients were lost for follow-up within 6 mo.
One patient died of sepsis 9 mo after RFA without tumor
recurrence. These patients were also excluded from our
study. There were 22 patients who received long-term
regular follow-up for more than one year. The baseline data
was shown in Table 1. The results of RFA were shown in
Table 2. The mean follow-up duration was 28.8±9.0 mo
(from 15 to 45 mo). The accumulative local tumor recurrence
rates were 13.6%, 33.3% and 46.6% at 12, 24 and 30 mo

respectively. Overall tumor recurrence rates (including new
tumor formation and local tumor recurrence) were 36.4%,
56.2% and 56.2% at 12, 24 and 30 mo respectively (Figure 2).
The tumor-free interval was 18.5±11.4 mo (from 2 to 45 mo)
(Table 2). One patient died of hepatic failure 15 mo after
RFA. The survival interval was 28.7±9.1 mo (from 15 to
45 mo). Except for three patients lost for follow-up, 25 of
27 patients survived till July 2004. The accumulative
mortality rate was 7.4% (2 in 27).

Table 1 Baseline data of 22 patients with long-term follow-up
Sex (male/ female)
Age (yr, range)
HBV/HCV/HBV+HCV/others

16/6
62.5±11.3 (40-82)
9/10/2/1

Child’s classification
A/B/C
Esophageal varices (+/-)
Ascites (+/-)
Tumor size (cm, range)
≤2 cm / > 2 cm

18/4/0
11/11
1/21
2.3±0.7 (1.1-3.9)
10/12

Tumor location
Right lobe/Left lobe
Subcapsular lesion (+/-)

16/6
4/18

Histological classification
Well 1/Poor 2

21/1

Tumor staging (BCLC stage)3
Ia / Ib / Ic

11/10/1

Grading of HCC by Edmondson and Steiner classification [17 ] 1 Well: well
differentiated (grade I, II). 2 Poor: poorly differentiated (grade III, IV) 3.BCLC
stage: staging system from con clusions of th e Barcelona-20 00 EASL
conference [16].
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Table 3 Factors affecting the new tumor formation within one year
in 22 patients after RFA

%
100
90
80
70
60
50
40
30
20
10
0

Overall

New tumor
(n = 8)

Local

Age (yr)

55.1±8.3

Sex (male/female)

0

6

12

18

24

30

36

Time (mo)

6/2
5/3

13/1

5/3

11/3

Subcapsular (+/-)

2/6

HBV/HCV/others

3/4/1

EV 2 (+/-)

(Well/Poor)3
BCLC stage4 Ia/Ib/Ic
Ablative time (min)

One session/ Two sessions
Average sessions

NS

2/6

9/5

0.076

2.4±0.8

2.2±0.8

NS

5/3

7/7

NS

Sessions
Follow-up (mo)

7/1

14/0

NS

2/5/1

9/5/0

NS

8/0

13/1

NS

20.8±10.8

21.6±15.5

NS

1.1±0.4

1.2±0.4

NS

26.8±10.4

30.0±8.3

NS
0.059/NS

18/4

Albumin (g/dL)

3.6±0.5/4.1±0.7

4.0±0.4/4.2±0.5

1.2±0.4

T.Bili (mg/dL)

1.3±0.6/1.0±0.3

1.0±0.4/1.1±0.6

NS/NS

54.3±18.1/61.0±23.1

68.7±38.5 /75.8±38.9

NS/NS

75.6±42.5/77.6±31.1

NS/NS

F/U 1 duration (mo, range)

28.8±9.0 (15-45)
21/1

GOT (U/L)
GPT (U/L)

63.3±36.5/82.1±41.1

Alk-P (U/L)

117.0±33.3/126.9±45.1

AFP5 (ng/mL)

Complications
11

Nausea/vomiting

4

Fever

1

Local-free interval (M 2, range)

22.2±10.0 (4-45)

Tumor-free interval (M 2, range)

18.5±11.4 (2-45)

Local recurrence rate
12M/24M/30M

6/6/2

NS
NS

Pre-RFA / Post-RFA

21.3±13.7 (3-48)

Local pain

2/12

0.076

26

Ablative time (min, range)
Roll-off (+/-)

0.029

Histology

Roll-off (+/-)

Total sessions of RFA

P

NS6

Right lobe/Left lobe

Tumor >2 cm (+/-)

Table 2 Results of RFA in 22 patients with long-term follow-up

66.7±10.8
10/4

Child 1 (A/B)

Tumor size (cm)

Figure 2 Accumulated tumor recurrence curves of 22 patients with
small HCC after RFA. Local tumor recurrence (triangle line) and
overall tumor recurrence (including local tumor recurrence, new
tumor formation and both) (dot line) are shown.

No new tumor
(n = 14)

115.5±53.5/121.6±48.2 NS/NS

388.5±1 003.2/77.9±142.4 129.2±376.8/20.4±32.4 NS/NS

Decrease AFP > 50%

4/4

4/10

NS

Post-RFA(+/-)
1
Child: Child-Pugh classification. 2 EV: esophageal varices 3 Well/Poor: Well
differentiated/Poor differentiated 4 .BCLC stage: staging system from
conclusions of the Barcelona-2000 EASL conference[16] 5 AFP: alpha-fetoprotein
6
NS: not significant.

13.6% / 33.3% /46.6%

Overall recurrence rate
12M/24M/30M
Survival interval (M 2, range)

36.4%/56.2%/56.2%
28.7±9.1 (15-45)

Pre-RFA / Post-RFA3
Albumin (g/dL)

3.8±0.5/4.2±0.6

GOT (U/L)

63.5±32.9/70.4±34.2

GPT (U/L)

71.1±40.0/79.2±34.2

T. Bili.4 (mg/dL)
Alk-P5 (U/L)

1.1±0.5/1.0±0.5
116.0±46.3/123.5±46.1

AFP6 level (ng/mL)
Pre-treatment (range)
Post-treatment

223.5±663.1 (3-2870)
41.3±90.6 (3-422)

Decrease AFP > 50% post RFA
Yes / No

8/14

Three patients had early local tumor recurrence within
one year after RFA. Tumor size was the significant factor
for early local tumor recurrence within one year. (3.2±0.7
vs 2.2±0.7, P = 0.03, Mann-Whitney test). Besides, poor
differentiation of tumor cells (P = 0.01, 2 test) and
advanced tumor staging (P = 0.036, 2 test) were other risk
factors for early local tumor recurrence within one year
(Table 4).
Some minor advanced events such as local heat and
pain (11 cases), low-grade fever (<38 ℃) (1 case) and nausea
or vomiting (4 cases) were found (Table 2). They were
controlled by conservative treatment. No procedure-related
mortality was noted.

1
F/U: Follow-up 2 M: months 3 Data of pre-RFA / Data of post-RFA 4 T. Bili:
total bilirubin level 5 Alk-P: alkaline phosphatase level 6 AFP: alpha-fetoprotein.

Eight patients had new tumor formation within one year
and 14 patients had no new tumor formation. By analysis,
young age (55.1±8.3 vs 66.7±10.8, P = 0.029, Mann-Whitney
test) was the independent risk factor for early new tumor
formation within one year. There were no differences in
sex, age, Child-Pugh classification, underlying etiology of
cirrhosis, presentation of esophageal varices, duration of
tumor ablation, tumor size, tumor location, tumor staging,
therapeutic sessions, roll-off phenomenon, histological
classification, follow-up duration and the liver biochemistries
and AFP level before and after RFA (Table 3).

DISCUSSION
In our study, the high complete tumor necrosis rate (86.7%)
after RFA is comparable with other trials (65-100%, average
83%)[18,22-24]. The local recurrence rates of HCC after RFA are
2.1 to 39% for variable methods, variable follow-up duration
and tumor characters reported by several studies[22-28]. Our
local tumor recurrence rates are 13.6% and 33.3% at 12
and 24 mo respectively, which are comparable with other
reports. However, the local tumor recurrence rate increases
to 46.6% at 30 mo after the so-called “complete necrosis”
by RFA therapy.
As we know, successful RFA therapy requires an adequate
safe margin to prevent the local tumor recurrence due to
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Table 4 Factors affecting the local tumor recurrence within 1 year
in 22 patients after RFA
Local recurrence
(n = 3)
Age (yr)
57.7±9.3
Sex (Male/Female)
2/1
Child 1 (A/B)
3/0
Right lobe/Left lobe
2/1
Subcapsular (+/-)
1/2
HBV/HCV/others
1/2/0
1/2
EV 2 (+/-)
Tumor size (cm)
3.2±0.7
Tumor >2 cm (+/-)
3/0
Histology
(Well/Poor) 3
2/1
BCLCstage4 Ia/Ib/Ic
1/1/1
Roll-off (+/-)
3/0
Ablative time (min)
27.0±12.3
Sessions
1.3±0.6
Follow-up (mo)
35.0±6.6
Pre-RFA / post-RFA
Albumin (g/dL)
3.6±0.3/4.0±1.0
T. Bili. (mg/dL)
1.2±0.6/1.1±0.2
GOT (U/L)
56.3±16.2/49.3±14.0
GPT (U/L)
50.0±24.4/56.3±20.1
Alk-P (U/L)
106.3±26.3/109.3±31.0
AFP5 (ng/mL) 967.7±1647.5/145.0±240.0
Decrease AFP > 50%
2/1
Post-RFA(+/-)

No local recurrence
(n = 19)

P

63.3±11.6
14/5
15/4
14/5
3/16
8/8/3
10/9
2.2±0.7
9/10

NS6
NS
NS
NS
NS
NS
NS
0.03
0.089

19/0
10/9
18/1
20.4±14.0
1.2±0.4
27.8±9.1

0.01
0.036
NS
NS
NS
NS

3.9±0.5/4.2±0.5
1.0±0.5/1.0±0.5
64.6±34.9/73.3±35.4
74.4±41.4/82.8±34.9
117.6±49.1/125.7±48.3
106.0±323.3/24.9±33.3
6/13

NS/NS
NS/NS
NS/NS
NS/NS
NS/NS
NS/NS
NS

1
Child: child-Pugh classification 2 EV: esophageal varices 3 Well/Poor: well
differentiated/Poor differentiated 4 . BCLC stage: staging system from
conclusions of the Barcelona-2000 EASL conference[16] 5 AFP: alpha-fetoprotein
6
NS: not significant.

microscopic invasion around the periphery of the tumor.
Just like hepatic resection, 0.5 to 1.0 cm is the acceptable
thickness for this purpose when RFA is performed[20,21]. Two
or more sessions and a longer ablative duration will be needed
to create the area compared to only ablating the main tumor
area without adequate safe margin. Unfortunately, repeated
insertion and positioning of an electrode may result in
inaccurate positioning because the safe margin is difficult
to identify after the first treatment under sonogram, probably
due to echogenic gas formation by the initial RFA [29].
Inadequate safe margin may be created due to the
interference especially for larger tumor that needs repeated
sessions. So, further studies for development of a new
technique or a protocol to create enough ablative area and
a safe margin with lesser sessions may increase the success
rate[30]. Chen and his colleagues reported protocol and clinical
application for RFA therapy[31] and Poon and his colleagues
reported the learning curve for RFA therapy [32]. Both
suggest the need to improve the technique to reach the
goal for an adequate creation of safe margins. The incomplete
treatment due to technical defect may be one of the causes
for high local recurrence rate for our study after 2.5 years
post-RFA therapy.
On the other hand, despite the high initial complete
necrosis rate of RFA therapy, early local tumor recurrence
still can be found in some cases. Some trials reported risk
factors relating to local tumor recurrence but the early tumor
recurrence within one year was not discussed independently,
earlier. In our study, we evaluated the factors for this issue.
Larger tumor size, poor pathologic differentiation of tumor
cells and advanced tumor staging are the major risk factors

for early local tumor recurrence within one year as per our
analysis.
Komorizono and colleagues reported that the tumor of
more than 2 cm in size and the subcapsular lesions were
the risk factors of local tumor recurrence[13]. In our study,
tumor size >2 cm has the trend for early local tumor
recurrence (P = 0.089, Mann-Whitney test) (Table 4). We
also performed RFA for subcapsular lesions without
making artificial ascites. However, no significant relation to
early tumor recurrence was found by analysis (P = 0.464,
2 test). Harrison and colleagues reported frequent local
tumor recurrence after RFA for HCC in 46 patients[14].
They found that the independent predictors of tumor
recurrence are tumor size, serum AFP levels and presence
of hepatitis. In our study, the AFP level or presence of
hepatitis were not related to early local tumor recurrence
(Table 4). Kosari and his colleagues[15] and Llovet and his
coworkers[23] also reported that the tumor size was the
independent predictor for tumor recurrence after RFA.
Our results are comparable with them (3.2±0.7 vs 2.2±0.7,
P = 0.03, Mann-Whitney test).
As we know, the cooling effect due to heat-sink by blood
flow when lesions are adjacent to major vessels will decrease
the efficacy of RFA. In our study, we excluded lesions near
the main portal vain or major vessels (<1 cm in distance) to
avoid the cooling effect. These patients received other
treatments such as TAE or PEI. In addition, except for the
tumor size that is comparable to other trials, poor pathologic
differentiation of tumor cells (P = 0.01, 2 test) and
advanced tumor staging (P = 0.036, 2 test) are the other
predictors for early local tumor recurrence within one year
(Table 4). The results are reasonable due to the usually poor
prognosis and aggressive tumor progression in patients with
poorly differentiated tumor cells and advanced tumor stage.
New tumor formation is frequent in patients with chronic
liver disease such as cirrhosis. Ikeda and colleagues reported
that the new tumor formation invariably reflected the
advanced stage of chronic liver disease. In our study, the
markers of advanced cirrhosis such low pre-treatment
albumin level (P = 0.059, Mann-Whitney test), advanced
Child-Pugh classification (P = 0.076, 2 test) and presence
of portal hypertension (esophageal varices) (P = 0.076, 2
test) were shown to have the trend related to the early new
tumor formation after RFA therapy (Table 3). In addition,
the most important process in hepatocarcinogenesis is
genomic instability caused by chronic hepatitis associated
with repeated destruction and regeneration of hepatocytes.
In our study, younger age (55.1±8.3 vs 66.7±10.8, P = 0.029,
Mann-Whitney test) was found in the early new tumor
formation group (Table 3). The cellular reproductive ability
and the growth of tumor cells may be faster in younger
patients than the old. There is no study that reported earlier
the relationship between young age and rapid new tumor
formation. It may need further study with larger case
numbers to evaluate.
The complication rates in other studies are around 2-5.7%
and 6-6.3% in minor and major complications[18,19] . The
procedure-related mortality rate is 0.5-1.4%[18,19] . In our
study, no major complication or procedure-related mortality
could be noted. One patient died of sepsis about 9 mo
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after RFA and one patient died of hepatic failure due to
rapid tumor progression 15 mo after RFA. The accumulative
mortality rate is 7.4% (2 in 27). All minor complications are
tolerable and mild. They subsided after supportive treatment.
In conclusion, RFA therapy is an effective treatment
for small HCC. Large tumor size, poor pathologic
differentiation of tumor cells and advanced tumor staging
are the risk factors for early local tumor recurrence taking
place within one year, after initial successful complete tumor
necrosis by RFA therapy. In addition, young age is the
predictor for new tumor formation within one year.
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Abstract

correlated conversely with the expression of syndecan-1
protein in HCC (r = -0.366, P = 0.010).
CONCLUSION: Expression of paxillin and syndecan-1
proteins in HCC may affect its invasive and metastatic
ability of the tumor. There may be a converse correlation
between the expression of paxillin and syndecan-1 protein
in HCC. Expression of EMMPRIN protein may be detected
in HCC, but it may play little role in the invasion and
metastasis of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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AIM: To evaluate the relationship of expression of paxillin,
syndecan-1 and EMMPRIN proteins with clinicopathological
features in hepatocellular carcinoma (HCC).

http://www.wjgnet.com/1007-9327/11/1445.asp

METHODS: Fifty-one patients who underwent HCC
resection were recruited in the study. Paxillin, syndecan1 and EMMPRIN proteins in HCC tissues were detected
with immunohistochemical staining.

INTRODUCTION
Primary cancers of the liver in adults are of two main
histological types: hepatocellular carcinoma (HCC) and
cholangiocarcinoma. HCC is a frequently occurring tumor
in individuals in many developing countries[1]. It ranks fifth
in frequency worldwide among all malignancies and causes
one million deaths annually[2], yet its incidence is increasing
steadily in various countries[3-5]. Epidemiology studies showed
that primary liver cancer is the second major cause of
mortality in China[6] and it accounts for 53% of all liver
cancer deaths worldwide[7]. Though with great development
in diagnosis and therapy, the prognosis of patients with HCC
remains dismal for its high rate of metastasis and recurrence.
For patients in the advanced stages, the median survival is
less than 6 mo, no matter what kinds of therapy were
managed[8-12]. So it is urgent to further explore the mechanism
of HCC occurrence, progress and metastasis.
Progression and metastasis are malignant characteristics
of malignant tumors. It includes the cellular adhesion
(between tumor cell and normal cell, also between tumor
cells) and the destruction of extracellular matrix (ECM) in
the progressive and metastatic process of malignant tumor.
During the process, the molecules existing in ECM and the
receptors or ligands existing on the surfaces of tumor cells
play critical roles[13,14].
Focal adhesions form a structural link between the ECM

RESULTS: Of 51 cases of HCC, 23 (45%) exhibited paxillin
protein positive expression. Of 42 cases of adjacent nontumor liver tissues, 24 (57%) exhibited positive expression.
Positive paxillin protein expression was associated with
low differentiation (r = 0.406, P = 0.004), with the presence
of portal vein thrombosis (r = 0.325, P = 0.021), with
extra-hepatic metastasis (r = 0.346, P = 0.014). Of 51
cases of HCC, 28 (55%) exhibited syndecan-1 protein
positive expression. Of 42 cases of adjacent non-tumor
liver tissues, 23 (55%) exhibited positive expression.
Positive snydecan-1 protein expression was associated
with well differentiation (r = 0.491, P = 0.001), with no
extra-hepatic metastasis (r = 0.346, P = 0.014). Of 51
cases of HCC, 28 (55%) exhibited EMMPRIN protein
positive expression. Of 42 cases of adjacent non-tumor
liver tissues, 21 (50%) exhibited positive expression.
Expression of EMMPRIN protein was not associated with
serum AFP level, HBsAg status, presence of microsatellite
nodule, tumor size, presence of cirrhosis and necrosis,
differentiation, presence of portal vein thrombosis, extrahepatic metastasis, disease-free survival and overall
survival (P>0.05). Expression of paxillin protein was
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and the actin cytoskeleton and are also important sites of
signal transduction; their components propagate signals
arising from the activation of integrins following their
engagement with ECM proteins, such as fibronectin, collagen
and laminin. Paxillin is a central protein within the focal
adhesion[15]. Its primary function is as a molecular adapter
or scaffold protein that provides multiple docking sites at
the plasma membrane for an array of signaling and structural
proteins. For example, it provides a platform for protein
tyrosine kinases such as focal adhesion kinase (FAK) and
SRC, which are activated as a result of adhesion or growth
factor stimulation. Paxillin binds to many proteins that are
involved in effecting changes in the organization of the
actin cytoskeleton, which are necessary for cell motility events
associated with embryonic development, wound repair and
tumor metastasis[16,17].
Syndecans comprise a gene family of transmembrane
proteoglycans that regulate cellular behavior through
interactions with various effectors including heparin-binding
growth factors and insoluble matrix components. Syndecan-1,
a transmembrane heparin sulfate proteoglycan, localizes in
epithelial cells and has been shown to be present in normal
hepatocytes[18] . It interacts with growth factors, matrix
components, and other extracellular proteins and is thought
to be involved in processes such as cell growth, differentiation
and adhesion. The expression of syndecan-1 appears
generally downregulated in human carcinomas and in
experimental cancer models, whereas transfectional
expression of syndecan-1 in cultured cancer cells has been
shown to inhibit their growth and other aspects of malignant
behavior[19].
Extracellular matrix metalloproteinase inducer
(EMMPRIN), which is also called CD147 and basigin, is a
transmembrane glycoprotein with two immunoglobulin-like
domains and forms a family with embigin and neuroplastin.
EMMPRIN in tumor cells triggers the production or release
of matrix metalloproteinases in the surrounding mesenchymal
cells and tumor cells, thereby contributing to tumor
invasion[20-23].

MATERIALS AND METHODS
Patients
Fifty-one patients (32 men and 19 women; mean age
51±11 years, range 24-69 years) who underwent resection
of HCC in the Department of Surgery of Second Affiliated
Hospital to Sun Yat-Sen University were studied. None of
51 patients had received any preoperative treatment.
Classified according to the Chinese Diagnosis and Treatment
Standard for Common Malignant Tumors, 35 carcinomas
were well-differentiated (Edmonson grade 1-2) and 16
carcinomas were low-differentiated (Edmonson grade 3-4).
Tissue specimens were fixed promptly with 100 g/L
formaldehyde solution, embedded in paraffin and cut into
4 m sections. Sections of 42 carcinomas were excised from
the marginal part of the tumor containing both HCC and
normal liver tissues.
Immunohistochemistry
Fifty-one patients, who underwent HCC resection, were
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recruited in the study. A 3-step immunoperoxidase technique,
using the streptavidin-peroxidase (S-P), was employed for
paxillin, syndecan-1 and EMMPRIN detection. All the
sections were routinely deparaffinized and re-hydrated; then
the sections were rinsed in phosphate-buffered saline (PBS,
pH 7.4) and subsequently were treated for antigen retrieve.
Sections for paxillin and syndecan-1 staining were treated
in EDTA (1 mmol/L, pH 8.0) in water bath. Sections for
EMMPRIN staining were treated in sodium citrate buffered
saline (0.001 mol/L, pH 6.0) with microwave. After cooling
at room temperature for 20 min, the sections were rinsed
in PBS, then immersed in 3% H2O2 for 15 min to block
the endogenous enzymes. After being rinsed in PBS, the
sections were incubated with normal goat serum at 37 ℃
for 15 min to block nonspecific antibodies. After interaction
with anti-paxillin antibody (No. 5H11, Maxim Biological
and Technical Company, Fujian, China; ready-to-use), antisyndecan-1 and anti-EMMPRIN antibodies (No.5F7 and
polyclonal antibody, Zhongshan Biological and Technical
Company, Beijing, China; diluted 1:70), the sections were
rinsed in PBS, then incubated with biotinylated secondary
antibodies and rinsed in PBS again. After interaction with
streptavidin-HRP and being rinsed in PBS, the sections were
visualized by reaction with 3,3’-diaminobenzidine and
counter-stained with hematoxylin.
The determination, whether the tumor and the normal
tissues were positive or not, was performed by two persons.
A tumor or normal tissue, more than 10% of cancer cells
or normal hepatic cells, stained with those antibodies was
recognized as positive. The sections of lung carcinoma and
bladder carcinoma tissues known for those antibodies
stained positive were used as positive controls and normal
goat serum and PBS substituting the primary antibody were
used as negative controls.
Clinicopathological and follow-up data
Clinicopathological classification of the investigated HCC
was made according to the criteria described by the Chinese
Diagnosis and Treatment Standard for Common Malignant
Tumors. Some clinicopathological findings (presence of
cirrhosis and necrosis, histological grading and metastasis)
were judged by two pathologists, others (presence of
microsatellite nodule and tumor size) were judged by
ultrasonic examination.
Postoperative follow-up included monitoring for disease
recurrence by serum AFP level and chest X-ray detection,
together with ultrasonography or computed tomography
(CT) scan every 3 mo. Recurrence of tumor was diagnosed
by the detection of any intra-hepatic or extra-hepatic tumor
with a typical enhancement pattern of HCC in contrast CT
scan and elevation of serum AFP level compared with the
previous level. Disease-free survival was calculated from
the date of hepatic resection to the date when recurrence
was diagnosed or, in the absence of detectable recurrence,
to the date of death or last follow-up.
Statistical analysis
Statistical analysis was performed by the generalized
Wilcoxon’s test (or the Fisher’s exact test, where appropriate).
Postoperative prognosis was evaluated with the Kaplan-
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Meier method and compared between groups by the logrank test; the significance of the prognostic value of the
variables was estimated with Cox’s multivariate proportional
hazard model. All statistical analyses were performed using
SPSS Win program package 8.0. Differences were considered
as significant when the P value was less than 0.05.

RESULTS
Correlation between expression of paxillin protein and
clinicopathological features in HCC
Of 51 cases that we assayed for paxillin protein expression
in HCC, 23 (45%) exhibited positive expression (Figure 1A).
Of 42 cases of adjacent non-tumor liver tissues, 24 (57%)
exhibited positive expression. If paxillin expression was
compared between HCC and the adjacent non-tumor liver
tissues, there was no significant difference (P = 0.415).
Positive paxillin expression was associated with low differentiation
(r = 0.406, P = 0.004), with the presence of portal vein
thrombosis (r = 0.325, P = 0.021), with extra-hepatic metastasis
(r = 0.346, P = 0.014). Expression of paxillin protein was
not associated with serum AFP level (P = 0.604), HBsAg status
(P = 0.638), presence of microsatellite nodule (P = 0.991),
tumor size (P = 0.272), presence of cirrhosis and necrosis
(P = 0.886 and 0.922, respectively, Table 1).
Correlation between expression of syndecan-1 protein and
clinicopathological features in HCC
Of 51 cases that we assayed for syndecan-1 protein
expression in HCC, 28 (55%) exhibited positive expression
(Figure 1B). Of 42 cases of adjacent non-tumor liver tissues,
23 (55%) exhibited positive expression. If syndecan-1
expression was compared between HCC and the adjacent
non-tumor liver tissues, there was no significant difference
(P = 0.842). Positive syndecan-1 expression was associated
with well differentiation (r = 0.491, P = 0.001), with no
extra-hepatic metastasis (r = 0.346, P = 0.014). Expression
of syndecan-1 protein was not associated with serum AFP
level (P = 0.280), HBsAg status (P = 0.465), presence of
microsatellite nodule (P = 0.578), tumor size (P = 0.607),
presence of cirrhosis and necrosis (P = 0.640 and 0.646,
respectively), presence of portal vein thrombosis (P = 0.292).
(Table 2).

A

B
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Table 1 Expression of paxillin protein categorized by pathological
variables
Paxillin
Variables

P

Serum AFP level
≤25 ng/mL (n = 22)
>25 ng/mL (n = 29)
HBsAg
Positive (n = 16)
Negative (n = 35)
Microsatellite nodule
Absent (n = 31)
Present (n = 20)
Tumor size
≤3 cm (n = 18)
>3 cm (n = 33)
Cirrhosis
Absent (n = 36)
Present (n = 15)
Necrosis
Absent (n = 24)
Present (n = 27)
Portal vein thrombosis
Absent (n = 37)
Present (n = 14)
Differentiation
Well (n = 35)
Low (n = 16)
Extra-hepatic metastasis
Absent (n = 41)
Present (n = 10)

-

+

13
15

9
14

0.604

8
20

8
15

0.638

17
11

14
9

0.991

8
20

10
13

0.272

20
8

16
7

0.886

13
15

11
12

0.922

24
4

13
10

0.021

24
4

11
12

0.004

26
2

15
8

0.014

Correlation between expression of EMMPRIN protein and
clinicopathological features in HCC
Of 51 cases that we assayed for EMMPRIN protein
expression in HCC, 28 (55%) exhibited positive expression
(Figure 1C). Of 42 cases of adjacent non-tumor liver tissues,
21 (50%) exhibited positive expression. If EMMPRIN
expression was compared between HCC and the adjacent
non-tumor liver tissues, there was no significant difference
(P = 0.842). Expression of EMMPRIN protein was not
associated with serum AFP level (P = 0.242), HBsAg status
(P = 0.284), presence of microsatellite nodule (P = 0.576),
tumor size (P = 0.607), presence of cirrhosis and necrosis
(P = 0.281 and 0.992, respectively), differentiation (P = 0.897),
presence of portal vein thrombosis and extra-hepatic
metastasis (P = 0.292 and 0.721, respectively). (Table 3).

C

Figure 1 Immunohistochemical detection. A: Paxillin protein positive locates in cytoplasm of low-differentiated HCC cells (×200); B:
Syndecan-1 protein positive locates in cytoplasm of well-differentiated HCC cells (×200); C: EMMPRIN protein positive locates in cytomembrane of well-differentiated HCC cells (×200).
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Table 2 Expression of syndecan-1 protein categorized by pathological variables
Syndecan-1
Variables

P
-

+

Serum AFP level
≤25 ng/mL (n = 22)

8

14

>25 ng/mL (n = 29)

15

14

0.280

HBsAg
Positive (n = 16)

6

10

Negative (n = 35)

17

18

Absent (n = 31)

13

18

Present (n = 20)

10

10

0.465

Microsatellite nodule
0.578

Tumor size
≤3 cm (n = 18)

9

9

>3 cm (n = 33)

14

19

Absent (n = 36)

17

19

Present (n = 15)

6

9

Absent (n = 24)

10

14

Present (n = 27)

13

14

Absent (n = 37)

15

22

Present (n = 14)

8

6

Well (n = 35)

10

25

Low (n = 16)

13

3

Absent (n = 41)

15

26

Present (n = 10)

8

2

0.607

Cirrhosis
0.640
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Prognostic value of paxillin, syndecan-1 and EMMPRIN
proteins on disease-free survival and overall survival
Of 51 cases of HCC, median follow-up of the patients
was 26 mo (range 5-90 mo). At the time of analysis, 21 of
the 51 HCC patients had postoperative recurrence. The
disease-free survival and overall survival were compared
between two groups of patients who were segregated in
positive and negative expression of those proteins. Patients
with negative expression of EMMPRIN protein had better
disease-free survival than those with positive expression,
but the difference was not statistically significant (P = 0.087,
Figure 2). The disease-free survival of the 51 HCC patients
was not related to the expression of paxillin and syndecan-1
proteins (P = 0.350 and 0.654, respectively). The overall
survival of those HCC patients was not related to the
expression of paxillin, syndecan-1 and EMMPRIN proteins
(P = 0.916, 0.538, and 0.476, respectively).

Necrosis

Disease-free survival

0.646

Portal vein thrombosis
0.292

Differentiation
0.001

Extra-hepatic metastasis
0.014

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

EMMPRIN
Positive

Negative

0

10 20 30 40 50 60 70
After resection (mo)

Table 3 Expression of EMMPRIN protein categorized by pathological variables

Figure 2 Disease-free analyses of HCC patients segregated into
negative and positive expression of EMMPRIN protein (P = 0.087).

EMMPRIN
Variables

P
-

+

≤25 ng/mL (n = 22)

12

10

>25 ng/mL (n = 29)

11

18

Serum AFP level
0.242

HBsAg
Positive (n = 16)

9

7

Negative (n = 35)

14

21

Absent (n = 31)

13

18

Present (n = 20)

10

10

0.284

Microsatellite nodule
0.576

The expression of paxillin, syndecan-1 and EMMPRIN
proteins was enabled to enter into a Cox’s regression analysis
of disease-free survival and overall survival together with
serum AFP level, HBsAg status, presence of microsatellite
nodule, tumor size, presence of cirrhosis and necrosis,
differentiation, presence of portal vein thrombosis and extrahepatic metastasis. No significant prognostic factor was
found for disease-free survival and overall survival (P>0.05,
data not shown).

Tumor size
≤3 cm (n = 18)

9

9

>3 cm (n = 33)

14

19

Absent (n = 36)

18

18

Present (n = 15)

5

10

Absent (n = 24)

11

13

Present (n = 27)

12

15

Absent (n = 37)

15

22

Present (n = 14)

8

6

Well (n = 35)

16

19

Low (n = 16)

7

9

Absent (n = 41)

19

22

Present (n = 10)

4

6

0.607

Cirrhosis
0.281

Necrosis
0.992

Portal vein thrombosis

Correlation among expression of paxillin, syndecan-1 and
EMMPRIN protein in HCC
Expression of paxillin protein was correlated conversely
with the expression of syndecan-1 protein in HCC (r = -0.366,
P = 0.010, Table 4). Expression of EMMPRIN protein
was not correlated with the expression of paxillin and
syndecan-1 protein in HCC (P = 0.184 and 0.141, respectively,
Table 5).

0.292

Table 4 Association between paxillin and syndecan-1 protein

Differentiation
0.897

Syndecan-1
Paxillin

0.721

P
-

+

Negative

8

20

Positive

15

8

Extra-hepatic metastasis

0.010
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Table 5 Association between EMMPRIN and paxillin, syndecan-1
protein
EMMPRIN
P
Paxillin
Negative
Positive

+

15

13

8

15

13
10

10
18

0.184

Syndecan-1
Negative
Positive

0.141

DISCUSSION
Evaluation of adhesion and proteolytic destruction of ECM
and basement membranes (BM) has shown important
clinical implications in the invasive and metastatic process
of many types of malignant tumors. Immunohistochemical
detection of factors attributed to adhesion and proteolytic
destruction of ECM and BM might provide important
prognostic values, independent of conventional pathological
factors in cancer patients[24,25]. HCC is a highly invasive and
metastatic malignancy. HCC quickly permeates the liver
through the portal venous system; portal vein thrombosis is
found at a high proportion in the advanced cases. Metastases
to regional lymph nodes are also common. Paxillin,
syndecan-1 and EMMPRIN proteins appear to be promising
immunohistochemical markers that might have a value to
evaluate malignancy in other types of cancers[17,21,26-29]. To
our knowledge, this is the first study that evaluated the
clinical significance of paxillin and EMMPRIN proteins
in HCC patients.
Paxillin acts as an adaptor molecule in integrin signaling.
Tyrosine phosphorylation of paxillin is a prominent event
on integrin activation in normal epithelial cells[30-32]. Similarly,
paxillin protein might be detected in normal (non-tumor)
liver tissues. Although the percentage of adjacent non-tumor
liver tissues that were positive for paxillin protein was higher
than that of HCC, no significant difference was found
between those two percentages. This finding suggested that
paxillin protein existed in both the non-tumor liver cells and
HCC cells, and interfered in their activities. Both adjacent
non-tumor liver tissues and HCC tissues have the same
chance to encounter carcinogenic factors and oncogenes.
The paxillin-binding protein might attribute to the presence
of paxillin protein in both normal (non-tumor) liver tissues
and HCC. Furthermore, paxillin protein expression was
associated with low differentiation, in the presence of portal
vein thrombosis, along with extra-hepatic metastasis. Low
differentiation, presence of portal vein thrombosis and extrahepatic metastasis means high malignancy in HCC. So
positivity of paxillin protein was related to the malignancy
of HCC. Previous studies showed that protein kinase C
(PKC) activator and 12-O-tetradecanoylphorbol-13-acetate
(TPA) increased the expression of tyrosine phosphorylation
of several proteins including the FAK and paxillin, which
increased the invasion ability of human hepatocellular
carcinoma cells in vitro[33-35]. However, paxillin protein was
not related to the disease-free survival and overall survival
in HCC patients. This finding suggested that detection of
paxillin in HCC probably had little prognostic value, though
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this protein was related to the malignancy of HCC.
Moreover, paxillin protein was not related to serum AFP
level, HBsAg status, presence of microsatellite nodule,
tumor size, and the presence of cirrhosis and necrosis.
Previous study has demonstrated that syndecan-1
expressed in normal epithelial cells[36]. Syndecan-1 protein
was also detected in the adjacent non-tumor liver tissues[37].
This study showed that syndecan-1 exhibited positive
expression in HCC. Interestingly, the percentage of syndecan1 protein that were positive in both HCC and the adjacent
non-tumor liver tissues was the same, and no significant
difference was found between the percentages of those
two kinds of tissues. Previous study showed that the expression
of syndecan-1 reduced in HCC with intra-hepatic or extrahepatic metastasis[37]. Similarly, this study had the same finding,
in which there was a higher percentage of well differentiated
HCC or HCC without extra-hepatic metastasis. This finding
suggested that syndecan-1 protein was conversely related
to the malignancy of HCC. Previous study had demonstrated
that syndecan-1 was reduced both on the level of mRNA
and protein levels in other cancers, and the reduction altered
in different carcinomas[36]. Previously, it had been revealed
that the expression of syndecan-1 was reduced in human
hepatocellular carcinomas with high metastatic potential and
speculated that syndecan-1 played an important role in
inhibition of invasion and metastasis [26,36,37]. However,
syndecan-1 protein was not related to the disease-free
survival and overall survival in HCC patients, which
suggested that it probably had little prognostic value in HCC.
Furthermore, syndecan-1 protein was not related to serum
AFP level, HBsAg status, the presence of microsatellite
nodule, tumor size, presence of cirrhosis and necrosis, and
the presence of portal vein thrombosis.
Matrix metalloproteinases (MMPs) play critical roles in
the process of carcinogenesis, carcinoma invasion and
metastasis by way of the proteolytic destruction of ECM
and basement membranes[38]. There is a positive correlation
between MMPs expression and the invasive and metastatic
potential of malignant tumors, including colorectal, lung,
prostate, bladder, HCC, pancreatic carcinomas, astrocytic
and oligodendroglial gliomas[39-45]. EMMPRIN is a heavily
glycosylated transmembrane glycoprotein containing two
immunoglobulin superfamily domains, which induces MMPs
production in the adjacent stromal cells. Some results implied
that an EMMPRIN counter-receptor might have existed
on the fiber cell surface, but such a counter-receptor has
not been identified. This study showed that EMMPRIN
protein was detected in the adjacent non-tumor liver tissues
frequently, which was contrary to the finding of low
expression in normal liver tissues. The percentage of
EMMPRIN protein expression in HCC was higher than
that in the adjacent non-tumor liver tissues. However, no
significant reduction of EMMPRIN protein was found in
adjacent non-tumor liver tissues compared with that in HCC.
Other studies showed that EMMPRIN also acted in an
autocrine fashion to increase productions of MMPs and
invasiveness in tumor cells themselves. Previous studies
demonstrated that EMMPRIN enriched in HCC tissue and
these might be a potential target for anti-invasion and
metastasis therapies. It was also shown that HAb18G/
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CD147 was highly expressed in HCC tissues and lowly
expressed in normal tissues. HAb18G/CD147, not only
participated in adhesion of cell-cell or cell-matrix but also
enhanced metastatic potentials of human hepatoma cells
by disrupting the regulation of store-operated Ca(2+) entry
by NO/cGMP[13,14]. This study showed that EMMPRIN
protein might express in HCC. However, EMMPRIN
protein was not related to differentiation, presence of portal
vein thrombosis and extra-hepatic metastasis. These findings
suggested that the expression of EMMPRIN protein was
not associated with the malignancy of HCC, which was
contrary to the findings of MMPs expression[25] . Though
those MMPs played an important role in the degradation
of extracellular matrix of HCC, tissue inhibitor of matrix
metalloproteinase proteins (TIMPs) also played an important
role that inhibited the activities of MMPs in the degradation
of extracellular matrix[25]. Moreover, this study showed that
EMMPRIN was not related to the differentiation, presence
of portal vein thrombosis and extra-metastasis. This was
probably attributable to the finding that EMMPRIN protein
was not related to the malignancy of HCC and the prognosis
of HCC patients. Moreover, this study showed that patients
with negative expression of EMMPRIN protein had better
disease-free survival than those with positive expression,
but the difference was not statistically significant. This was
probably attributable to that EMMPRIN protein was only
the inducer of MMPs, and the activity of MMPs was
regulated by many factors such as TIMPs. This probably
made the association of EMMPRIN protein with biological
behaviors of HCC complicated. This study also showed
that EMMPRIN might be detected in the HCC patients
whose AFP serum levels were >25 ng/mL. And no significant
difference of the expression of EMMPRIN protein was found
between the patients with AFP serum levels >25 ng/mL
and with those ≤25 ng/mL. This finding was not in
agreement with the previous study. Moreover, EMMPRIN
protein was not related to HBsAg status, presence of
microsatellite nodule, tumor size and presence of cirrhosis
and necrosis.
This study demonstrated that the expression of paxillin
protein correlated with the expression of syndecan-1 protein
conversely, which suggested that the two proteins played a
contrary role in the progression and metastasis of HCC.
Paxillin protein increased and syndecan-1 protein decreased
the malignancy of HCC.
In conclusion, our data demonstrated that the expression
of paxillin protein correlated with differentiation, the
presence of portal vein thrombosis and extra-hepatic metastasis
in HCC. Furthermore, the expression of syndecan-1 protein
correlated with differentiation and extra-hepatic metastasis
in HCC. Hence, both paxillin and syndecan-1 correlated
with the malignancy of HCC, and those proteins played a
contrary role in the progression and metastasis of HCC.
Though EMMPRIN protein might express in HCC, no
association was found between this protein and the
malignancy of HCC.
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the cell killing decrease. These effects, if confirmed by
clinical studies, should be considered in designing IMRT
treatments for HCC.

Abstract

http://www.wjgnet.com/1007-9327/11/1452.asp

AIM: To explore the impact of prolonged fraction dosedelivery time modeling intensity-modulated radiation
therapy (IMRT) on cell killing of human hepatocellular
carcinoma (HCC) HepG2 and Hep3B cell lines.
METHODS: The radiobiological characteristics of human
HCC HepG2 and Hep3b cell lines were studied with standard
clonogenic assays, using standard linear-quadratic model
and incomplete repair model to fit the dose-survival
curves. The identical methods were also employed to
investigate the biological effectiveness of irradiation
protocols modeling clinical conventional fractionated
external beam radiotherapy (EBRT, fraction delivery time
3 min) and IMRT with different prolonged fraction delivery
time (15, 30, and 45 min). The differences of cell surviving
fraction irradiated with different fraction delivery time
were tested with paired t-test. Factors determining the
impact of prolonged fraction delivery time on cell killing
were analyzed.
RESULTS: The / and repair half-time (T1/2) of HepG2
and Hep3b were 3.1 and 7.4 Gy, and 22 and 19 min
respectively. The surviving fraction of HepG2 irradiated
modeling IMRT with different fraction delivery time was
significantly higher than irradiated modeling EBRT and
the cell survival increased more pronouncedly with the
fraction delivery time prolonged from 15 to 45 min,
while no significant differences of cell survival in Hep3b
were found between different fraction delivery time
protocols.
CONCLUSION: The prolonged fraction delivery time
modeling IMRT significantly decreased the cell killing in
HepG2 but not in Hep3b. The capability of sub-lethal
damage repair was the predominant factor determining

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the popularization of intensity-modulated radiation
therapy (IMRT), an irradiation technique developed to
improve target dose conformity and normal tissue sparing[1-4],
more and more patients with hepatocellular carcinoma
(HCC) would receive radiotherapy[5]. IMRT optimized the
physical dose distribution of radiotherapy, which thereby
could enhance the tumor local control and lower the
radiation-induced hepatitis. However, the radiobiological
effectiveness of IMRT might be different from conventional
external beam radiation therapy (EBRT) especially
considering the prolonged fraction delivery time in IMRT.
IMRT delivers dose, either dynamically or statically (e.g.,
step-and-shoot), using many beam apertures (segments) that
are shaped with multileaf collimator[1,4,6]. It takes a much
longer time to deliver a single fraction dose with IMRT
than EBRT. Generally, EBRT takes about 2-5 min to deliver
a single fractional dose, whereas IMRT with static delivery
requires 15-45 min to deliver the same fractional dose.
According to radiobiological theory, cell killing tends to
decrease with fraction delivery time increasing because of
ongoing sublethal damage repair (SLDR) processes during
dose delivery. Wang et al[7] calculated the cell-killing efficiency
of simulated and clinical IMRT plans with the generalized
linear-quadratic (LQ) model, which indicated that fraction
delivery times in the range of 15-45 min may significantly
decrease tumor cell killing and may have a significant impact
on treatment outcome for tumors with a low / ratio and
short repair half-time (T1/2). However, such calculation lacks
confirmation of studies in vitro. To clarify the impact of
prolonged fraction delivery time in IMRT on tumor cell
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MATERIALS AND METHODS
Cell culture
Human HCC cell lines including HepG2 and Hep3b were
employed in this study. Both cell lines were cultured in plastic
flasks at 37 ℃ in a humidified atmosphere of 50 mL/L CO2
and 95% air with the 1 640 medium containing 10-15%
fetal calf serum with 100 U/mL penicillin and 100 g/mL
streptomycin. Results of regular tests for mycoplasma
contamination were negative. When they become confluent,
cells were sub-cultured (1:4 dilution). Exponentially growing
cells were used for experiments.
Immediately prior to irradiation, single-cell suspension
was prepared by trypsination and cell number was counted
using a hemocytometer. Cells were then seeded in varying
amounts onto 6-well tissue culture dishes with 1 640 medium.
Three parallel samples were set at each radiation dose of
various irradiation schedules.
Irradiation scheme
Irradiation was carried out at room temperature using a
6-MeV X-ray. To learn the radiobiological characteristics,
doses of 0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, 8 Gy and 10 Gy were
given as single, continuous doses at a dose rate of 3.2 Gy/min
for generating standard dose-survival curves and acquiring
a variety of mathematic model parameters. To achieve the
T1/2, doses of 0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, 8 Gy and 10 Gy
were given as single, continuous doses at a dose rate of
0.066 Gy/min. To compare the cell killing effectiveness of
fraction delivery time modeling EBRT and IMRT,
fractionated irradiation of 0 Gy, 1 Gy×1, 2 Gy×1, 2 Gy×2,
2 Gy×3, 2 Gy×4 and 2 Gy×5, were given with one fraction
per day just like clinical dose-time-fractionation pattern. In
irradiation modeling EBRT, the fraction delivery time was
3 min, with two 1.18 min intervals modeling 3 portals
irradiation. In irradiation modeling IMRT with different
fraction delivery times, each fraction dose was given in seven
equal sub-fractions; the total fraction delivery time was 15,
30 or 45 min.

dividing the plating efficiency of the irradiated cells by that
of the untreated control. All data points were the mean
results of experiments.
Survival curve fitting and calculation
Dose-survival curves for each experiment were constructed
by semi-logarithmically plotting the mean surviving fractions
as a function of irradiation dose. The data were analyzed,
and survival curves were plotted following the standard
linear-quadratic model [S = exp (-D - D2)] or incomplete
repair model [S = exp (-D -gD 2)][8] using GraphPad
Prism 4.0 software (GraphPad Software, Inc., USA).  and
 resulted from the best fitting survival curves and were
used to calculate surviving fraction at 2 Gy (SF2).
Differences of surviving fraction treated with different
irradiation protocols were tested with paired t-test. Statistical
significance was assumed when P<0.05.

RESULTS
Radiobiological characteristics of HepG2 and Hep3b
Standard dose-survival curves of HepG2 and Hep3b fitted
with the standard LQ model are shown in Figure 1. The survival
curves with irradiation at a low dose rate of 0.066 Gy/min
fitted with incomplete repair model to acquire the T 1/2 of
both cell lines were shown in Figure 2. The radiobiological
characteristics of both cell lines described with the parameters
of the mathematic models are listed in Table 1.

100
HepG2
Surviving fraction

killing, more detailed studies in vitro are required.
In this study, we attempt to ascertain the impact of
prolonged fraction delivery time modeling IMRT on survival
of human HCC cell lines HepG2 and Hep3B, so as to
provide radiobiological basis for optimizing IMRT plans
for this disease.
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Figure 1 Standard dose-survival curves of HepG2 and Hep3b fitted
with standard two parameter LQ model.
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Clonogenic assays
Standard clonogenic assays were used to acquire the standard
dose-survival curves of HepG2 and Hep3b and to determine
the effect of irradiation modeling EBRT and IMRT with
fraction delivery time of 15, 30 and 45 min. Cells plated in
6-well tissue culture dishes were incubated in an undisturbed
state for 10 d. Cell fixation and staining used methanol and
0.5% crystal violet in deionized water and colony counts
were performed by visual inspection. A colony was defined
as 50 or more cells. Colony plating efficiency was calculated
to be the number of viable nucleated cells plated and
expressed as a percentage. The surviving fraction at each
dose of each irradiation protocols was determined by
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Figure 2 Dose-survival curves of HepG2 and Hep3b irradiated
at a low dose rate of 0.067 Gy/min fitted with incomplete repair
model.
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Table 1 Radiobiological characteristics of HepG2 and Hep3b
described with parameters derived from the dose-survival curves
fitted with standard LQ model and incomplete repair model
Parameters
Cell
SF2read (%)

SF2est (%)

 (Gy-1)

(Gy-2) /(Gy)

T1/2 (min)

HepG2

89.0

67.6

0.118

0.038

3.1

22

Hep3b

60.0

34.6

0.413

0.056

7.4

19

Cell surviving fraction irradiated modeling EBRT and IMRT
Surviving fraction of HepG2 and Hep3b irradiated modeling
fractionated EBRT of 0Gy, 1Gy×1, 2Gy×1, 2Gy×2,
2Gy×3, 2Gy×4 and 2Gy×5, as well as modeling IMRT
given in seven equal sub-fractions per fraction delivered
within a total fraction delivery time of 15, 30 or 45 min are
listed in Table 2. The dose-survival curves of both cell
lines with different fractionated irradiation schedules fitted
with standard LQ model are shown in Figure 3. The
surviving fractions of HepG2 irradiated modeling IMRT
with different fraction delivery times were significantly higher
than irradiated modeling EBRT (P<0.05), and the cell
irradiated modeling IMRT with longer fraction delivery time
has a significant higher survival than that with shorter fraction
delivery time (P<0.05). No significant survival differences
of Hep3b were found between different fraction delivery
time protocols (P>0.05) (Table 3).

March 14, 2005

Volume 11

Number 10

DISCUSSION
This study demonstrated that the prolonged fraction delivery
time modeling IMRT decreased the cell killing of HepG2;
the cell killing decreased more pronouncedly with the fraction
delivery time being prolonged from 15 min to 45 min. These
phenomena, however, were not obvious in Hep3b.
Essence of the impact of prolonged fraction delivery time on
cell killing
The intrinsic reason for increasing of the cell survival treated
with IMRT like protocols is the ongoing SLDR processes
during dose delivery. Irradiated tumor cells may be lethally
or not lethally damaged. Cells that are not lethally damaged
may undergo repair. SLDR is an important type of damage
repair that is defined as the enhancement in survival when
a dose of radiation is separated over a period time. Generally,
SLDR experiments divide a single dose into two relatively
equal doses spaced at variable time intervals. Elkind et al
investigated this phenomenon in great detail [9,10]. An
enhancement in survival after two doses separated in time
was observed. This enhancement in survival was due to SLDR.
Factors determining the impact degree of prolonged fraction
delivery time on cell killing
The survival increasing of cells irradiated with a prolonged
fraction delivery time is mainly associated with the capacity

Table 2 Surviving fraction of HepG2 and Hep3B irradiated modeling fractionated EBRT, as well as modeling IMRT with a total fraction delivery
time of 15, 30 or 45 min
Survival fraction of HepG2 and Hep3b
Dose
Modeling EBRT-03’

Modeling IMRT-15’

Modeling IMRT-30’

Modeling IMRT-45’

HepG2

Hep3b

HepG2

Hep3b

HepG2

Hep3b

HepG2

Hep3b

0.0 Gy

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0000

1.0 Gy×1

0.8700

0.4800

0.8800

0.4800

0.8800

0.4800

0.9100

0.4800

2.0 Gy×1

0.6636

0.3559

0.6747

0.4123

0.7012

0.4389

0.7133

0.4500

2.0 Gy×2

0.4669

0.0507

0.5123

0.0546

0.5181

0.0550

0.5498

0.0590

2.0 Gy×3

0.2578

0.0550

0.2906

0.0200

0.3006

0.0208

0.3236

0.0230

2.0 Gy×4

0.1321

0.0027

0.1700

0.0033

0.1987

0.0049

0.2137

0.0051

2.0 Gy×5

0.0547

0.0005

0.0671

0.0007

0.0851

0.0009

0.0996

0.0011
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Figure 3 Effects of fractionated irradiation modeling EBRT and IMRT on survival of HepG2 and Hep3b. A: Cell survival curve of HepG2 fitted
with LQ model; B: Cell survival curve of Hep3b fitted with LQ model. Cells were irradiated modeling fractionated EBRT [+] with doses of 0.0Gy,
1Gy×1, 2Gy×1, 2Gy×2, 2Gy×3, 2Gy×4 and 2Gy×5 delivered within a fraction time of 3 min, as well as modeling IMRT with the corresponding
doses delivered within a fraction time of [×] 15 min, [□] 30 min or [◆] 45 min.
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Table 3 Results of t-tests for surviving fractions between different fraction delivery time protocols
HepG2

Hep3b

Fraction delivery time protocols
EBRT-03’ vs IMRT-15’
EBRT-03’ vs IMRT-30’
EBRT-03’ vs IMRT-45’
IMRT-15’ vs IMRT-30’
IMRT-15' vs IMRT-45’
IMRT-30’ vs IMRT-45’

t

P

-3.308
-3.909
-4.814
-2.823
-5.686
-4.308

0.016
0.008
0.003
0.030
0.001
0.005

t
-1.199
-1.179
-1.240
-1.133
-1.301
-1.644

P
0.276
0.283
0.261
0.301
0.241
0.151

and rate of the SLDR during the dose delivery as well as
the fraction dose delivery time.
The capacity of a cell to undergo SLDR, which is
associated with the intrinsic radiobiological characteristics
of the cell, may be represented by the quadratic term in
LQ model. A cell with a small / is considered having a
large ability to undergo SLDR. Most human tumor cell lines
studied in vitro have a relatively small ability to undergo
SLDR [11-15]. Yet, a large capacity for SLDR has been reported
for some human tumor cell lines[12,16-20]. According to this
study, HepG2 has a relatively large capacity for SLDR with
a / of 3.1, which is much lower than what was expected,
while Hep3b has a smaller capacity for SLDR with a /
of 7.4.
The rate of SLDR can be represented with T 1/ 2.
Apparently, cells with short T1/2 have more repairs during a
certain fraction delivery time. For human tumor cell lines,
the characteristic T1/2 ranges from a few minutes to several
hours[21-23]. In a review article, Steel et al[21] pointed out that
the repair time for many tumors appears different when
measured from a split-dose experiment vs a low-dose-rate
exposure. They attributed this difference to the presence
of two or more repair components. Others have confirmed
that non-exponential or multi-exponential SLDR kinetics
are involved in cell killing [24-28]. In split-dose survival
experiments, the fast and slow rates of SLDR kinetics can
be reasonably approximated by a single (average) first-order
repair term. In low-dose-rate experiments, cell killing is more
sensitive to the fast repair component. For fraction delivery
times in the range of 15 to 45 min (i.e., comparable to IMRT
treatment times), the fast repair component is important
and the slow repair component has little impact on cell killing.
Brenner and Hall[22] have compiled in vitro data on the T1/2
of human cancer cell lines under low-dose-rate exposure
conditions. They have found that the most probable T1/2 is
approximately 20 min. For prostate cancer, Wang et al [17]
used clinical data to derive a T1/2 of 16 min. In this study,
the T 1/2 of HepG2 and Hep3b were 22 and 19 min
respectively. They are just within the general fraction delivery
time of IMRT (15-45 min). Although cells, with shorter
T1/2 (Hep3b), could not be proved as having more SLDR
than that with longer T 1/2 (HepG2) in this study for the
much larger SLDR capability of HepG2 than Hep3b, the
importance of SLDR rate should not be neglected only if
the T 1/2 of cell lines being considered were similar just like
that in this study and the study of Brenner and Hall[22].
The fraction dose delivery time is another factor that
impacts the effect of cell survival. For HepG2 in this study,
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the differences of surviving fraction in each group irradiated
with different prolonged fraction delivery time were small
but significant (P<0.05).
These important factors synthetically affect the effect
of prolonged fraction delivery time on cell killing. According
to the results of this study, HepG2 and Hep3b have similar
T 1/2 . The predominant factor that affects the effect of
prolonged fraction delivery time on cell killing apparently
should be the SLDR capability of the cells.
In conclusion, the prolonged fraction delivery time
modeling IMRT significantly decreased the cell killing in
HepG2 but not in Hep3b. The capability of SLDR was the
predominant factor determining the cell killing decrease.
These effects, if confirmed by clinical studies, should be
considered in designing IMRT treatments.
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Abstract
AIM: To identify whether the polymorphisms of the Nacetyltransferase (NAT) genes are susceptible to primary
liver cancer (PLC) in Luoyang, a PLC low-incidence area
of China.
METHODS: The NAT1 and NAT2 genotypes of 96 PLC
cases and 173 controls were determined by PCR-RFLP.
Both interaction between NAT1 or NAT2 and environmental
risk factors were analyzed based on case control study.
RESULTS: Compared to the control group, the frequencies
of alleles NAT1*3, NAT1*4, NAT1*10, NAT1*14B and
alleles NAT2*4, NAT2*6, NAT2*7 in PLC group showed
no statistically significant difference (2 = 2.61 and 4.16,
respectively, both P>0.05). The frequencies of NAT1
genotypes NAT1*3/*3, NAT1*3/*4, NAT1*3/*10,
NAT1*3/*14B, NAT1*4/*4, NAT1*4/*10, NAT1*4/*14B,
NAT1*10/*10, NAT1*10/*14B, and NAT2 genotypes
NAT2*4/*4, NAT2*4/*6, NAT2*4/*7, NAT2*6/*6,
NAT2*6/*7 and NAT2*7/*7 also had no statistically significant
difference between the two groups (2 = 11.86 and 2.94
respectively both, P>0.05). Neither the frequencies of
rapid and slow NAT1 acetylators nor the frequencies of
rapid and slow NAT2 acetylators were significantly
different between the two groups (2 = 0.598 and 0.44,
respectively, both P >0.05). The interaction between
NAT1*10 and occupational exposures was found
significant with an odds ratio of 3.40 (2 = 8.42, P = 0.004,
OR 95%CI:1.03-11.22). But no interaction was found
between NAT2 and any environmental risk factors.
CONCLUSION: The polymorphisms of NAT1 and NAT2
are not susceptible to PLC in Luoyang. Allele NAT1*10
interacts with occupational exposures.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary liver cancer (PLC), most of which refers to primary
hepatocellular carcinoma (HCC), following lung cancer and
stomach cancer, ranked the third of cancer mortality
worldwide, accounting for an estimated 357 000 deaths in
1990[1]. In China, PLC ranked the second of cancer mortality
since 1990s[2]. The incidence of PLC in China has also been
found to be increasing, covering about 42.5% of the new
global 260 000 cases each year[3]. To explore the risk factors
of PLC in mainland China has remained an attractive target.
The pathogenesis of PLC remains unknown although
much progress has been made in the past decades. Many
studies have suggested that PLC is a multi-factorial disease
induced by interactions between genetic and environmental
factors. Researches in molecular genetics have revealed that
polymorphisms of some metabolizing enzyme genes may
related to the development of PLC. N-acetyltransferase
(NAT) is a kind of enzyme family, which catalyzes acetylation
reactions of nitrogenous compounds. It can activate or
inactivate extrinsic nitrogenous substances especially amine
carcinogens[4]. NAT is encoded by two isozyme genes, NAT1
and NAT2.
Much work has been reported on the relationship
between NAT1 genetic polymorphisms and some cancers
such as bladder or colon cancer, a few of which were
focused on PLC in high incidence areas. In contrast, little
has been reported on association between NAT2 genetic
polymorphisms and PLC. Bian et al [5] who studied the
genotypes, phenotypes and polymorphism of NAT2 for
65 HCC cases in high incidence area of China, found out
that slow NAT2 acetylators (NAT2*4 allele) increased the
risk of HCC. However, no such works have been reported
in PLC low incidence areas of China or other countries. In
order to know whether polymorphisms of NAT1 and NAT2
are susceptible to PLC, and to know the interaction between
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environmental risk factors and NAT1 or NAT2 in such
areas, we selected Luoyang City as our research site, which
is located in the west of Henan Province, China.

reaction buffer. The PCR condition consisted of an initial
denaturation at 94 ℃ and extension at 72 ℃ each for 5 min
followed 30 cycles of denaturation at 94 ℃, annealing at
55 ℃ and extension at 72 ℃ each for 60 s.

MATERIALS AND METHODS
Subjects and standard of enrollment
We collected 96 newly diagnosed PLC patients as the case
group from more than ten hospitals of Luoyang city during
1999-2002. All the patients met the diagnosis criteria for
PLC established by Chinese Anti-Cancer Association[6] .
Meanwhile, we collected 65 controls from hospitals and
another 108 controls from communities who were all
excluded for any hepatic diseases or cancers. Hospital and
community controls were merged as the control group based
on their balance in gender, age and resident area. All the
controls had no kinship with each other. Both groups were
of local residents.

Restriction fragment length polymorphism analysis
The 5-20 µL of NAT1 PCR product was then digested by
Alw26I, AseIand HinfI, and NAT2 by TaqI and Bam HI, for
12-16 h at 37 ℃ water. The reaction products were separated
by electrophoresis under 200 V of constant voltage for 30 min
through 2.5-3.0% agarose gel with 10 mg/µL ethidium
bromide, which was examined under ultraviolet irradiation.

Data collection and blood sampling
All of the subjects gave verbal informed consent for the
survey. A same questionnaire was applied to both groups
to investigate their general information, health condition,
smoking history, occupational exposures etc. We defined
smoking as consuming at least one cigarette each day for
more than 6 mo, and occupational exposures as contact
history with suspicious carcinogens such as benzene, paint
and dust.
All cases and controls were interviewed and their medical
records were reviewed by trained field workers. They also
had 5 mL peripheral blood drawn, which was non-coagulated
and kept in -20 ℃.
Genomic DNA extraction
Genomic DNA was extracted from peripheral blood
leucocytes by general phenol-chloroform method.
PCR amplification
Primers were synthesized based on relevant literatures[7,8]
(Table 1). The NAT1 amplification reaction was carried out
in a 30 µL solution containing 0.1-0.3 µg DNA, 2.5 mmol/L
4×dNTP (Shanghai Bioasia Company), 0.2 µmol/L NAT1a
and NAT1b primer each (Shanghai Sangon Company), 1.5 U
Taq DNA polymerase (Beijing Sbsbio Company) and 3.0 µL
10×PCR reaction buffer. The PCR condition consisted of
an initial denaturation at 94 ℃ for 5 min and extension at
72 ℃ for 7 min followed 30 cycles of denaturation at 94 ℃,
annealing at 55 ℃ and extension at 72 ℃ each for 60 s.
For NAT2, the amplification reaction was carried out in
a 100 µL solution containing 1-3 µg DNA, 2.4 mmol/L
4×dNTP, 0.3 µmol/L NAT2a and NAT2b primer each,
0.8 µL Taq DNA polymerase (5 U/µL) and 10 µL 10×PCR

Genotype determinations
The genotypes of single nucleotide polymorphisms (SNPs)
of NAT1 at nucleotide 560, 1 088 and 1 095, and SNPs
of NAT2 at nucleotide 590 and 857 were determined and
divided into wild homozygote (w/w), heterozygote (w/m)
and mutant homozygote (m/m) according to the pictures
of electrophoresis. Then the genotypes of NAT1 (NAT1*3,
*4, *10, *14A, 14B) and NAT2 (NAT2*4, 6, 7) of all subjects
were determined based on relevant literature.
Genotype and phenotype
The NAT1*10 phenotype and its association with cancer
susceptibility remain poorly understood. Commonly
NAT1*10 may increase enzyme activity and was found to
increase risk of some cancers. In this study individuals with
NAT1*10 were classified as rapid NAT1 acetylators and
others were slow NAT1 acetylators as usual[9]. As for NAT2,
those without NAT2*4 could increase susceptibility to some
cancers, and were regarded as slow NAT2 acetylators, those
with NAT2*4 were rapid acetylators[8].
Statistical analysis
Data are presented as mean±SD. Database was built by
Epi Info 6.0 and the analysis of data was accomplished
using SPSS 10.0 software. The genotype distribution of
NAT1 and NAT2 in controls was compared with that as
expected from Hardy-Weinberg equilibrium by 2 tests. The
difference in frequency distributions of genotypes and
phenotypes between the two groups was tested by 2 test.
Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated to assess the strength of interaction between
environmental risk factors and polymorphisms of NAT1
or NAT2. P values of less than 0.05 were considered to be
statistically significant.

RESULTS
Balance test and goodness-of-fit test for Hardy-Weinberg law
In the case group, the age span was 20-75 years old, mean

Table 1 Primer sequence of NAT1 and NAT2
Primer
NAT1a
NAT1b

Position
1029
1 1271 148

NAT2a

130

NAT2b

867895

Length (bp)
1 158
895

Primer sequence
5’TTAGGAATTCATGGACATTGAAGCATATCTTGAAAGAAT3’
5’GCTTTCTAGCATAAATCACCAA 3’
5’ATGGACATTGAAGCATATTTTGAAAGAATT3’
5’AAGGGTTTATTTTGTTCCTTATTCTAAAT3’
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Table 2 Goodness-of-fit test for Hardy-Weinberg law for genotype
frequencies of NAT1 in control group

Table 4 Genotype frequencies of NAT1 in case group and control
group

Genotypes

Genotypes

Observed number

Expected number

NAT1*3/ *3

20

11

NAT1*3/ *4

30

40

NAT1*3/ *10

15

22

4

4

NAT1*3/ *14B

Cases (%)

Controls (%)

Total

NAT1*3/ *3

4 (4.2)

20 (11.5)

24

NAT1*3/ *4

24 (25.0)

30 (17.2)

54

NAT1*3/ *10

3 (3.1)

15 (8.6)

18

4 (4.2)

4 (2.3)

8

NAT1*4/ *4

50

37

NAT1*3/ *14B

NAT1*4/ *10

27

39

NAT1*4/ *4

30 (31.3)

50 (28.7)

80

NAT1*4/ *10

37

NAT1*4/ *14B

5

6

NAT1*10/ *10

19

10

4

3

173

173

NAT1*10/ *14B
Total

10 (10.4)

27 (15.5)

NAT1*4/ *14B

3 (3.1)

5 (2.9)

8

NAT1*10/ *10

14 (14.7)

19 (10.9)

33

NAT1*10/ *14B
Total

2 = 7.24, P>0.05.

4 (4.2)

4 (2.3)

96 (100.0)

173 (100.0)

8
269

2 = 11.86, P>0.05.

Table 3 Goodness-of-fit test for Hardy-Weinberg law for genotype
frequencies of NAT2 in control group
Genotypes

Observed number

Expected number

NAT2*4/*4

100

91

NAT2*4/*6

23

33

NAT2*4/*7

28

34

NAT2*6/*6

6

4

NAT2*6/*7

12

7

NAT2*7/*7

4

4

173

173

Total
2 = 4.51, P>0.05.

Table 5 Genotype frequencies of NAT2 in case group and control
group
Genotypes

Cases (%)

Controls (%)

Total

NAT2*4/*4

57 (59.4)

100 (57.8)

157

NAT2*4/*6

9 (9.4)

23 (13.3)

32

NAT2*4/*7

15 (15.6)

28 (16.2)

43

NAT2*6/*6

2 (2.1)

6 (3.5)

8

NAT2*6/*7

8 (8.3)

12 (6.9)

20

NAT2*7/*7
Total

5 (5.2)

4 (2.3)

96 (100.0)

173 (100.0)

9
269

2 = 2.94, P>0.05.

age was (58.20±10.71) years old, and gender ratio was 3:1.
While in the control group, the age span was 26-80 years,
mean age was (57.68±10.03) years old and gender ratio
was 2.5:1. Case group and control group had similar
frequency for distribution of age and sex (P>0.05). As for
the control group, the frequencies of NAT1 and NAT2
genotypes fitted well with the Hardy-Weinberg equilibrium,
indicating that the control group were sufficiently
representative (Tables 2, 3).
PLC and polymorphisms of NAT1 or NAT2
The RFLP results of NAT1 and NAT2 Figures 1-5. Neither
3 SNPs of NAT1 (C1095A, T1088A and G560A) nor 2
SNPs of NAT2 (G857A and G590A) were found to be
associated to PLC (2 = 1.170, 0.190, 0.047, 3.33 and 0.95,
respectively, all P>0.05).
Similarly, we did not find any association between
PLC and NAT1 or NAT2 alleles (2 = 2.61 and 4.16, both
P>0.05). We failed to observe NAT1*14A alleles in both
groups. The genotypes of NAT1 and NAT2 also showed
no association with PLC (Tables 4, 5).
The phenotypes of NAT1 and NAT2 also showed no
difference in frequencies between case group and control
group (Table 6), suggesting that the phenotypes of NAT1
and NAT2 were not associated with PLC.
Interaction between NAT1 or NAT2 genotypes and environmental
risk factors in development of PLC
The metabolism of carcinogenic arylamines in tobacco
smoke, occupational exposure, fried food or meat is mediated

Table 6 Frequency distribution of phenotypes of NAT1 and NAT2 in
case and control group
NAT phenotypes

Cases (%)

Controls (%)

Total

NAT1 rapid acetylator

31 (32.3)

64 (37.0)

95

NAT1 slow acetylator

65 (67.7)

109 (63.0)1

174

Total

96 (100.0)

173 (100.0)

269

NAT2 rapid acetylator

81 (84.4)

151 (87.3)

232

NAT2 slow acetylator

15 (15.6)

22 (12.7)2

37

Total

96 (100.0)

173 (100.0)

269

1 2

 = 0.598, P>0.05; 22 = 0.44, P>0.05.

by enzymes including NAT1 and NAT2. Both NAT1 and
NAT2 are genotypically and phenotypically polymorphic
with variable genotype frequencies in different ethnic
groups.
In our case control study design, we classified all the
environmental risk factors into two levels (0 and 1); then
calculated odds ratios (OR) of different levels among both
groups after setting down those without NAT1*10 and
without exposures as referential baseline. We then judged
the interaction between susceptible allele and environmental
carcinogens. The results suggested that interaction between
NAT1*10 and occupational exposures had statistical
significance with an OR of 3.40 (Table 7). Interactions
between NAT1*10 and other risk factors showed no statistical
significance. We also analyzed relationship between HBV
infection and NAT1*10, but failed to get positive result.
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Figure 1 RFLP product of NAT1 C1095A site digested by Alw26I.
Lanes 1, 3, 4, 6, 8, and 9: wild homozygotes; lanes 2, 7: heterozygotes;
lanes 5, 10: mutant homozygotes; M: 100 bp DNA Ladder I; the
fragments from up to down are 600, 500, 400, 300, 200 and 100 bp,
respectively.

Figure 3 RFLP product of NAT1 T1088A site digested by Ase I.
Lanes 1, 5: wild homozygotes; lanes 2, 3, 6, 7: heterozygotes; lanes
4, 8: mutant homozygotes; M: 100 bp DNA Ladder I; the fragments
from up to down are 600, 500, 400, 300, 200 and 100 bp respectively.
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Figure 2 RFLP product of NAT1 G560A site digested by HinfI. Lanes
1, 6, 7: heterozygotes; lane 2: wild homozygote; lanes 3, 4, 5:
mutant homozygotes; M: pGEM-7Zf(+) DNA/HaeIII Markers; the
fragments from up to down are 657, 458, 434, 328, 289, 267, 174,
142, 102 and 80 bp.

50

Figure 4 RFLP product of NAT2 G560A site digested by Taq I. Lanes
1, 4: NAT2*4/*6; lane 3: NAT2*6/*6; lanes 2, 5: NAT2*4/*4; M: 50
bp DNA Ladder; the fragments from up to down are 500, 300, 200,
150,100 and 50 bp.

M

As for NAT2, we analyzed interaction between NAT2
and environmental risk factors by case-only study. That is,
in the case group, both genotypes and environmental risk
factors were classified into two levels (0 and 1), then OR
and its 95% CI were calculated. However, we failed to find
any positive results. In addition, we applied case control
study design method as the above for NAT1 to analyze the
interaction between HBV infection and NAT1 or NAT2
genotypes. We found that there was no relationship between
NAT1 genotypes and HBV infection. After being stratified
by HBV infection, NAT2 genotypes were found to be
related to PLC, which suggested that HBV infection
interacted with NAT2 genotypes (Table 8). But it needed to
be verified because the sample in each level was very small.

DISCUSSION
As an important enzyme involved in the phaseII
biotransformation, NAT metabolically activates or
inactivates aromatic amines through acetylation. NAT has
two isozymes, NAT1 and NAT2. Both genes are located
on human chromosome 8p21.3 and 8p23.1 respectively,
and their coding area owns 87% homology.
To select a low incidence area of PLC in mainland China
as research field to analyze the relationship between NAT1
and NAT2 genetic polymorphisms and PLC is a new attempt.
We should explain that some of our cases had accepted

1

2

3

4

5

6

7

bp
3 000

1 031

500

Figure 5 RFLP product of NAT2 G857A site digested by BamHI.
Lanes 1, 4, 6: NAT2*4/*7; lane 5: NAT2*7/*7; lanes 2, 3, 7: NAT2*4/*4;
M: DNA Ladder Mix; the fragments from up to down are 3 000, 2 000,
1 500, 1 200, 1 031, 900, 800, 700, 600 and 500 bp.

chemotherapy or radiotherapy before our research.
Considering that genes are stable and not so changeable
genetic substances, and reports showed that the null GSTM1
genotype frequency of HCC patients were not affected by
chemotherapy or radiotherapy[10], we did not take into
account the effect of these two therapies on NAT genotypes.
In this study, the genotype frequencies of NAT1 and NAT2
in the control group fit the Hardy-Weinberg equilibrium
very well, suggesting that the study sample was good enough
to represent the source communities of Luoyang city.
Compared with relevant research in Taiwan [11], the
frequencies of NAT1*3 and NAT2*4 alleles are higher,
while frequency of NAT1*10 is lower in both groups than

Zhang XF et al. Polymorphisms of NAT genes and PLC
Table 7 Interaction between occupational exposure and NAT1*10
allele
Occupational NAT1*10
exposures

Cases

Controls

OR





51

124

1.00


+
+

+

+

11
15
7

34
15
5

0.79
2.43
3.40

95%CI

0.371.67
1.115.34
1.0311.22

2 = 8.42, P = 0.004.

Table 8 Interaction between NAT2 genotypes and HBV infection
HBV infection ()

HBV infection (+)

Genotypes
Cases

Controls

Cases

Controls

NAT2*4/*4
NAT2*4/*6

33
5

100
24

24
4

1
2

NAT2*4/*7
NAT2*6/*6
NAT2*7/*7

6
1
6

28
5
4

11
1
1

0
1
0

NAT2*6/*7

2

8

2

0

HBV infection (): 2 = 8.26, P = 0.143; HBV infection (+): 2 = 11.13, P = 0.049.

those of Taiwanese. In the control group, the frequency of
NAT2*6 is lower than those of Taiwanese. Other alleles
are commonly the same between the two ethnic groups.
This kind of similarity and difference suggest that NAT
genetic polymorphisms could be variable in the same race
but of different geographic areas.
Compared to other Chinese people, NAT1*3, NAT1*4
and NAT1*10 allele frequencies of Luoyang people showed
little difference, while NAT2*4 and NAT2*6 showed much
difference from them[12,13]. Compared to other ethnic groups
such as the whites, blacks or Japanese, the NAT1 and NAT2
alleles of Luoyang people are quite different[14-16]. This means
that different race or ethnic group owns different genetic
composition.
NAT1*10 has been verified to be associated with many
cancers and regarded as a high activity allele, whose
phenotype is rapid NAT1 acetylator. While few reports could
be found on PLC and NAT1 genetic polymorphism, Yu
et al [17] in Taiwan found that NAT1*10 is not associated
with PLC. Our result supports the same argument. Besides,
we found that those with NAT1*10 together with
occupational exposure has an increased risk of PLC, and
the OR is 3.40 (95%CI = 1.03-11.22). Although we failed
to find literatures to support this finding, many reports have
similar results when analyzing interactions between
NAT1*10 and some risk factors in different cancers. For
example, a six-fold of increased risk in colorectal adenoma
was found among rapid NAT1 acetylators (with NAT1*10
allele) who consume high temperature cooking of red meats
often and the OR is 6.50 (95%CI = 2.16-19.7)[18,19]. The
association of the NAT1*10 allele with breast cancer was mainly
confirmed to former smokers (OR = 3.3, 95%CI = 1.2-9.5).
All these suggest that NAT1 affect carcinogenic process
through some way.
In this study, we find that NAT2 genetic polymorphisms
are not susceptible to PLC. There are some arguments on
their relationship however. Bian et al [5] found that in PLC
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high incidence area of China, slow NAT2 acetylators had
an increased risk of PLC. Yu et al [17] investigated all the
HBV carriers in HCC cases and controls, finding that among
smokers, for those with NAT2*4/*4 genotype, the odds
ratio of developing HCC was 2.58 (95%CI, 1.04-6.43),
for those with NAT2*4 allele, the OR was 2.67 (95%CI,
1.15-6.22), so they concluded that rapid NAT2 acetylators
had an increased risk of HCC. Huang et al[20] in Taiwan did
not find association between the susceptibility of HCC and
the overall NAT2 genotypes. However, the interaction
between red meat intake and the NAT2*4 acetylator status
for an increased risk of HCC was significant in those with
chronic viral hepatitis-related cirrhosis. While Spanish
researchers found that slow NAT2 acetylators were
susceptible to HCC[21] , in Fujian Province of China, the
smokers with slow acetylation genotype of NAT2 were
found to be the population with high risk for HCC[22]. These
two conclusions are similar to that of Bian et al [5]. In our
study, slow acetylation genotype of NAT2 was not found
to be a risk factor of PLC in Luoyang city, NAT2 genotypes
did not interact with environmental risk factors. All of the
above results suggest that NAT2 gene may play different
roles in hepatocarcinogenesis between PLC high and low
incidence areas, mainland China and Taiwan, or among
different ethnic groups.
All of the different or similar findings lead to such
interpretations: First, NAT1 and NAT2 genetic polymorphisms
in low incidence area of PLC do have no association with
PLC. Second, different regional or ethnic groups have
different exposures to the environment, and the metabolism
of carcinogens also involves a number of other enzymes,
so it is impossible to explain the hepatocarcinogenesis by
only genetic polymorphism of one enzyme and its interaction
with environmental risk factors. Third, the sample of our
study is not big enough to reveal the real truth of the
relationship between NAT polymorphism and PLC.
Although most of our results were negative, our research
gained the argument from a whole new perspective that NAT1
and NAT2 genes are not negligible in hepatocarcinogenesis
study in different areas. Our study also revealed some new
questions that need further worthwhile examination.
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Abstract
AIM: In order to obtain lymphogenous metastasisassociated genes, we compared the transcriptional profiles
of mouse hepatocarcinoma cell lines Hca-F with highly
lymphatic metastasis potential and Hca-P with low
lymphatic metastasis potential.
METHODS: Total RNA was isolated from Hca-F and Hca-P
cells and synthesized into double-stranded cDNA. In vitro
transcription double-stranded cDNA was labeled with biotin
(i.e., biotin-labeled cRNA, used as the probe). The cRNA
probes hybridized with Affymetrix GeneChip® MOE430A
(containing 22 690 transcripts, including 14 500 known
mouse genes and 4 371 ESTs) respectively and the signals
were scanned by the GeneArray Scanner. The results
were then analyzed by bioinformatics.
RESULTS: Out of the 14 500 known genes investigated,
110 (0.8%) were up regulated at least 23 fold. Among
the total 4 371 ESTs, 17 ESTs (0.4%) (data were not
presented) were up regulated at least 23 fold. According
to the Gene Ontology and TreeView analysis, the 110
genes were further classified into two groups: differential
biological process profile and molecular function profile.
CONCLUSION: Using high-throughput gene chip method,
a large number of genes and their cellular functions about
angiogenesis, cell adhesion, signal transduction, cell
motility, transport, microtubule-based process, cytoskeleton
organization and biogenesis, cell cycle, transcription,
chaperone activity, motor activity, protein kinase activity,
receptor binding and protein binding might be involved in
the process of lymphatic metastasis and deserve to be
used as potential candidates for further investigation.
Cyclin D1, Fosl1, Hsp47, EGFR and AR, and Cav-1 are

selected as the possible candidate genes of the metastatic
phenotype, which need to be validated in later experiments.
ESTs (data were not presented) might indicate novel
genes associated with lymphatic metastasis. Validating
the function of these genes is helpful to identify the key
or candidate gene/pathway responsible for lymphatic
metastasis, which might be used as the diagnostic markers
and the therapeutic targets for lymphatic metastasis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Metastasis is the major cause of cancer morbidity and
mortality[1] . Metastasis formation is a complex process,
involving invasion, transport, arrest, adherence, extravasation
and tumor cell proliferation[2]. High-throughput methods
are needed to display the molecular changes involved in
this complicated series of steps. Recent development of
cDNA microarray technology has opened a new era in this
field[3]. It can provide massive datasets simultaneously. Except
this, suitable models for cancer metastasis are necessary
for analysis of mechanisms[4]. Because majority of malignant
tumors are carcinomas and lymph node metastases often
represent the first step in the metastatic process, whereas
the molecular mechanism of lymphatic metastasis remains
poorly understood, the clones of lymphatic metastasis are
prone to be established. A mouse hepatocarcinoma cell line
named Hca-F with highly lymphogenous metastatic potential
and its syngeneic cell line named Hca-P [5] with low
lymphogenous metastatic potential have been isolated from
hepatocarcinomas in mice. Using gene chip combination
with lymphatic metastasis models, we investigated the
transcriptional profiles of the mouse hepatocarcinoma cell
lines Hca-F with a metastasis rate over 70% and its syngeneic
cell line Hca-P with a metastasis rate less than 30% in order
to identify lymphatic metastasis-associated genes. Although
several metastasis-associated genes have already been
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screened with these two cell lines using suppression
subtractive hybridization method, we decided to detect the
expression profiles of cell lines Hca-F and Hca-P using
Affymetrix Genechip® array technology in purpose of
extending the panel of candidate genes.

MATERIALS AND METHODS
Animals and cell lines
Hepatocarcinoma cell lines, Hca-F and Hca-P were
established and stored by our department. Inbred 615-mice
were bred and provided by our department. Forty 615mice were equally divided into two groups. Hca-F and
Hca-P cells were inoculated into 20 mice in each group
respectively (2×10 6 cells per mouse). On the 28th d after
inoculation, mice were killed and their lymph nodes were
collected and stained using HE and examined by light
microscope. Then the lymph node metastasis rates of Hca-F
and Hca-P cell lines were calculated and tested.
RNA collection and probe preparation for oligonucleotide array
hybridization
Total RNA was isolated from Hca-F and Hca-P cells
respectively using TRIzol reagent (Invitrogen Life
Technologies, P/N 15596-018) and cleaned with Rneasy
Mini Kit (Qiagen, P/N 74104). cDNA was synthesized using
the T7-Oligo(dT)24 primer (5’-GGCCAGTGAATTGT
AATACGACTCACTATAGGGAGGCGG-(dT) 24-3’).
Double-stranded cDNA was purified with Phase Lock Gel
(Eppendorf, P/N 0032 007.953)-phenol/chloroform
extraction (Ambion, P/N 9732). Then in vitro transcription
labeling was performed using the Enzo RNA Transcript
Labeling Kit (Affymetrix, P/N 900182). The biotin-labeled
cRNA was purified with the Qiagen Rneasy Mini Kit and
fragmented randomly to an average size of approximately
50-200 bases by mild alkaline treatment at 94 ℃ for 35 min
in fragmentation buffer. The hybridization solution was
composed of 0.05 g/L fragmented cRNA, 1 L herring
sperm DNA, 1 L acetylated BSA and 50 L 2×
hybridization buffer. In addition, the hybridization solution
contained a mixture of four control cRNAs for bacterial
and phage genes (bioB, bioC, bioD and cre at 5, 5, 25 and
100 pmol/L, respectively) to serve as comparison tools for
hybridization efficiency between arrays. A biotinylated
oligonucleotide B2, which specifically hybridized to features
at the center and corners of the chip, was also added to the
solution to allow correct orientation and recognition of the
probe sets.
Array hybridization and scanning
The hybridization cocktail was heated to 99 ℃ for 5 min in
a heat block, followed by a 45 ℃ heat block for 5 min and
centrifugation for 5 min to remove any insoluble material.
Meanwhile, the arrays were wet with appropriate volume
1× hybridization and incubated by 1× hybridization buffer
at 45 ℃ for 10 min with rotation. The buffer solution was
then removed from the probe array and the clarifiedhybridization cocktail was added. Fragmented cRNA (5 g)
was hybridized to Affymetrix MOE430A array (containing
22 690 transcripts, almost 14 500 known genes and 4 371
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ESTs) for 16 h in Affymetrix®Fluidics Station 400. The
arrays were then scanned using the GeneArray Scanner
(G2500AgeneArray Scanner, Affymetrix). The cRNA probe
was first hybridized to a “test chip” before to the MOE430A
array and the quality was confirmed.
Statistical analysis
The data obtained through GeneChip® scanning was
analyzed using Affymetrix® Microarray Suit Software 5.0[6,7].
Before the two arrays were compared, the GeneChip®
software conducted normalization and scaling of the data
for each array. The mRNA expression level of a transcript
is directly related to the signal which is a quantitative metric
calculated for each probe set and measures the mean
difference of fluorescence intensity between perfect match
and central mismatch oligonucleotides of a probe set. Signal
log ratio, which estimates the magnitude and direction of
change of a transcript when two arrays are compared, of
at least three (that indicates an increase of the transcript
level by 2 3-fold change), and changing P-value, which
measures the probability that the expression levels of a probe
set in two different arrays are the same or not, ≤0.05 (that
means the expression level in the experiment array is higher
than that of the baseline array) were used to select
differentially expressed genes. In the following, only upregulated genes were presented and the assignment “upregulated” refers to Hca-F in comparison with Hca-P.

RESULTS
The lymph node metastasis rates of Hca-F and Hca-P were
75% (15/20) and 25% (5/20), respectively. The quality of
GeneChip® was tested and verified by the positive controls
of murine housekeepers -actin and GAPDH and externally
positive controls of spiked bacterial bioB, bioC, bioD and
cre (Figure 1). Figure 2A, B indicate the scanning result of
real chip (Hca-F and Hca-P, respectively). Figure 3 indicates
the comparison of gene expression signal in cell line Hca-F
with Hca-P.
To identify genes associated with the lymphatic
metastasis, we analyzed the transcriptional profiles of 14 500
mouse genes and 4 371 ESTs from highly lymphatic
metastasis potential cell line Hca-F and low lymphatic
metastasis potential cell line Hca-P using the Affymetrix
GeneChip® array method. On the basis of the selection
criteria for up-regulated described above, 110 genes (132
transcripts) and 17 ESTs (21 transcripts) (data were not
presented) were obtained. The results about differentially
expressed genes are presented in Table 1.
Genechip TEST3

Figure 1 Scanning result of test chip.
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IL24

Interleukin 24

5.9

Daf1

Decay accelerating factor 1

5.9

Cav

Caveolin, caveolae protein

5.8

Arhgef3

Rho guanine nucleotide
exchange factor (GEF) 3

Efna1

Ptpn8

gb: D38146

5.7

gb: BC002046

4.2

Protein tyrosine phosphatase,
RAB3B, member RAS oncogene family

5.6

1190003K14Rik

RIKEN cDNA 1190003K14 gene

5.6

SH3-domain binding protein 5
(BTK-associated)

Fscn1

(Strongylocentrotus purpuratus)
4.2

gb: NM_007984 1448378_at

3.7

Fgf15

Fibroblast growth factor 15
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Ehox

ES cell derived homeobox containing gene
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Ankrd1

Ankyrin repeat domain 1 (cardiac muscle)
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Figure 3 Comparison of gene expression signal in Hca-F cell line
with that in Hca-P cell line.
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Fascin homolog 1, actin bundling protein
gb: NM_007984 1416514_a_at
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non-receptor type 8

Figure 2 (A) Scanning result of real chip after hybridization with
cRNA from Hca-F cell line; (B) Scanning result of real chip after
hybridization with cRNA from Hca-P cell line.
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gb: NM_013468

5.3

gb: AK009959

3.6

1600023A02Rik

RIKEN cDNA 1600023A02 gene

5.3

Cd109

CD109 antigen

5.3

BC037006

cDNA sequence BC037006

5.3

Ltb4dh

Leukotriene B4 12-hydroxydehydrogenase

5.2

Krt2-7

Keratin complex 2, basic, gene 7

5.2

Cnn2

Calponin 2

5.2

Sema3b

Sema domain, immunoglobulin domain (Ig),
short basic domain, secreted, (semaphorin) 3B
gb: BB116052

5.1

gb: NM_009153

4.7

Krt1-18

Keratin complex 1, acidic, gene 18

5.1

…

Mouse gene for 18S rRNA

5.1

Fosl1

Fos-like antigen 1

Table 1 Differential gene expression profile in cell lines Hca-F vs
Hca-P
Gene

Symbol descriptions

Slc38a4

Solute carrier family 38, member 4
1

F vs P_Signal log ratio

gb: NM_027052

gb: AK003626
Krt2-8

9

gb: NM_010235

5

3.4

gb: U34245

4.4

Sncg

Synuclein, gamma

5

8.6

Col8a1

Procollagen, type VIII, alpha 1

4.9

Keratin complex 2, basic, gene 8
gb: M21836
gb: NM_031170

4.8

Pcdhb7

Protocadherin beta 7

4.9

Keratin complex 1, acidic, gene 19

7.4

Msln

Mesothelin

4.9

Cldn9

Claudin 9

7.4

IL23a

Interleukin 23, alpha subunit p19

4.9

Gja1

Gap junction membrane channel protein alpha 1

…

Mus musculus adult male tongue cDNA

4.8

gb: M63801

Ppp1r14a

Protein phosphatase 1, regulatory

Krt1-19

7.2

gb: BC006894

6.4

Fbp2

Fructose bisphosphatase 2

7.1

R75183

Expressed sequence R75183

Egfr

(inhibitor) subunit 14A

4.7

Csf3

Colony stimulating factor 3 (granulocyte)

4.7

Nfil3

Nuclear factor, interleukin 3, regulated

4.6
4.6

gb: BC004774

7

Procr

Protein C receptor, endothelial

gb: BB324973

5.5

Nr1d1

Nuclear receptor subfamily 1,

gb: AF275367

6.9

2810003C17Rik

RIKEN cDNA 2810003C17 gene

4.6

gb: U03425

3.6

MGC27770

Hypothetical protein MGC27770

4.5

group D, member 1

Epidermal growth factor receptor

4.6

Lepr

Leptin receptor

6.7

Eng

Endoglin

4.5

Tm4sf3

Transmembrane 4 superfamily member 3

6.5

F2r

Coagulation factor II (thrombin) receptor

4.5

Pla2g1b

Phospholipase A2, group IB, pancreas

6.4

Cdc42ep5

CDC42 effector protein

Ripk3

Receptor-interacting serine-threonine kinase 3 6.4

Igfbp4

Insulin-like growth factor binding protein 4

Piwil2

(Rho GTPase binding) 5
Pla2g7

gb: NM_010517

6.3

gb: BC019836 21423756_s_at

5.8

gb: BC019836 1423757_x_at

4.1

gb: AA119124

4

Piwi-like homolog 2 (Drosophila)

6.3

4.4

Phospholipase A2, group VII
(platelet-activating factor
acetylhydrolase, plasma)

D18Ertd653e

ERATO Doi 653, expressed
IL2rg

4.4

DNA segment, Chr 18,
Interleukin 2 receptor, gamma chain

4.4
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Chst1

Carbohydrate (keratan sulfate Gal-6)

4.3

Timp1

sulfotransferase 1
Tissue inhibitor of metalloproteinase 1

Amphiregulin

4.3

4921530G04Rik

RIKEN cDNA 4921530G04 gene

3.2

Melanoma cell adhesion molecule

4.2

Lxn

Latexin

3.1

Rtn2

Reticulon 2 (Z-band associated protein)

4.2

Gcnt2

Glucosaminyltransferase, I-branching enzyme 4.2

Sgk2
2310047E01Rik

Serum/glucocorticoid regulated kinase 2
RIKEN cDNA 2310047E01 gene

3.1
3.1

D7Ertd458e

DNA segment, Chr 7, ERATO Doi 458, expressed

2200002N01Rik

RIKEN cDNA 2200002N01 gene

3

gb: NM_009310

4.2

Ptpre

Protein tyrosine phosphatase, receptor type, E 3

gb: BB049138 1423904_a_at

4

Psmb8

gb: BC013673 1451160_s_at

4

Proteosome (prosome, macropain) subunit, beta
type 8 (large multifunctional protease 7)
3

gb: BB049138 1423905_at

3.9

Tm7sf1

Transmembrane 7 superfamily member 1

gb: BC013673 1423903_at

3.8

Chi3l3

Chitinase 3-like 3

4.1

D4Ertd765e

DNA segment, Chr 4,

Ptprr

Protein tyrosine phosphatase, receptor type, R 4.1

Scn8a

Sodium channel, voltage-gated, type VIII,

gb: L20048 1416296_at

4.3

gb: L20048 1416295_a_at

3.3

Smpd2

Sphingomyelin phosphodiesterase 2, neutral

Areg
Mcam

ERATO Doi 765, expressed

3.2
3.2

3

1
Accession number of each gene obtained from PubMed; 2 Affymetrix probe
identification number.

4.1

According to the Gene Ontology (GO) classification
and TreeView analysis, the genes are further divided into two
groups: differential biological process profile and molecular
function profile, as shown respectively in Tables 2, 3.
Biological process refers to a biological objective to which
the gene or gene product contributes. Molecular function
is defined as the biochemical activity (including specific
binding to ligands or structures) of a gene product[8].

alpha polypeptide

4

AXL

AXL receptor tyrosine kinase

4

Serpinh1

Serine (or cysteine) proteinase inhibitor,
clade H, member 1

4

Panx1

Pannexin 1

3.9

Tm4sf9

Transmembrane 4 superfamily member 9

3.9

Mak

Male germ cell-associated kinase

3.9

…

Mus musculus transcribed sequences

3.8

9130017N09Rik

RIKEN cDNA 9130017N09 gene

3.8

Loxl2

Lysyl oxidase-like 2

3.7

Dok1

Downstream of tyrosine kinase 1

3.6

Abhd3

Abhydrolase domain containing 3

3.6

Ramp3

Receptor (calcitonin) activity

Table 2 Differential biological process profile in cell lines Hca-F vs
Hca-P

3.6

Development

Fibp

Fibroblast growth factor (acidic)

modifying protein 3
intracellular binding protein
Wscr5

3.6

Williams-Beuren syndrome chromosome
3.6

Eppk1

Epiplakin 1

3.6

2010004A03Rik

RIKEN cDNA 2010004A03 gene

3.6

Itgb5

Integrin beta 5
gb: NM_010580 1417534_at

3.5

gb: NM_010580 1417533_a_at

3.3

Mlf1

Myeloid leukemia factor 1

3.5

Tnfrsf22

Tumor necrosis factor receptor
superfamily, member 22

3.5

Zdhhc2

Zinc finger, DHHC domain containing 2

3.5

Tnfaip2

Tumor necrosis factor, alpha-induced protein 2 3.4

Rrad

Ras-related associated with diabetes

3.4

A530090O15Rik RIKEN cDNA A530090O15 gene

3.4

Chi3l4

Chitinase 3-like 4

3.4

Tnfrsf19

Tumor necrosis factor receptor

Myo1b

gb: NM_010580 1417533_a_at 3.3

Mlf1

gb: NM_010580 1417534_at 3.5

3.4

Gja1

gb: BI080370

3.2

Tubulin, alpha 4

3.3

Myo1g

Myosin IG

3.3

Siat10

Sialyltransferase 10
(alpha-2,3-sialyltransferase VI)

3.3

6.4
7.2
3.4

Igfbp6

3.3

Egfr
Efna1

gb: M64403

3.2

gb: NM_007631

3.1

Sema3b gb: BB116052
gb:NM_009153
Igfbp4

5.1
4.7

Tm4sf9

3.9

gb: NM_010517

6.3
4

gb: AF275367

6.9

gb: AA119124

gb: U03425

3.6

gb: BC019836 1423756_s_at 5.8

gb: D38146

5.7

gb: BC002046

4.2

Eng

gb: BC019836 1423757_x_at 4.1

4.2

Itgb5

4.5

Cellular process
Cell communication
Cell adhesion
Mcam
Tm4sf9 3.9

gb: NM_010580 1417533_a_at 3.3
gb: NM_010580 1417534_at 3.5

D7Ertd
458e

3.4

Tuba4

gb: BC006894
gb:M63801

Tnfaip2

Myosin IB
gb: AI255256

Ccnd1

Morphogenesis

region 5 homolog (human)

superfamily, member 19

Itgb5

gb: BC013673 1423903_at 3.8

Col8a1

4.9

gb: BB049138 1423904_a_at 4

Eng

4.5

gb: BB049138 1423905_at 3.9

Pcdhb7

4.9

gb: NM_009310 4.2
gb: BC013673 1451160_s_at 4
Cell–cell signaling
Gja1

gb: BC006894

6.4

gb: M63801

7.2

Signal transduction

Nol3

Nucleolar protein 3
(apoptosis repressor with CARD domain)
tRNA splicing 2’ phosphotransferase 1
homolog (S. cerevisiae)

3.3

Tpt1h
Igfbp6
Ccnd1

Insulin-like growth factor binding protein 6
Cyclin D1

3.3
Dok1

3.6

Fgf15

5.4

gb: M64403
gb: NM_007631

3.2
3.1

Ptpre

3

Cdc42ep5

4.4

Ramp3

3.6

Sh3bp5

5.5

cDNA sequence BC003236
RIKEN cDNA 2010001C09 gene

3.2
3.2

Lepr

6.7

Ptprr

4.1

Eng

4.5

Ripk3

6.4

BC003236
2010001C09Rik

3.3

IL2rg

gb: L20048 1416295_a_at 3.3

Efna1

gb: L20048 1416296_at 4.3
Itgb5

gb: NM_010580 1417533_a_at 3.3

Egfr

gb: NM_010580 1417534_at 3.5

gb: BC002046

4.2

gb: D38146

5.7

gb: AF275367

6.9

gb: U03425

3.6
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F2r

4.5

R75183 gb: BC004774

Rrad

3.3

gb: BB324973

Rab3b

5.6

7

Nucleobase, nucleoside, nucleotide and nucleic acid metabolism

5.5

Nol3
Transcription
Fosl1

Cellular physiological process
Cell death
Ripk3

6.4

Nol3

3.9

Cnn2

5.2

D7Ertd458e gb: BC013673 1423903_at

3.3

Ramp3

3.6

Rab3b
Scn8a

5.6
4

Egfr
…

3.3
gb: AF275367
gb: U03425

Procr

4.6

F2r

4.5
3.4

6.4
7.2

4.1

Chi3l4

9

Csf3
F2r

4.7
4.5

Daf1
Gja1

3.4

IL24

5.9

5.8

Pla2g7

4.4

Procr

4.6

… Mus musculus
transcribed sequences

3.8

Psmb8

3

Chi3l3

4.1

Chi3l4

3.4

Csf3
F2r

4.7
4.5

Daf1
IL24

5.9
5.9

gb: BC006894

6.4

Krt2-8

gb: M63801

7.2

6.3

8.6

Pla2g1b
Psmb8

6.4
3

Tuba4

3.3

4.8

… Mus musculus

Krt2-7
Krt1-18

5.2
5.1

Myo1b gb: AI255256
gb: BI080370

3.4
3.2

transcribed sequences

3.9

Pla2g1b

6.4

3.2

Egfr

gb: NM_031170

gb: BC006894

5.9
6.4

gb: M63801

7.2

Response to stimulus

Gja1

Tua4
3.3
Cytoskeleton organization and biogenesis
gb: M21836

4.6

Chi3l3

gb: AA119124
4
gb: BC019836 1423756_s_at 5.8

Krt2-8

gb: BC006894
gb: M63801

Organismal physiological process

Microtubule-based process

7.4

5.3
3.6

Gja1

gb: BC013673 1451160_s_at 4

gb: NM_010517

gb: AK009959

3.8

AFFX-18SRNAMur/X00686_M_at 5.1gb: BC019836 1423757_x_at 4.1

Krt1-19

Ankrd1 gb: NM_013468

Coagulation
Procr

gb: AK003626

6.9
3.6

5
4.4

gb: NM_009310 4.2

Cav

Igfbp4

gb: NM_010235
gb: U34245

4.6

gb: BB049138 1423904_a_at 4
gb: BB049138 1423905_at 3.9

Slc38a4 gb: NM_027052

6.7

Nr1d1

Cell organization and biogenesis
Igfbp6

Lepr

Nfil3
4.6
Regulation of physiological process

Cell growth and/or maintenance
Transport
Tuba4

3.3

3.3

Cell motility
Tm4sf9
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gb: NM_031170

4.8

gb: M21836

8.6

Pla2g7
Serpinh1

4.4
4

3.8

Cell proliferation
Tm4sf9
Cell cycle
Ccnd1 gb: M64403
gb: NM_007631
Axl

3.1

gb: AF275367

6.9

gb: U03425

3.6

4

Regulation of cellular process
Igfbp6
3.3
Ramp3

Igfbp4

3.6

gb: NM_010517

6.3

Ramp3

3.6

4

Scn8a
Tptih

4
3.3

gb: BC019836 1423757_x_at 4.1
3.2

gb: NM_007631

3.1

Mlf1

3.5

Regulation of biological process
Regulation of cellular process
Igfbp6

3.3

Ramp3

3.6

gb: BC019836 1423756_s_at 5.8

gb: NM_010517

6.3

Sh3bp5

5.5

gb: BC019836 1423757_x_at 4.1
gb: AA119124
4

Regulation of physiological process
Gja1

gb: BC006894

6.4

gb: M63801

7.2

Scn8a
Nr1d1
Physiological process

4
4.6

Procr

4.6

Metabolism
Pla2g1b
Psmb8

6.4
3

Fbp2
7.1
Protein metabolism/phosphorus metabolism
A530090O15Rik
3.4
Axl
Ccnd1
Krt2-8
Ptpre
Ripk3

4.4
3.1
3.3
4

gb: M64403
gb: NM_007631
gb: M21836

3.2
3.1
8.6

Egfr

gb: AF275367
gb: U03425

Mak

6.9
3.6
3.9

gb: NM_031170

4.8
3
6.4

Ptpn8
Ptprr
Sgk2

5.6
4.1
3.1

3.4
9

Rab3b

5.6

3.6

Cldn9

7.4

Col8a1
Tuba4

4.9
3.3

Krt1-19
Krt2-7

7.4
5.2

4.8

Krt1-18

5.1

gb: M21836
Chaperone activity

8.6

Serpinh1
Motor activity

4

Sncg

5

Myo1b gb: BI080370
gb: AI255256
Catalytic activity

3.2
3.4

Myo1g

3.3

4.2
3.2
5.2

Siat10
Loxl2
2310047E01Rik

3.3
3.7
3.1

6.4
3.6

Smpd2
Ptpn8

4.3
5.6

3
3.4
3.4

Chi3l3
Rab3b
Ptprr

4.1
5.6
4.1

Pla2g7
Psmb8
Kinase activity

4.4
3

Fbp2

7.1

Ccnd1 gb: M64403
gb: NM_007631
A530090O15Rik

3.2
3.1
3.4

Krt2-8

gb: NM_031170
gb: M21836

4.8
8.6

Egfr

gb: AF275367

6.9

Hydrolase activity
Pla2g1b
Abhd3
Pla2g7
2310047E01Rik

gb: NM_027052

Eppk1

Gcnt2
Chst1
Ltb4dh

Behavior

Slc38a4 gb: AK003626

Structural molecule activity

Krt2-8 gb: NM_031170
Igfbp4

6.4
7.2

gb: AA119124

Cell differentiation
gb: M64403

Transporter activity
Gja1 gb: BC006894
gb: M63801

gb: BC019836 1423756_s_at 5.8

Ccnd1

Table 3 Differential molecular function profile in cell lines Hca-F vs
Hca-P

Ptpre
Rrad
Chi3l4

Protein-tyrosine kinase activity
Sgk2

3.1
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gb: U03425

3.6

Ripk3
6.4
Transmembrane receptor protein kinase activity
Egfr

gb: AF275367

6.9

gb: U03425

3.6

Protein serine/threonine kinase activity
Sgk2
3.1
Axl

4

Ripk3

6.4

Transferase activity
A530090O15Rik
Ccnd1 gb: M64403

Egfr

3.2
4.8

gb: M21836

Sh3bp5
1600023A02Rik
Binding

gb: U34245
Nr1d1

Ramp3

4

Tnfrsf22
IL2rg

gb: AF275367

6.9

gb: U03425

3.6

Gcnt2
Mak
Ripk3

6.4

Siat10

3.3

Lxn

3.1

3.1

Timp1

3.2

5.5

Cd109

5.9

5.3

Serpinh1

4

5

Ankrd1 gb: NM_013468

4.3
4.6

gb: AK009959

5.3
3.6

Smpd2

4.3

Scn8a
Pcdhb7

4
4.9

2810003C17Rik

4.6

Loxl2

3.7

Zdhhc2

3.5

Nucleotide binding

gb: U03425

Axl
Krt2-8

3.6

gb: NM_031170
gb: M21836

4
4.8
8.6

Mak

3.9

Rab3b

5.6

Myo1b gb: BI080370
gb: AI255256

3.2
3.4

Ripk3
Rrad

6.4
3.4

Scn8a

4

Sgk2

3.1

Tuba4

3.3

Receptor binding
Areg

4.3

Csf3

4.7

Dok1

3.6

Fgf15

5.4

Il24

5.9

Pla2g1b

6.4

5.3

Ccnd1

Protein binding
Ankrd1 gb: NM_013468
gb: AK009959
Cav
Col8a1
D7Ertd458e

Itgb5

3.6
5.8
4.9

gb: M64403
gb: NM_007631

Cdc42ep5
Eng

3.1
4.4
4.5

Fibp

gb: NM_009310 4.2
gb: BC013673 1451160_s_at 4
gb: NM_010580 3.5

IL2rg gb: L20048 1416295_a_at 3.3
gb: L20048 1416296_at 4.3
Igfbp6
3.3

gb: NM_010580

3.3
3.3
4.6

Rab3b
5.6
Sh3bp5
5.5
Fscn1
gb: NM_007984 1416514_a_at 5.4
gb: BE952057
4.2
gb: NM_007984 1448378_at 3.7

gb: AF275367
gb: U03425

3.2

gb: BC013673 1423903_at 3.8
gb: BB049138 1423904_a_at 4
gb: BB049138 1423905_at 3.9

Nol3
Procr

Egfr

6.9
3.6
3.6

Lepr
Pcdhb7
Ptpre

6.7
4.9
3

Rrad
Tnfrsf22
Myo1b gb: BI080370

3.4
3.5
3.2

gb: AI255256
Cnn2

3.4
5.2

Chi3l4

3.4

Carbohydrate binding
Chi3l3
4.1
Signal transducer activity

F2r

Number 10
6.4

gb: NM_010580.1 3.5
gb: NM_010580.1 3.3

gb: BB049138 1423904_a_at 4

Nr1d1

4.6

gb: BB049138 1423905_at 3.9
gb: NM_009310 4.2

Procr
Ptpn8

4.6
5.6

gb: BC013673 1451160_s_at 4

Ptprr

4.1

Tnfrsf19

3.4

3.6

3.5
Lepr
gb: L20048.1 1416295_a_at 3.3 Egfr

gb: AF275367.1

6.7
6.9

gb: L20048.1 1416296_at 4.3

gb: U03425.1

3.6

4.5

4.2
3.9

8.6

3.4
6.9

Itgb5

6.9

6.4

A530090O15Rik
Egfr
gb: AF275367

4

3.6

5.2
3.1

Ltb4dh
2310047E01Rik

Ripk3

gb: AF275367

Metal ion binding
Pla2g1b

3.6

Receptor activity
Axl

gb: U03425

Nucleic acid binding
Fosl1 gb: NM_010235

Dok1

3.9

3.1

Enzyme regulator activity
Ccnd1 gb: M64403
3.2
gb: NM_007631

Egfr

3.2

Chst1
Krt2-8 gb: NM_031170
Sgk2

Mak

Axl

3.1
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D7Ertd458e gb: BC013673 1423903_at 3.8

3.4

gb: NM_007631
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DISCUSSION
We used an Affymetrix GeneChip® MOE430A to
identify lymphatic metastasis-associated genes in two
hepatocarcinoma cell lines with different lymphatic
metastasis potential. Based on the selection criteria for upregulated expression discussed in “MATERIALS AND
METHODS”, 110 differential genes were observed in the
highly lymphogenous metastatic cell line. The over expressed
genes were then classified according to the GO classification
and TreeView analysis.
In the category development, we found three genes
associated with angiogenesis: endoglin (EDG; CD105),
ephrin A1 and Tnfaip2. Tumor angiogenesis plays an
important role in tumor growth and metastasis[9] and certain
angiogenesis markers may be useful as metastasis markers
and/or the targets for antiangiogenic therapy[10]. EDG was
thought to be a proliferation-associated antigen of endothelial
cells and essential for angiogenesis. Elevated serum EDG
was associated with metastasis in patients with colorectal,
breast, and other solid tumors and chemotherapy exerts a
suppression effect on the serum EDG[11,12]. In endometrial
carcinoma, EDG counts correlated significantly with the
presence of angiolymphatic invasion, lymph nodes metastasis
and tumor stage[9]. Ephrin-A1, formerly called B61, was
found to be up-regulated during melanoma progression and
implicated in angiogenesis[13,14] . Tnfaip2 (B94), originally
identified as a tumor necrosis factor alpha-inducible gene
in endothelial cells, was highly expressed in marrow from
patients with acute myelogenous leukemia French-AmericanBritish subtypes M0-M2[15], but its correlation with metastasis
requires to be elucidated.
Adaptation of cell adhesion functions of the tumor cells
to successfully overcome the different hurdles in the
metastatic cascade is a prerequisite for metastasis[16] . We
noted up-regulation of MCAM (CD146; Mel-CAM;
Muc18) in Hca-F cell line. Mcam, a member of the
immunoglobulin superfamily and homologous to several cell
adhesion molecules, was associated with tumor progression
and the development of metastasis in human malignant
melanoma and also was an important determinant in
increasing metastasis of human prostate cancer LNCaP cells
to distant organs in a nude mouse model[17-19]. We also noted
over expression of integrin 5, Col8A1 (procollagen, type
VIII, alpha 1) and Pcdhb7 (protocadherin beta) in the
Hca-F cell line.
In the category signal transduction, we observed up-
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regulation of Cdc42ep5 (CEP5; Borg3), Rab3b, Lepr (leptin
receptor), Ptprr (protein tyrosine phosphatase, receptor type,
R) and F2r (coagulation factor II (thrombin) receptor; Par1;
ThrR). Cdc42ep5, one member of CEPs which acts
downstream of Cdc42 to induce actin filament assembly
leading to cell shape changes, induced pseudopodia formation
in NIH-3T3 fibroblasts[20]. In tumor, it might promote the
ability of invasiveness and metastasis. In the highly
lymphogenous metastatic pancreatic carcinoma cell line
BSp73-ASML, the ras-related rab proteins and protein
tyrosine phosphatases were all over expressed[16]. Lepr
positive correlated significantly with distant metastasis and
lower survival in breast cancer[21]. F2r, protease-activated
receptor 1, a G protein-coupled receptor for thrombin, was
shown to be preferentially expressed in highly lymphogenous
metastatic pancreatic carcinoma cell line BSp73-ASML[16]
and correlated with breast carcinoma cell invasion and
metastasis[22,23]. Booden et al [24] also reported that altered
trafficking of proteolytically activated PAR1 (F2r) caused
sustained activation of phosphoinositide hydrolysis and
extracellular signal-regulated kinase signaling, even after
thrombin withdrawal, and enhanced breast carcinoma
cellular invasion.
The ability to locomote and migrate is fundamental to
the acquisition of invasive and metastatic properties by
tumor cells[25]. D7Ertd458e (necl-5), one of the five nectinlike molecules (necls), which have domain structures similar
to those of nectins, has recently been identified and appears
to play different roles from those of nectins. Experiments
showed that enhanced motility and metastasis of V12RasNIH3T3 cells (NIH3T3 cells transformed by an oncogenic
Ki-Ras) were at least partly the result of up-regulated Necl-5,
which does not homophilically trans-interact, but
heterophilically trans-interacts with nectin-3, regulates cell
migration and adhesion[26,27].
In the category transport, Slc38a4 was detected to
overexpress in the highly metastatic cell line. Recent work
has considered SLC38 transporters as therapeutic targets
in neoplasia[28] . Although to date Slc38a4 has not been
reported to be correlated with tumor metastasis straightly,
the member of the solute carrier family SLC35, which
encodes nucleotide sugar transporters, has been shown to
be involved in tumor metastasis[29] and SLC16 and SLC2
were up-regulated in highly lymphogenous metastatic
pancreatic carcinoma cell line BSp73-ASML[16]. Meanwhile,
the reason Slc38a4 deserves further attention is that it differs
most in our study.
The state of tubulin polymerization associates with tumor
metastasis and increased depolymerized form of tubulin
could promote metastasis. We noted Tuba4 over expression
in Hca-F cell line. Changes in the expression of genes for
the cytoskeleton organization and biogenesis mediate
adaptation to increased motility and invasion of the
metastatic tumor cell[16]. Krt1-19 (keratin 19), Krt1-18
(keratin 18), Krt2-7 (keratin 7) and Krt2-8 (keratin 8) were
up regulated in the highly metastatic cell line Hca-F.
Expressive changes of these genes have been reported to
be correlated with the invasive and metastatic phenotype[16,30].
A remarkable feature in our study is the increased steady
state level of the mRNA for cyclin D1 in the category cell
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cycle. Cyclin D1 is a nuclear protein that plays an important
role in regulating the cell cycle by promoting entry of cells
from the G1 to S phase due to interaction with its catalytic
partner cdk4 or with the extradiol receptor. Over expression
of cyclinD1 was associated with the liability of lymph node
metastasis and the poor prognosis for patient with laryngeal
squamous cell carcinoma, esophageal carcinoma, mammary
infiltrating duct carcinoma, oral squamous cell carcinoma
and papillary thyroid carcinoma[31-35]. mRNA for cyclin D1
was also found to be over expressed in lymph node
metastases of breast carcinoma by comparison of gene
expression profiles with their primary counterparts[36].
In the category transcription, we observed another
feature of our system, i.e., the increased expression of Fosl1
(Fra1; fra-1). Fosl1 encodes a transcription factor, which
was found over expressed in highly aggressive breast
carcinoma cell lines and lymphogenous metastatic pancreatic
carcinoma [16,37]. It was reported that Fosl1 induces
transformation and invasiveness of human epithelial
adenocarcinoma cells[38]. In addition, we identified upregulation of NR1D1, a member of the orphan receptor
superfamily. It was coexpressed with ERBB2 in 34 breast
cancer biopsies and also mapped within the same
chromosomal location as the ERBB2 gene[39].
In the present study, we found over expression of heatshock protein Serpin h1 (HSP47) and SNCG (persyn; breast
cancer-specific protein 1) in the category chaperone activity.
HSP47 is a stress-inducible glycoprotein of M r 47 000
molecular weight and is assumed to be a collagen-specific
molecular chaperone. Tumor cell lines, which were derived
from metastatic carcinomas and were still metastatic in
animals, synthesized higher levels of HSP47[40]. SNCG, the
third member of a neuronal protein family synuclein, is a
new chaperone protein in the Hsp-based multiprotein
chaperone complex for the stimulation of ligand-dependent
ER-alpha signaling and thus stimulates hormone-responsive
mammary tumorigenesis, and is also highly associated
with breast or ovarian cancer progression[41]. In addition,
aberrant SNCG gene expression can occur via CpG island
demethylation, and tends to occur during the more progressive
stages of gastric carcinogenesis[42].
The motor activity of tumor cell plays an important
role in invasiveness and metastasis. Our results revealed
the up-regulation of Myosin IB and Myosin IG which are
two members of the myosin I family of motor proteins.
Myosins are a large family of structurally diverse motor
proteins. Each myosin utilizes energy from ATP hydrolysis
to generate force for indirectional movement along actin
filaments[43]. It has been reported that myosin VI, a motor
protein that regulates border cell migration, was abundantly
expressed in high-grade ovarian carcinomas but not in
normal ovary and ovarian cancers that behave indolently.
Inhibiting myosin VI expression in high-grade ovarian
carcinoma cells impeded cell spreading and migration in vitro[44].
Another hallmark of our system is the overexpression
of mRNAs coding for kinase activity, such as Sgk2, AXL,
Mak and EGFR. EGFR belongs to the family of type I
receptor tyrosine kinase. Over expression of EGFR often
correlates with an aggressive tumor phenotype and poor
prognosis[16,45-49]. AXL, another member of a family of
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receptor tyrosine kinases, has been described to act as a
mitogenic factor along with its ligand Gas-6 and has also
shown to have a role in apoptosis, cell adhesion, and
chemotaxis. There was a significant increase in the steadystate levels of Axl or its mRNA in a variety of cancers.
Meanwhile, in colon cancer Axl receptor tyrosine kinase
was expressed highly in a peritoneal metastatic nodule than
in primary malignant tissues and in papillary thyroid
carcinomas solid component and invasive front tended to
over express Axl[50-54]. These indicated that Axl might be
related to the tumorigenesis and tumor progression. Sgk, a
serine/threonine protein kinase, was found up-regulation
in the tumorigenic HeLa cells compared to nontumorigenic
HeLa cells which came from fusion of tumorigenic HeLa
cells with human skin fibroblasts [55]. Male germ cellassociated kinase (Mak) was shown to be up-regulated in
prostate cancer cell lines than those of normal prostate
epithelial cells[56].
In the category binding, Loxl2 gene expression was up
regulated. Loxl2, a copper-containing amine oxidase, belongs
to the LOX family which functions as extracellular matrix
modulating enzyme. LOX and LOX family members
LOXL2, LOXL3, and LOXL4 were observed only in breast
cancer cells with a highly invasive/metastatic phenotype but
not in poorly invasive/nonmetastatic breast cancer cells[57].
We also found Areg (AR) over expressed in the highly
metastatic hepatocarcinoma cell line. Areg is one of the
ligands of EGFR. Concomitant presence of the EGF
receptor and its ligands EGF, TGF-alpha, and/or
amphiregulin Areg is associated with enhanced tumor
aggressiveness and shorter postoperative survival[16,58-60] .
EGF and AR might modulate invasion by increasing the
expression of MMPs [61] or stimulating directional
(chemotactic) and/or random (chemokinetic) motility in
malignant cells[62]. In addition, the mRNA for caveolin (Cav;
Cav-1) was up regulated in the highly metastatic cell line.
Cav-1 is a major structural component of caveolae of
plasma membranes. It was identified as a metastasis-related
gene and/or a worse prognostic predictor in prostate
carcinoma, renal cell carcinoma, esophageal squamous cell
carcinoma, lung adenocarcinoma and colorectal cancer[63-68].
Cav-1 was reported to be necessary for mediating filopodia
formation in lung adenocarcinoma, which may enhance the
invasive ability of cancer cells[67]. In an other study, caveolin-1
was shown to affect angiogenesis during the progression of
clear cell renal cell carcinoma[69].
Taken together, we found that the metastatic phenotype
of the highly metastatic mouse hepatocarcinoma cell line
Hca-F is accompanied by marked differences in its
transcriptional profile in comparison with the low metastatic
cell line Hca-P. A large number of genes and their cellular
functions, such as angiogenesis, cell adhesion, signal
transduction, cell motility, transport, microtubule-based
process, cytoskeleton organization and biogenesis, cell cycle,
transcription, chaperone activity, motor activity, protein
kinase activity, receptor binding and protein binding, might
be involved in the process of lymphatic metastasis and
deserve to be used as potential candidates for further
investigation. We selected cyclin D1, Fosl1, Hsp47, EGFR
and AR, and Cav-1 as the possible candidate/key genes of
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the metastatic phenotype, which needed to be validated in
later experiments. Besides these genes, several other genes
which have not been validated to contribute to enhanced
tumor metastatic properties straightly deserve further
attention, for example, Slc38a4 and Cldn9. ESTs (data were
not presented) might indicate novel genes associated with
lymphatic metastasis and also need attention. Our next work
is to identify the candidate genes/pathway responsible for
lymphogenous metastasis, because although a large number
of genes are associated with the metastasis, some of the
changes are believed to be the secondary events; the
expression changes as a result of metastasis rather than as
an initiator of the metastasis event[1]. The elucidation of
the candidate genes/pathway might not only provide useful
diagnostic markers for tumor lymphogenous metastasis, but
also more importantly, provide novel therapeutic targets.
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genotypes with OR = 0.17 and 0.21 respectively.
CONCLUSION: This study suggests that the GSTT1 gene
can modulate the colorectal cancer risk and vegetable/
fruit-related colorectal cancer risk, particularly in men of
no smoking history.
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Abstract
AIM: To investigate the colorectal cancer risk associated
with polymorphic GSTM1, GSTT1 and GSTP1 and the effect
of diet and smoking.
METHODS: With consents, genotypes of the genes were
determined using PCR methods for 727 cases and 736
sex and age-matched healthy controls recruited at a
medical center in the Northern Taiwan. Nurses who were
blind to the study hypothesis conducted interviews with
study participants for the information of socio-demographic
variables, diet and smoking.
RESULTS: There was no significant association between
GSTM1 genotypes and the disease. Men, not women, with
GSTT1 null genotype were at significant risk of colorectal
cancer, but limited to rectal tumor, and in men aged
60 years and less. The corresponding association with
the GSTP1 with G allele compared to GSTP1 A/A genotype
was at borderline significance. Compared to men with
GSTT1 present and GSTP1 A/A combined, men with both
GSTT1 null and GSTP1 with G allele genotypes were at
significant risk (odds ratio (OR) = 1.91, 95% confidence
interval (CI) = 1.21-3.02), also limited to the rectal tumor and
younger men. The beneficial effects of vegetable/fruit
intake on colorectal cancer were much higher for men
with GSTT1 present (OR = 0.32, 95%CI = 0.20-0.50) or
GSTP1 A/A genotypes (OR = 0.40, 95%CI = 0.25-0.64).
These effects remained significant for women. But, the
greatest protective effect from vegetable/fruit intake for
women was observed in those with GSTT1 null or GSTP1
with G allele genotypes. In addition, non-smoking men
benefitted significantly from combined effect of higher
vegetable/fruit intake and GSTT1 present or GSTP1 A/A

INTRODUCTION
Human glutathione S-transferase (GST) consists of four
main classes, alpha (A), mu (M), pi (P) and theta (T)[1] ,
involving in the detoxification of many electrophilic
compounds by conjugation reaction with glutathione[2]. Most
GST substrates are thought as xenobiotics or products of
oxidative stress, including polycyclic aromatic hydrocarbons
present in the diet or from tobacco smoke[2] . The GST
enzymes also conjugate isothiocyanates, potent enzyme
inducers, detoxifying mutagens[3] to glutathione and divert
them from the enzyme induction pathway to excretion[4,5].
Functional polymorphisms known in most studies are
GSTM1, GSTT1 and GSTP1[6-8]. The absence of GSTM1
and GSTT1 enzyme activity correlates with homozygosity
for deletions in these genes, termed the null genotype[6,7].
For GSTP1, a polymorphic Ile105Val (resulting from an A to
G substitution at base 1 578) has been found to modify the
enzyme’s activity and affinity for electrophilic substrates[8].
Studies have shown that higher levels of DNA damage are
associated with the GSTM1/T1 null genotype and GSTP1
with G allele[9,10].
Several studies have examined the relationship between
the GSTM1 null genotype and susceptibility to colorectal
cancer [11-15]. The first study by Zhong et al [16] found
significantly increased colon cancer risk associated with the
GSTM1 null genotype, particular for cancers of the proximal
colon. A significant risk for distal colorectal cancer was
observed later in a Japanese study[17]. Sgambato et al[15] also
reported strongest association between GSTM1 null genotype
and colon cancer and with a younger age (<60 years) of
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onset. Other studies failed to find similar associations[11-14].
Several studies also examined whether the GSTT1 null
genotype exhibition conferred susceptibility to colorectal
cancer[11-15]. Only the largest study[18] , with 252 cases and
577 controls, demonstrated an increased risk for the GSTT1
null genotype due to excess GSTT1 deletion for cases with
left colon and rectal cancer. Five studies examined the
GSTP1 A/G polymorphism for colorectal cancer. None
reported a significant association[11,12,19-21].
Differences in carcinogen metabolism might explain the
differences in cancer susceptibility especially as most cancers
are influenced by environmental factors[22]. Etiological studies
have attributed more than 85% of colorectal cancer to
environmental factors[23,24], particularly dietary factors[25] .
These dietary effects might be modulated by genetic
polymorphisms of the metabolic genes[26]. For instance, Lin
et al [27] found that the protective effect of broccoli for
colorectal adenoma was observed only among subjects with
the GSTM1 null genotype. Recent GST polymorphism
studies have focused on gene-environment interactions in
the occurrence of colorectal cancer[14,28-30]. Slattery et al [30]
reported that the beneficial effect of cruciferous vegetable
intake was stronger for subjects aged less than 55 years old,
with GSTM1 null genotype than with GSTM1 present
genotype.
Three studies linking these GST polymorphisms with
colorectal cancer for Chinese subjects[31-33] were limited to
small sample sizes or no control for potential confounders.
In addition, the incidence of colorectal cancer increased
2.6 folds in the past decade in Taiwan and dietary behavior
has changed by increasing meat consumption. The present
hospital-based case-control study examined the role of
polymorphisms of GSTM1, GSTT1 and GSTP1 genes in
colorectal cancer and their combined effects with environmental
factors such as meat consumption, cigarette smoking and
vegetable/fruit intake.

MATERIALS AND METHODS
Subjects
Detailed descriptions for the study participants have been
published previously[34]. In brief, the colorectal adenocarcinoma
cancer cases (n = 776) were newly diagnosed and histologically
confirmed at the Chang Gung Memorial Hospital between
January 1995 and January 1999. Patients with familial
adenomatous polyposis (n = 11), hereditary nonpolyposis
colorectal cancer (n = 18), or inflammatory bowel disease
and other malignancies (n = 20) were excluded from the
data analysis. Seven hundred and twenty-seven cases (94%)
were included (56.4% men) in this study. During the same
period, seven hundred and forty-seven subjects were
recruited as controls from the Physical Check-Up
Department for comprehensive health examinations
including colonoscopies matched by same age and sex. After
excluding individuals diagnosed with other colorectal diseases
(n = 5) and with a history of other cancers (n = 6), 736
controls (98%) were included (55.6% men) in this study.
Questionnaire
Professional nurses employed were trained to conduct
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interviews with all participants in the hospital prior to surgical
operations for cases and colonoscopies for the controls.
These nurses were blind to the study hypothesis regarding
diet, lifestyle and colorectal cancer. All interviews were
administered uniformly in the wards. The standardized
interview was conducted with informed consent using a
structured questionnaire covering socio-demographic
characteristics, lifestyle factors (including physical activities,
cigarette and alcohol use and coffee intake), dietary consumption
and medical history. The reliability (standardized Cronbach’s
alpha) of this questionnaire was 0.92 based on the lifestyle
and dietary variables. This interview took approximately
20 min to complete. Information on usual dietary intake
5 years preceding the date of diagnosis for the cases and
the date of selection for the controls was collected. The
intake frequency was categorized into six levels ranging from
never, less than once a month, 1-3 times a month, once
a week, 2-3 times a week to almost everyday.
Cigarette and alcohol use and coffee intake were
evaluated in both the amount and duration. Total cigarette
smoking and alcohol drinking were estimated in pack-years
and bottle-years using daily pack and bottle (600 mL)
consumption multiplied by the number of years respectively.
Because less than 10% of the subjects in our study had a
coffee intake habit (more than one cup of coffee per month),
coffee intake was estimated by status (“Yes” or “No”) rather
than total consumption.
Genotyping
WBC DNA was isolated from 10 mL whole blood using
standard procedures with sodium dodecyl sulfate (SDS)proteinase K-RNase digestion and phenol-chloroform
extraction. The extracted DNA was dissolved in Tris-EDTA
buffer to a concentration of 500 ng/L. The polymorphisms
were analyzed by polymerase chain reaction (PCR) assays
for GSTM1 and GSTT1 or combined with restriction
fragment length polymorphism (RFLP) assays for GSTP1
Ile105Val. All of the PCR reactions were performed in a
25 L final volume containing 200 ng of each primer,
100 ng genomic DNA, 1.5 mmol/L MgCl2, 200 mol/L
dNTPs and 1.0 unit of Taq DNA Polymerase in the buffer
provided by the manufacturer. Amplification was performed
in a Programmable Thermal Controller (MJ Research,
Waltham, MA) for the PCR reaction.
The multiple PCR used to detect the presence or absence
of the GSTM1 and GSTT1 genes was determined using
the following primers: GSTT1 (5’-TTCCTTACTGGTCCTCACATCTC-3’ and 5’-CACCGGATCATGGCCAGCA3’), GSTM1 (5’-TGCCCTACTTGATTGATGGG-3’ and
5’-CTGGATTGTAGCAGATCATGC-3’) and the internal
control, -globin (5’-CACAACTGTGTTCACTAGC-3’ and
5’-CAACTTCATCCACGTTCACC-3’). The PCR program
was a 5-min denaturing step at 94 ℃ followed by 30 cycles
of 30 s at 94 ℃, 30 s at 59 ℃ and 60 s at 72 ℃. Individuals
without intact GSTT1 or GSTM1 genes showed no
amplification of the 480 bp GSTT1 fragment or the 273 bp
GSTM1 fragment and a positive internal control[35]. The
GSTP1 A/G (Ile105Val) polymorphism was determined
using the following primers: sense, 5’-CCTCTCCCTTTCCTCTGTTC-3’; antisense, 5’-CAGGTGAGGGGGACATCT-
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3’. PCR program was a 5-min denaturing step at 95 ℃
followed by 30 cycles of 30 s at 94 ℃, 30 s at 55 ℃ and
30 s at 72 ℃. The 176 bp PCR product was digested with
Alw26I (New England BioLabs, Beverly, MA): the Val
allele was cut into 91 and 85 bp fragments (Ile allele not
digested)[36].
Statistical analysis
Food items were coded into three major groups: staples
(rice, noodles and instant noodles), meat (red meat and white
meat), and vegetables and fruits. Viscera fish and shrimp
were considered separate food items in the data analysis.
The consumption of each food item was scored from 1
for “almost ate every day” to 6 for “never ate”. The group
score was the total sum of scores from the intake frequency
for the individual food items. Because of etiological
differences between colon cancer and rectal cancer and
between men and women[37], all analyses in this study were
estimated separately by sex and cancer site. Most risk factors
were dichotomized into “Low” and “High” according to
the median of the controls in the data analysis. Only 4% of
the women were smokers and only 5.1% of women were
alcohol users. The risks for these two factors were therefore
calculated only for men.
Some unmatched cases occurred when we were unable
to interview an eligible control or controls who were eliminated
by the exclusion criteria. Unmatched controls also occurred
when cases with hereditary syndromes or other malignancies
were excluded. To make the use of information on unmatched
subjects, and because we had to break the matches due to
stratification by sex and tumor site, unconditional logistic
regression was used to control for the matching factor (age
as continuous variable) to identify potential risk factors.

1475

The odds ratio (OR) and the 95% confidence interval (CI)
were measured. A stepwise selection procedure was applied
to determine the covariates included in the final multivariate
models beginning with all dietary and non-dietary variables.
Multivariate unconditional logistic regressions were also
used to examine the association between the GSTM1,
GSTT1 and GSTP1 polymorphisms and risk for colorectal
cancer controlling for age and selected covariates. We
conducted interaction analyses on the basis of a multiplicative
scale. The likelihood ratio test was used to evaluate the
interaction between GST genes and cigarette smoking, meat
consumption and vegetable/fruit intake on the risk for
colorectal cancer. Analysis was also conducted separately
to observe the differences between age groups at diagnosis.
All analyses were performed using the SAS statistical package
(version 8.2 for Windows; SAS Institute, Inc., Cary, NC)
and all statistical tests were two-sided.

RESULTS
Overall, 410 men and 317 women with eligible colorectal
cancer cases and 409 male and 327 female controls were
included in this analysis. These four groups of subjects had
a similar average age of 60 years (Table 1). The stepwise
selection procedure produced six potential covariates,
including age, physical activity, coffee use, cigarette smoking,
drinking, and meat consumption associated with the disease
for men. The three potential risk covariates for women
included age, consumption of staples and meat. Vegetable/
fruit and fish/shrimp intakes had protective effect for both
men and women. The frequencies of the polymorphisms
for GSTM1, GSTT1 and GSTP1 genes were also presented
in Table 1. Only the GSTT1 null genotype was moderately

Table 1 Selected colorectal cancer case and control distribution by sex in Taiwan
Men

Women

Variable

Age (mean±SD, yr)
Colon/rectum, n
Physical activity
Coffee
Smoking
Never
Ex-smoker
Current
Alcohol drinking
Never
Ex-drinker
Current
High staple 4
High meat 4
High vegetable/fruit4
Fish/shrimp (almost everyday)
GSTM1 null
GSTT1 null
GSTP1
A/A
A/G
G/G

Cases
n = 410 (%)

Controls
n = 409 (%)

60.5±12.2
185/225
53 (14.1)
63 (16.5)

60.6±12.7

122 (31.3)
91 (23.3)
177 (45.4)

150 (36.7)
98 (24.0)
161 (39.4)

95 (23.2)
36 ( 8.8)

P1

<0.01
<0.01
0.18

0.01
186 (48.1)
17 (4.4)
184 (47.6)
NI 2
294 (71.7)
168 (44.7)
174 (46.3)
213 (52.2)
216 (52.9)

205 (50.1)
37 (9.1)
167 (40.8)

277 (67.9)
117 (28.7)
14 (3.4)

287 (70.2)
109 (26.7)
13 (3.2)

244 (59.7)
266 (65.0)
256 (62.6)
215 (52.7)
189 (46.3)

<0.01
<0.01
<0.01
0.89
0.06
0.78

Cases
n = 317 (%)

Controls
n = 327 (%)

60.2±13.6
167/150
NI 2
NI 2
NA 3

60.7±13.4

P1

NA 3

156 (49.2)
203 (64.0)
147 (50.2)
125 (42.8)
189 (60.0)
180 (57.1)

112 (34.3)
151 (46.2)
197 (60.2)
167 (51.1)
195 (60.0)
171 (52.6)

224 (71.3)
84 (26.8)
6 (1.9)

226 (69.5)
87 (26.8)
12 (3.7)

<0.01
<0.01
0.01
0.04
1.00
0.25
0.39

1 2 2
 ; Not included as covariates in the multiple logistic regression model; 3Not available for analysis; 4The cut-point of score using the median of the score distribution
among controls for high consumption of staple, meat and vegetable/fruit were <10, <5 and <3 respectively.
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(OR = 1.36, 95%CI = 0.98-1.89). Further stratified analysis
by tumor site and age at diagnosis showed that, male
individuals with the GSTT1 null genotype were at significant
risk for rectal cancer with OR = 1.55 (95%CI = 1.08-2.23)
and those diagnosed before 60 years old with OR = 2.03
(95%CI = 1.29-3.21) respectively. An increased risk for
GSTP1 with G allele was also observed in these subgroups.
However, the polymorphism of GSTM1 gene was not
associated with colorectal cancer even in the stratified
analysis.
The associations between these polymorphisms of GST
and the colorectal cancer risks in women were shown in
Table 3. No significant difference in proportions of GSTM1

higher in cases than in controls (0.55 vs 0.49, P = 0.06).
Because of the low frequency of the GSTP1 G/G genotype,
we combined heterozygous (GSTP1 A/G) and homozygous
(GSTP1 G/G) genotypes, as GSTP1 with G allele, to estimate
the cancer risk associated with the G allele.
The ORs of the polymorphisms of GSTM1, GSTT1
and GSTP1 for the colorectal cancer risks in men were
shown in Table 2. After controlling for covariates, the risk
for colorectal cancer was statistically significantly increased
by GSTT1 null genotype (OR = 1.45, 95%CI = 1.07-1.97),
compared to GSTT1 present genotype. A moderately
increased risk for colorectal cancer was also observed in
men with GSTP1 with G allele than those with A/A genotype

Table 2 Odds ratio (OR) and 95% confidence interval (CI) of the polymorphisms of GSTM1, GSTT1 and GSTP1 for colorectal cancer by age at
diagnosis and tumor site in men
GSTM1
Present

GSTT1
Null

Present

195/193

213/215

192/219

1.0

0.93 (0.68-1.26)

1.0

GSTP1
With G2

Null

A/A

216/189

277/287

131/122

1.0

1.36 (0.98-1.89)

Total population
Cases/Controls
OR (95%CI)1

1.45 (1.07-1.97)

Tumor site
Colon
Cases/Controls
OR (95%CI) 1
Rectum
Cases/Controls
OR (95%CI) 1

82/193

101/215

1.0

1.00 (0.67-1.48)

89/219
1.0

113/193

112/215

103/219

1.0

0.87 (0.61-1.25)

1.0

94/189

127/287

56/122

1.0

1.15 (0.75-1.76)

1.24 (0.83-1.83)

150/287

75/122

1.55 (1.08-2.23)

122/189

1.0

1.48 (1.00-2.18)

Age at diagnosis
≤60 yr
Cases/Controls

95/85

OR (95%CI) 1

101/79

124/129

63/56

1.0

0.86 (0.53-1.30)

92/100

86/106
1.0

2.03 (1.29-3.21)

1.0

1.45 (0.89-2.37)

100/108
1.0

121/115
1.03 (0.67-1.58)

106/113
1.0

115/110
1.12 (0.73-1.71)

153/158
1.0

68/66
1.34 (0.84-2.12)

>60 yr
Cases/Controls
OR (95%CI) 1

1
ORs and 95%CIs were estimated from multivariate unconditional logistic regressions controlling for age, physical activity, coffee, cigarette, alcohol, meat,
vegetable/fruit and fish/shrimp; 2 Combined genotype of A/G and G/G.

Table 3 Odds ratio (OR) and 95% confidence interval (CI) of the polymorphisms of GSTM1, GSTT1 and GSTP1 for colorectal cancer by age at
diagnosis and tumor site in women
GSTM1

Total population
Cases/Controls
OR (95%CI) 1
Tumor site
Colon
Cases/Controls
OR (95%CI) 1
Rectum
Cases/Controls
OR (95%CI) 1
Age at diagnosis
≤60 yr
Cases/Controls
OR (95%CI) 1
>60 yr
Cases/Controls
OR (95%CI) 1

GSTT1

GSTP1
A/A

With G 2

180/171
1.18 (0.85-1.64)

224/226
1.0

90/99
1.00 (0.70-1.43)

72/154
1.0

94/171
1.23 (0.82-1.84)

116/226
1.0

49/99
1.04 (0.67-1.60)

84/195
0.84 (0.56-1.27)

63/154
1.0

86/171
1.20 (0.79-1.81)

108/226
1.0

41/99
0.93 (0.60-1.46)

52/52
1.0

84/82
1.08 (0.63-1.85)

50/55
1.0

86/79
1.20 (0.71-2.05)

99/89
1.0

37/45
0.84 (0.48-1.47)

74/78
1.0

105/113
0.95 (0.61-1.46)

85/99
1.0

94/92
1.15 (0.75-1.76)

125/137
1.0

53/54
1.13 (0.71-1.80)

Present

Null

Present

126/130
1.0

189/195
0.99 (0.71-1.38)

135/154
1.0

61/130
1.0

105/195
1.19 (0.78-1.81)

65/130
1.0

Null

1
ORs and 95%CIs were estimated from multivariate unconditional logistic regressions controlling for age, sex, physical activity, coffee, cigarette, alcohol, meat,
vegetable/fruit and fish/shrimp; 2 Combined genotype of A/G and G/G.
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95%CI = 0.25-0.64). However, the beneficial effect of
high vegetable/fruit intake was attenuated for women with
the protective GSTT1 present or GSTP1 A/A genotypes.
The strongest protective effect from vegetable/fruit
intake was observed among women having GSTT1 null or
GSTP1 with G allele genotypes. The stratification analysis
also showed that the multiplicative protective effect was
also significant in the rectum and for younger men (data
not shown).
The combined effects of GSTT1 present or GSTP1
A/A genotypes, and vegetable/fruit intake on colorectal
cancer varied with smoking status (Table 6). Since very few
women were smokers (<5%); this stratification analysis by
smoking status was calculated only for men. The protective
effects of high vegetable/fruit consumption enhanced by
the GSTT1 present or GSTP1 A/A genotypes were
consistent and the association was robust, particularly for
non-smokers. The ORs for these joint effects were 0.17 (95%
CI = 0.07-0.42) for GSTT1 and 0.21 (95% CI = 0.09-0.52)
for GSTP1. There was no significant interaction between
meat intake and GST genes to the risk of colorectal cancer
(data not shown).

null, GSTT1 null and GSTP1 with G allele genotypes were
observed between cases and controls for all female subjects
and their subgroups by anatomical site and diagnosed age.
Men with more risk genotypes of GSTT1 and GSTP1
had higher risk than those without any risk genotypes (trend
test P<0.01) (Table 4). Compared to men with both GSTT1
present and GSTP1 A/A genotypes, those with either or
both GSTT1 null and GSTP1 with G allele genotypes had
1.4-fold (OR = 1.42, 95%CI = 1.01-1.99) and 1.9-fold
(OR = 1.91, 95%CI = 1.21-3.02) risk of colorectal cancer
respectively. A stronger risk of rectal cancer was seen for
men with both GSTT1 null and GSTP1 with G allele
genotypes (OR = 2.20, 95%CI = 1.28-3.78). The corresponding
effect on colorectal cancer for men aged less than 60 years at
diagnoses was even greater (OR = 3.05, 95%CI = 1.51-6.12).
However, these trends were not observed for women (data
not shown).
Table 5 demonstrated a multiplicative synergistic effect
for men and an antagonistic effect for women between the
GST genes (GSTT1 and GSTP1) and vegetable/fruit intake
on the colorectal cancer risk. The protective effect of high
vegetable/fruit consumption was enhanced for men with
GSTT1 present genotype (OR = 0.32, 95%CI = 0.21-0.50),
compared to men with GSTT1 null genotype and low
vegetable/fruit consumption. Similarly, the protective
effect for men was strongly associated with GSTP1 A/A
genotype and high vegetable/fruit consumption (OR = 0.40,

DISCUSSION
This is the first hospital-based case-control study with a
relatively large sample simultaneously examining the association

Table 4 Combined genotype of GSTT1 and GSTP1 on colorectal cancer risk by tumor site and age in men
GSTT1 / GSTP1
Present / (A/A)
Cases/Controls
Total population 2

Present /with G + null / (A/A)

OR (95%CI)

1

Cases/Controls

OR (95%CI)

Null /with G
1

Cases/Controls

OR (95%CI) 1

132/157

1.00

205/191

1.42 (1.01-1.99)

71/60

1.91 (1.21-3.02)

64/157

1.00

88/191

1.16 (0.75-1.79)

31/60

1.42 (0.79-2.55)

68/157

1.00

117/191

1.65 (1.09-2.50)

40/60

2.20 (1.28-3.78)

Tumor site
Colon
Rectum 2
Age at diagnosis

1

≤60 yr2

57/73

1.00

96/89

1.73 (1.04-2.89)

34/23

3.05 (1.51-6.12)

>60 yr

75/84

1.00

109/102

1.25 (0.78-2.02)

37/37

1.41 (0.75-2.64)

Adjusted for age, physical activity, coffee, cigarette, alcohol, meat, vegetable/fruit and fish/shrimp; 2Trend test P<0.01.

Table 5 Combined effects of GST genotypes and vegetable/fruit consumption on colorectal cancer risk
Men
Genotype

Women

Vegetable/fruit consumption
Cases

Controls

OR (95%CI)

1

Cases

Controls

OR (95%CI) 2

GSTT1
Null

Low

106

69

1.00

90

62

1.00

Present

Low

101

74

0.87 (0.55-1.36)

54

66

0.60 (0.36-0.98)

Null

High

110

120

0.57 (0.37-0.88)

90

109

0.47 (0.30-0.75)

Present

High

91

145

0.32 (0.20-0.50)

81

88

0.53 (0.33-0.85)

P for interaction

0.21

0.06

GSTP1
With G

Low

60

49

1.00

44

35

1.00

A/A

Low

147

94

1.09 (0.67-1.76)

99

93

0.84 (0.49-1.45)

With G

High

71

73

0.73 (0.43-1.25)

46

64

0.51 (0.28-0.94)

A/A

High

130

193

0.40 (0.25-0.64)

125

133

0.58 (0.34-0.99)

P for interaction
1

0.03

0.42

Adjusted for age, physical activity, coffee, cigarette, alcohol, meat, vegetable/fruit and fish/shrimp; 2Adjusted for age, staple, meat, vegetable/fruit and fish/shrimp.
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Table 6 Smoking specific risk for colorectal cancer for the combined effects of GST genotypes and vegetable/fruit consumption in men
Non-smokers
Genotype
GSTT1
Null
Present
Null
Present
P for interaction
GSTP1
With G
A/A
With G
A/A
P for interaction
1

Vegetable/fruit
consumption

Cases

Controls

Smokers
OR (95% CI)1

Cases

Controls

OR (95% CI)1

Low
Low
High
High

23
28
45
25

13
16
55
65

1.00
0.85 (0.33-2.21)
0.41 (0.18-0.96)
0.17 (0.07-0.42)
0.23

83
73
59
52

56
58
65
80

1.00
0.85 (0.51-1.41)
0.66 (0.39-1.11)
0.43 (0.25-0.73)
0.49

Low
Low
High
High

19
32
25
45

10
19
33
88

1.00
0.80 (0.30-2.15)
0.41 (0.15-1.10)
0.21 (0.09-0.52)
0.48

41
115
40
71

39
75
40
105

1.00
1.21 (0.69-2.12)
0.96 (0.49-1.88)
0.55 (0.31-0.98)
0.07

Adjusted for age, physical activity, coffee, alcohol, meat and fish/shrimp.

between GSTM1, GSTT1 and GSTP1 polymorphisms and
colorectal cancer risk for a Chinese population in Taiwan.
The results revealed an elevated risk for colorectal cancer
for men with GSTT1 null and GSTP1 with G allele
genotypes, particularly for rectal cancer and diagnosed
before 60 years old. We also found a very significant
protective effect for men with GSTT1 present or GSTP1
A/A genotypes and higher consumption of vegetable/fruit.
This combined effect reduces the risk for colorectal cancer
to 0.40 or less, even for smokers, and further to about 0.20
for non-smokers, suggesting that these metabolic genes can
modulate the risk of vegetable/fruit related colorectal cancer.
There is conflicting evidence concerning the role of GST
polymorphisms in colorectal cancer susceptibility. It might
be associated with the ethnic differences in allele frequency
for these polymorphisms[11]. Carcinogen exposures might
vary among populations with the pathogenesis for colorectal
cancer differing by tumor site. Moreover, inadequate study
design such as non-random sampling, limited sample size
and little attempt to adjust for potential confounders should
also be considered.
It seems unlikely that the GSTM1 null genotype could
predispose an individual to colorectal cancer because
GSTM1 is only expressed at low levels in the colon[38].
Conversely, GSTT1 and GSTP1 seem more likely
susceptibility gene candidates because they are the
predominant GST isoenzymes in colorectal tissue[38,39] and
are involved in the inactivation of heterocyclic amine[40] .
One previous publication on the GSTP1 A/G (Ile105Val)
polymorphism identified that subjects having GSTP1 with
G allele are at an elevated risk compared to those with the
A/A genotype (OR = 1.77, 95%CI = 1.03-3.06)[36]. However,
one of the Alpha class isoenzymes, GSTA1, abundant in
the human liver not colon, can also catalyze the detoxification
of N-acetoxy-PhIP[40,41] and increases the risk of colorectal
cancer[41]. Association between the polymorphism of GSTA1
and the risk of colorectal cancer for our subjects needed to
be clarified in our future study.
Our results support that GSTT1 and GSTP1 might have
a role in colorectal cancer susceptibility. The significant risk
of the GSTT1 null genotype for colorectal cancer in our
study might be due to the higher prevalence of GSTT1
null (49%) than in Caucasians (15-27%)[11]. Although the
frequency of the GSTP1 G allele in our controls (17%)

was lower than that in Caucasians (23-38%)[42] , the large
sample size enabled us to find a moderate relationship
between the GSTP1 with G allele and an increased risk of
colorectal cancer of men.
Consistent with other studies[37,43], this study also shows
that risk factors for colorectal cancer is different between
men and women in Taiwan. The GSTT1 null and GSTP1
with G allele genotypes were associated with increased risk
of colorectal cancer, particularly in younger men and rectal
cancer. The 2-fold increased risk of the GSTT1 null genotype
relative to the GSTT1 present genotype for colorectal cancer
in younger men is in line with other studies[15,19,44]. Studies
in human suggest that the detoxification potential of the
GST enzymes decreases with age[45]. It is possible that
individuals with the null genotype develop tumors at a
younger age than individuals that do express this enzyme.
This study showed a slightly stronger genetic effect for the
rectum over the colon. This was consistent with findings
from previous studies[17,18]. The risks associated with diet
tend to be the strongest in the distal colon for men[46].
Carcinogenesis within the distal colon has been associated
with bulky-adduct-forming (BAF) agents[47]. The GST
polymorphisms of reduced detoxification genotype might
thus more likely predispose the rectum rather than the colon
to cancer.
In studies on the combined effects of GST polymorphisms
and vegetable/fruit consumption on colorectal lesions, three
studies indicated that the high isothiocyanates content in
cruciferous vegetables enhances the cancer preventive effect
for humans with the GSTM1 or T1 null genotypes[27,28,30].
Potentially slower excretion of isothiocyanates induces GST.
Other studies have reported that people with lower levels
of enzyme activity (i.e., those with GSTM1 null genotype)
obtain less protection from consuming cruciferous
vegetables[48,49]. Our data showed that the greatest protective
effect from higher vegetable/fruit consumption was
observed for men with GSTT1 present or GSTP1 A/A
genotypes, but for women with GSTT1 null or GSTP1
with G allele genotypes. In addition, Lampe et al[50] reported
that brassica vegetables increased GSTA and GST activity
for the GSTM1 null individuals in a randomized clinical
tria. It is warranted to evaluate the gene-gene interactions
of the polymorphic GST genes and their interactions with
vegetables in further studies.
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Because cruciferous vegetables not only induce phase I
activating enzyme (e.g., cytochrome P4501A2 (CYP1A2))
and phase II inactivating enzyme (e.g., GST) expression
and isothiocyanates themselves are a GST substrate[51], the
delicate balance between phase I, phase II enzymes and
their regulators is undoubtedly an important determinant
for cancer risk. Although cigarette smoking seems not to
interact with GST genes to affect the colorectal cancer
risk [17,20,21,52], smoking can modify the association between
GSTM1, cruciferous vegetables and colon cancer[30]. Because
metabolizing enzymes can detoxify carcinogens in cigarette
smoke, cigarette smoking might play a role in the balance
of these enzymes and their regulators. Smoking might
modify this effect by reducing the benefit for approximately
30% for the study subjects. It has been proven that among
frequent consumers of cruciferous vegetables, smokers with
the GSTM1 null genotype have CYP1A2 activity 2-fold
over non-smokers with the GSTM1 present genotype[49] .
Subjects with elevated CYP1A2 activity might be predisposed
to colorectal cancer by activating heterocyclic amines and
other procarcinogens[53].
Because GSTT1 and GSTP1 are expressed at higher
level in colorectal tissue and were associated with colorectal
cancer risk in men, we postulate that people with the
genotype for higher detoxified enzyme activity and higher
vegetable/fruit consumption exhibit multiplicative synergistic
beneficial effect for reduced colorectal cancer risk. This
protective effect is extended for non-smokers without
enzyme activation or carcinogens exposure. On the other
hand, if the detoxifying enzymes were not related to
colorectal cancer risk, higher vegetable/fruit consumption
could exert their beneficial effect without being excreted by
metabolizing enzymes.
This study was limited by obtaining dietary information
retrospectively after diagnosis. We cannot exclude the effect
of early preclinical disease on the dietary habits in these
colorectal cancer cases. This effect might be negligible
because the difference in eating habit changes in the
previous 10 years among cases and controls was not
significant (P = 0.12). In addition, the similar interview
settings provided reassurance against potential information
bias. Other limitations arise from the questionnaire, which
included only the diet frequency for major food groups.
We could not assess the impact of potential carcinogens
derived from processed food or the effects of specific
macronutrient or micronutrient.
The strengths of our study are the inclusion of newly
diagnosed and histologically confirmed adenocarcinoma
colorectal cancer cases and using controls that received
colonoscopies. The possibility of misclassification is minimal.
This large sample size allowed stratified data analysis. The
observed environmental effects in the study population
agreed with other published studies[54] supporting the validity
of our results.
Our study results suggest that the GSTT1 null genotype
and the GSTP1 with G allele are potential risk alleles for
colorectal cancer for the Chinese male population, but of
beneficial effect for women with higher vegetable/fruit
intake. The beneficial effect of vegetable/fruit on colorectal
cancer is enhanced with GSTT1 present and GSTP1 A/A
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genotypes for both men and women, in particular for nonsmokers. Studies with specific vegetable types, related
metabolic enzymes and dietary regulators in different age
groups and tumor sites would help to clarify the association.

REFERENCES
1

2

3

4

5

6

7

8

9
10

11

12

13

14

15

16

Mannervik B, Awasthi YC, Board PG, Hayes JD, Di Ilio C,
Ketterer B, Listowsky I, Morgenstern R, Muramatsu M,
Pe a rso n W R. N ome nc l a tur e f or h uma n gl uta thi o ne
transferases. Biochem J 1992; 282(Pt 1): 305-306
Ketterer B. Protective role of glutathione and glutathione
transferases in mutagenesis and carcinogenesis. Mutat Res
1988; 202: 343-361
Prochaska HJ, Santamaria AB, Talalay P. Rapid detection of
inducers of enzymes that protect against carcinogens. Proc
Natl Acad Sci USA 1992; 89: 2394-2398
Zhang Y, Kolm RH, Mannervik B, Talalay P. Reversible conjugation of isothiocyanates with glutathione catalyzed by human glutathione transferases. Biochem Biophys Res Commun
1995; 206: 748-755
Kolm RH, Danielson UH, Zhang Y, Talalay P, Mannervik B.
Isothioc ya na tes as substra tes for human glutathi one
transferases: structure-activity studies. Biochem J 1995; 311
(Pt 2): 453-459
Seidegard J, Vorachek WR, Pero RW, Pearson WR. Hereditary differences in the expression of the human glutathione
transferase active on trans-stilbene oxide are due to a gene
deletion. Proc Natl Acad Sci USA 1988; 85: 7293-7297
Pemble S, Schroeder KR, Spencer SR, Meyer DJ, Hallier E,
Bolt HM, Ketterer B, Taylor JB. Human glutathione S-transferase theta (GSTT1): cDNA cloning and the characterization
of a genetic polymorphism. Biochem J 1994; 300(Pt 1): 271-276
Ali-Osman F, Akande O, Antoun G, Mao JX, Buolamwini J.
Molecular cloning, characterization, and expression in Escherichia coli of full-length cDNAs of three human glutathione Stransferase Pi gene variants. Evidence for differential catalytic activity of the encoded proteins. J Biol Chem 1997; 272:
10004-10012
Norppa H. Geneti c pol ymorphisms a nd c hromosome
damage. Int J Hyg Environ Health 2001; 204: 31-38
Gilliland FD, Harms HJ, Crowell RE, Li YF, Willink R,
Belinsky SA. Glutathione S-transferase P1 and NADPH
quinone oxidoreductase polymorphisms are associated with
aberrant promoter methylation of P16(INK4a) and O(6)methylguanine-DNA methyltransferase in sputum. Cancer Res
2002; 62: 2248-2252
Cotton SC, Sharp L, Little J, Brockton N. Glutathione S-transferase polymorphisms and colorectal cancer: a HuGE review.
Am J Epidemiol 2000; 151: 7-32
Seow A, Yuan JM, Sun CL, Van Den Berg D, Lee HP, Yu MC.
Dietary isothiocyanates, glutathione S-transferase polymorphisms and colorectal cancer risk in the Singapore Chinese
health study. Carcinogenesis 2002; 23: 2055-2061
Ye Z, Parry JM. Genetic polymorphisms in the cytochrome
P450 1A1, glutathione S-transferase M1 and T1, and susceptibility to colon cancer. Teratog Carcinog Mutagen 2002; 22:
385-392
Tiemersma EW, Ka mpman E, Bueno de Mesquita HB,
Bunschoten A, van Schothorst EM, Kok FJ, Kromhout D. Meat
consumption, cigarette smoking, and genetic susceptibility in
the etiology of colorectal cancer: results from a Dutch prospective study. Cancer Causes Control 2002; 13: 383-393
Sgambato A, Campisi B, Zupa A, Bochicchio A, Romano G,
Tartarone A, Galasso R, Traficante A, Cittadini A. Glutathione
S-transferase (GST) polymorphisms as risk factors for cancer
in a highly homogeneous population from southern Italy.
Anticancer Res 2002; 22: 3647-3652
Zhong S, Wyllie AH, Barnes D, Wolf CR, Spurr NK. Relationship between the GSTM1 genetic polymorphism and susceptibility to bladder, breast and colon cancer. Carcinogenesis 1993;

1480

17

18

19

20

21

22

23

24
25

26

27

28

29

30

31

32

33

34

35

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

14: 1821-1824
Katoh T, Nagata N, Kuroda Y, Itoh H, Kawahara A, Kuroki
N, Ookuma R, Bell DA. Glutathione S-transferase M1 (GSTM1)
and T1 (GSTT1) genetic polymorphism and susceptibility to
gastric and colorectal adenocarcinoma. Carcinogenesis 1996;
17: 1855-1859
Deakin M, Elder J, Hendrickse C, Peckham D, Baldwin D,
Pantin C, Wild N, Leopard P, Bell DA, Jones P, Duncan H,
Brannigan K, Alldersea J, Fryer AA, Strange RC. Glutathione
S-transferase GSTT1 genotypes and susceptibility to cancer:
studies of interactions with GSTM1 in lung, oral, gastric and
colorectal cancers. Carcinogenesis 1996; 17: 881-884
Welfare M, Monesola Adeokun A, Bassendine MF, Daly AK.
Polymorphisms in GSTP1, GSTM1, and GSTT1 and susceptibility to colorectal cancer. Cancer Epidemiol Biomarkers Prev
1999; 8: 289-292
Yoshioka M, Katoh T, Nakano M, Takasawa S, Nagata N,
Itoh H. Glutathione S-transferase (GST) M1, T1, P1, Nacetyltransferase (NAT) 1 and 2 genetic polymorphisms and
susceptibility to colorectal cancer. J UOEH 1999; 21: 133-147
Katoh T, Kaneko S, Takasawa S, Nagata N, Inatomi H,
Ikemura K, Itoh H, Matsumoto T, Kawamoto T, Bell DA.
Human glutathione S-transferase P1 polymorphism and susceptibility to smoking related epithelial cancer; oral, lung,
gastric, colorectal and urothelial cancer. Pharmacogenetics 1999;
9: 165-169
Caporaso N, Landi MT, Vineis P. Relevance of metabolic
polymorphisms to human carcinogenesis: evaluation of epidemiologic evidence. Pharmacogenetics 1991; 1: 4-19
Doll R, Peto R. The causes of cancer: quantitative estimates
of avoidable risks of cancer in the United States today. J Natl
Cancer Inst 1981; 66: 1191-1308
Thomas HJ. Familial colorectal cancer. BMJ 1993; 307: 277-278
Armstrong B, Doll R. Environmental factors and cancer incidence and mortality in different countries, with special reference to dietary practices. Int J Cancer 1975; 15: 617-631
Kiyohara C. Genetic polymorphism of enzymes involved in
xenobiotic metabolism and the risk of colorectal cancer. J
Epidemiol 2000; 10: 349-360
Lin HJ, Probst-Hensch NM, Louie AD, Kau IH, Witte JS, Ingles
SA, Frankl HD, Lee ER, Haile RW. Glutathione transferase null
genotype, broccoli, and low er prevalence of colorectal
adenomas. Cancer Epidemiol Biomarkers Prev 1998; 7: 647-652
Kiss I, Sandor J, Ember I. Allelic polymorphism of GSTM1
and NAT2 genes modifies dietary-induced DNA damage in
colorectal mucosa. Eur J Cancer Prev 2000; 9: 429-432
Slattery ML, Potter JD, Ma KN, Caan BJ, Leppert M, Samowitz
W. Western diet, family history of colorectal cancer, NAT2,
GSTM-1 and risk of colon cancer. Cancer Causes Control 2000;
11: 1-8
Slattery ML, Kampman E, Samowitz W, Caan BJ, Potter JD.
Interplay between dietary inducers of GST and the GSTM-1
genotype in colon cancer. Int J Cancer 2000; 87: 728-733
Lee E, Huang Y, Zhao B, Seow-Choen F, Balakrishnan A,
Chan SH. Genetic polymorphism of conjugating enzymes and
cancer risk: GSTM1, GSTT1, NAT1 and NAT2. J Toxicol Sci
1998; 23 Suppl 2: 140-142
Guo JY, Wan DS, Zeng RP, Zhang Q. The polymorphism of
GSTM1, mutagen sensitivity in colon cancer and healthy
control. Mutat Res 1996; 372: 17-22
Harris MJ, Coggan M, Langton L, Wilson SR, Board PG.
Polymorphism of the Pi class glutathione S-transferase in
normal populations and cancer patients. Pharmacogenetics
1998; 8: 27-31
Yeh CC, Hsieh LL, Tang R, Chang-Chieh CR, Sung FC. Risk
factors for colorectal cancer in Taiwan: a hospital-based casecontrol study. J Formos Med Assoc 2003; 102: 305-312
Huang CY, Huang KL, Cheng TJ, Wang JD, Hsieh LL. The
GST T1 and CYP2E1 genotypes are possible factors causing
vinyl chloride induced abnormal liver function. Arch Toxicol

36

37

38

39

40

41

42

43
44

45

46

47

48
49

50

51

52

53

54

March 14, 2005

Volume 11

Number 10

1997; 71: 482-488
Harries LW, Stubbins MJ, Forman D, Howard GC, Wolf CR.
Identification of genetic polymorphisms at the glutathione Stransferase Pi locus and association with susceptibility to
bladder, testicular and prostate cancer. Carcinogenesis 1997;
18: 641-644
Tang R, Wang JY, Lo SK, Hsieh LL. Physical activity, water
intake and risk of colorectal cancer in Taiwan: a hospitalbased case-control study. Int J Cancer 1999; 82: 484-489
Nijhoff WA, Grubben MJ, Nagengast FM, Jansen JB, Verhagen
H, van Poppel G, Peters WH. Effects of consumption of Brussels sprouts on intestinal and lymphocytic glutathione S-transferases in humans. Carcinogenesis 1995; 16: 2125-2128
de Bruin WC, Wagenmans MJ, Board PG, Peters WH. Expression of glutathione S-transferase theta class isoenzymes
in human colorectal and gastric cancers. Carcinogenesis 1999;
20: 1453-1457
Lin D, Meyer DJ, Ketterer B, Lang NP, Kadlubar FF. Effects
of human and rat glutathione S-transferases on the covalent
DNA binding of the N-acetoxy derivatives of heterocyclic
amine carcinogens in vitro: a possible mechanism of organ specificity in their carcinogenesis. Cancer Res 1994; 54: 4920-4926
Coles BF, Morel F, Rauch C, Huber WW, Yang M, Teitel CH,
Green B, Lang NP, Kadlubar FF. Effect of polymorphism in
the human glutathione S-transferase A1 promoter on hepatic
GSTA1 and GSTA2 expression. Pharmacogenetics 2001; 11:
663-669
Coughlin SS, Hall IJ. Glutathione S-transferase polymorphisms and risk of ovarian cancer: a HuGE review. Genet Med
2002; 4: 250-257
Iacopetta B. Are there two sides to colorectal cancer? Int J
Cancer 2002; 101: 403-408
Chenevix-Trench G, Young J, Coggan M, Board P. Glutathione S-transferase M1 and T1 polymorphisms: susceptibility to colon cancer and age of onset. Carcinogenesis 1995; 16:
1655-1657
van Lieshout EM, Peters WH. Age and gender dependent
levels of glutathione and glutathione S-transferases in human
lymphocytes. Carcinogenesis 1998; 19: 1873-1875
McMichael AJ, Potter JD. Diet and colon cancer: integration
of the descriptive, analytic, and metabolic epidemiology. Natl
Cancer Inst Monogr 1985; 69: 223-228
Breivik J, Gaudernack G. Carcinogenesis and natural selection:
a new perspective to the genetics and epigenetics of colorectal
cancer. Adv Cancer Res 1999; 76: 187-212
Whalen R, Boyer TD. Human glutathione S-transferases.
Semin Liver Dis 1998; 18: 345-358
Probst-Hensch NM, Tannenbaum SR, Chan KK, Coetzee GA,
Ross RK, Yu MC. Absence of the glutathione S-transferase
M1 gene increases cytochrome P4501A2 activity among frequent consumers of cruciferous vegetables in a Caucasian
population. Cancer Epidemiol Biomarkers Prev 1998; 7: 635-638
Lampe JW, Chen C, Li S, Prunty J, Grate MT, Meehan DE,
Barale KV, Dightman DA, Feng Z, Potter JD. Modulation of
human glutathione S-transferases by botanically defined vegetable diets. Cancer Epidemiol Biomarkers Prev 2000; 9: 787-793
Lampe JW, Peterson S. Brassica, biotransformation and cancer risk: genetic polymorphisms alter the preventive effects of
cruciferous vegetables. J Nutr 2002; 132: 2991-2994
Slattery ML, Potter JD, Samowitz W, Bigler J, Caan B, Leppert
M. NAT2, GSTM-1, cigarette smoking, and risk of colon cancer.
Cancer Epidemiol Biomarkers Prev 1998; 7: 1079-1084
Lang NP, Butler MA, Massengill J, Lawson M, Stotts RC,
Hauer-Jensen M, Kadlubar FF. Rapid metabolic phenotypes
for acetyltransferase and cytochrome P4501A2 and putative
exposure to food-borne heterocyclic amines increase the risk
for colorectal cancer or polyps. Cancer Epidemiol Biomarkers
Prev 1994; 3: 675-682
Potter JD, Slattery ML, Bostick RM, Gapstur SM. Colon cancer:
a review of the epidemiology. Epidemiol Rev 1993; 15: 499-545
Edited by Li WZ Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(10):1481-1488
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• COLORECTAL CANCER •

Clinical phenotype and prevalence of hereditary nonpolyposis
colorectal cancer syndrome in Chinese population
Yuan-Zhi Zhang, Jian-Qiu Sheng, Shi-Rong Li, Hong Zhang
Yuan-Zhi Zhang, Department of Gastroenterology, General
Hospital of Perking Military Area and Third Military Medical
College, Beijing 10070, China
Jian-Qiu Sheng, Shi-Rong Li, Hong Zhang, Department of
Gastroenterology, General Hospital of Perking Military Area, Beijing
10070, China
Correspondence to: Dr. Yuan-Zhi Zhang, Department of
Gastroenterology, General Hospital of Perking Military Area, Beijing
10070, China. jianming2000@163.com
Telephone: +86-01-86357923
Received: 2004-08-18 Accepted: 2004-09-18

Abstract
AIM: To describe systematically the clinical characteristics
and phenotype of HNPCC families and the prevalence of
HNPCC in the general population of CRC patients in China.
METHODS: HNPCC kindreds and CRC patients were from
two sources. One was that we consecutively investigated
kindreds and patients by ourselves. And the other was
the published Chinese and foreign literature related to
Chinese HNPCC syndrome. There were 142 HNPCC families
fulfilling AC I and/or AC II including 57 families with detailed
data, and 3874 general primary CRC patients in all. All
statistical tests were two-sided.
RESULTS: In AC I families, the number of Lynch syndrome
I and II families were 25 (47.2%) and 28 (52.8%)
respectively. There were 215 patients (82.4%) with CRC,
67 patients (25.7%) with extracolonic cancer and 50
patients (19.2%) with multiple primary cancers. In all CRC
patients, multiple primary CRC were in 41 patients (19.1%),
and the first-CRC was right-sided colorectal cancer in
143 patients (66.5%) and rectal cancer in 44 patients
(20.5%). 8.8% and 19.2% of the first cancer were CRC
and extracolonic cancers. Among those patients whose
first cancer was CRC, 66.8% and 19.9% were right-sided
colorectal cancer and rectal cancer, respectively. The
similar results were found in AC II families. Normal
distribution was only found in the distribution of the age
of diagnosis of the first cancer in both AC I families
(coefficient of skewness: u = 0.81, 0.20<0.40<P<0.50;
coefficient of kurtosis: u = 1.13, 0.20<P<0.40, = 0.20)
and AC II families (coefficient of skewness: u = 0.63, P>0.5>
0.20; coefficient of kurtosis: u = 0.84, 0.20<0.40<P<0.50,
 = 0.20), but not found in the distribution of the age of
diagnosis of the first CRC. When patients with HNPCCassociated cancer suffered from the first malignant tumor
in HNPCC families diagnosed by AC I and AC II, the mean
age and median age were 45.1±12.7 years and 44.0 years,

45.2±12.7 years and 44.5 years, respectively. The median
age of diagnosis of the first tumor of the patients in the
later generation was younger than that in the previous
generation. Many extracolonic cancers were found to be
associated with HNPCC syndrome. Gastric cancer was the
most frequent extracolonic cancer followed by endometrial
cancer and hepatocarcinoma. In general population of
CRC patients, the prevalence of HNPCC diagnosed by AC
I and AC II were 1.3% and 2.2%, respectively.
CONCLUSION: The clinical phenotype and prevalence
of Chinese HNPCC syndrome are similar to those of
Europeans and Americans. Gastric cancer is the most
common extracolonic malignant tumor. The age of
diagnosis of the first malignant tumor tends to be
increasingly younger in patients with HNPCC-related
tumors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the second most frequent cancers
in Western countries[1], and the third leading cause of cancer
deaths in the United States[2]. In China, the mortality rate of
CRC is the fourth to sixth leading cause of cancer deaths[3].
And its mortality and prevalence are inclined to increase in
the coming years. Patients with a familial risk, who have two
or more first- or second-degree relatives (or both) with CRC,
make up approximately 20 percent of all patients with CRC,
whereas approximately 5 to 10 percent of the total annual
burden of CRC is Mendelian in nature, that is, it is inherited
in an autosomal dominant manner. Hereditary nonpolyposis
colorectal cancer (HNPCC) syndrome, also referred to as
the Lynch syndrome, is the most common form of hereditary
CRC in an autosomal dominant manner[4]. In addition to
CRC, tumors also occur in the endometrium, small bowel,
pancreas, biliary tract, stomach, ovary, and urinary tract.
Clinically, this disorder is mainly defined by the Amsterdam
criteria (AC), which was established by the International
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Collaborative Group on HNPCC (ICG-HNPCC) at its
meeting in Amsterdam in 1990 [5] . The AC includes the
following: (1) at least three relatives with histologically verified
CRC, one of them a first-degree relative of the other two
(familial adenomatous polyposis excluded); (2) at least two
successive generations affected; (3) in one of the individuals,
diagnosis of CRC before the age of 50. These criteria were
pivotal in identifying kindreds that eventually led to the
association of the HNPCC syndrome with germline mismatch
repair gene mutations (MMR). However, the criteria are
strict and do not account for extracolonic cancers or for
small kindreds. In 1998, the set of new clinical criteria for
collaborative studies were proposed that included the
extracolonic cancers associated with HNPCC and accepted
by the majority (85%) of the group[6]. In addition, it was
proposed to keep the classical criteria, which are referred
to as Amsterdam Criteria I (AC I). And the revised ICGHNPCC criteria are referred to as Amsterdam Criteria II
(AC II). The AC II includes the following: (1) At least 3
relatives with an HNPCC-associated cancer (CRC, cancer
of the endometrium, small bowel, ureter or renal pelvis);
(2) One should be a first-degree relative of the other 2; (3)
At least 2 successive generations should be affected; (4) At
least 1 should be diagnosed before age 50; (5) Familial
adenomatous polyposis should be excluded in the CRC case
(s) if any and (6) Tumors should be verified by pathological
examination. Although there had been many reports on
characteristics of HNPCC kindreds in China in the past
decade, their samples on fulfilled AC I or AC II kindreds
were very small, and most of theirs were only case reports.
So there is no systematic and all round clinical research on
HNPCC until now. Therefore, it is necessary and urgent to
find out the phenotype and prevalence of HNPCC fulfilled
AC I or AC II in a larger sample in Chinese populations and
the differences between the Chinese patients and the EuroAmericans.
In this study, we on the one hand enrolled kindreds
fulfilled AC I or AC II and investigated CRC patients who
on our own. On the other hand, in order to provide the
overall information on Chinese HNPCC, we reviewed and
synthesized the literature on Chinese HNPCC. Based on
clinical data, we hoped to find out clinical phenotype and
characteristics of HNPCC families in a larger sample and
the prevalence of HNPCC in a larger population of CRC
patients and to evaluate whether the two sets of criteria for
HNPCC are useful in clinical diagnosis and management
of HNPCC in modern Chinese society.

MATERIALS AND METHODS
Materials
All subjects could be divided into two groups: HNPCC
kindreds and general CRC patients. They were from two
sources. One was that we consecutively investigated kindreds
and patients by ourselves. During the period from October
2001 to May 2004, we consecutively investigated 25 Chinese
families that fulfilled the AC I or AC II. Although there are
only four HNPCC-associated cancers (CRC, cancer of the
endometrium, small bowel, ureter or renal pelvis) in AC II,
ICG definition of HNPCC-associated cancers also included
cancers of the stomach, ovary, brain, hepatobiliary tract,
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and skin (sebaceous tumors)[6]. So when we clinically diagnosed
HNPCC families that fulfilled AC II, those tumors also
were included in the criteria. These families were from
Beijing, Henan Province, Inner Mongolia Autonomous
Region, Hebei Province, Yunnan Province and Liaoning
Province. From January 2002 to December 2002, we also
consecutively investigated 594 CRC inpatients with detailed
family history in the general hospital of Perking military
area. The other source was the published Chinese and foreign
literature related to Chinese HNPCC from 1994 to 2004,
which were collected by bibliographic searches through Index
of Chinese Science, Technology Data and PUBMED. The
selection criteria of literature were as follows: the independent
kindreds and prevalence of HNPCC were published in
Chinese or English magazines, each report should have the
detailed kindred data or extracolonic tumor records. Duplicated,
poor quality reports or those with little information on each
kindred were discarded. Thus, 24 papers were chosen by
screening (Table 1), 117 families that fulfilled AC I or AC II
and 3 280 general CRC patients were accumulated from
11 districts in China. In Table 1, all or partially reported
families have complete data from number 1 to 14; there
were detailed data on extracolonic cancer associated with
HNPCC from 15 to 21, and HNPCC prevalence data from
20 to 24. In the present study, there were 142 HNPCC
families and 3 874 general CRC patients. They were from
15 regions in China, including Beijing, Tianjin, Shanghai,
Zhejiang Province, Guangdong Province, Jiangsu Province,
Shandong Province, Hebei Province, Henan Province,
Hunan Province, Sichuan Province, Yunnan Province,
Liaoning Province, Inner Mongolia and Taiwan. Of the
HNPCC families, there were 57 families with complete data.
Methods
In 57 fulfilled AC I or AC II families with complete data,
common characteristics of HNPCC kindreds were analyzed.
In the different criteria, the following were to be analyzed:
Distribution of the age of diagnosis of the first tumor and
the first CRC, proportion of CRC patients, multiple primary
CRC and tumors, proximal cancer to the splenic flexure (or
right-sided CRC) and rectal cancer. Extracolonic tumor
spectrum associated with HNPCC was analyzed in 142
families, and the prevalence of HNPCC was done in 3 874
general CRC patients.
Statistical analysis
All data were descriptively analyzed by software SPSS 10.0.
Test of normality was done by method of movement, and
size of the test was = 0.20. When the two values of P on
the coefficient of skewness and coefficient of kurtosis are
both P>0.20, the data were considered to be normal
distribution. All statistical tests were two-sided.

RESULTS
Characterization of HNPCC families
In 57 HNPCC kindreds, there were 53 families that fulfilled
AC I and 4 families that only fulfilled AC II. In 53 HNPCC
families that fulfilled AC I, the number of Lynch syndrome
I and II families were 25 (47.2%) and 28 (52.8%), respectively.
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Table 1 Condition of all chosen papers and their studied districts
Number

First authors

District

Source of references

1

Zhen-Jun Wang

Beijing

Journal of Coloproctological Surgery, 2001, 7(3): 3-4

2
3

Ding-Cun Luo
Shi-Lin Wang

Zhejiang
Beijing

China Oncology, 2000, 10(2): 145-146, 152
Journal of General Hospital of Air Force, 2000, 16(1): 33-34,37

4

Yan-Ting Jian

Guangdong

J First Mil Med Univ, 2001, 21(1): 15-16

5

Shi-Xin Xu

Jiangsu

China Oncology, 1998, 8(1): 56-58

6
7

Shan-Jing Mo
Jian-Sheng Li

Shanghai
Zhejiang

Chin J Dig, 1996, 16(6): 326-328
Journal of Practical Oncology, 2000, 15(1): 46-47

8

Meng-Hong Sun

Shanghai

Natl Med J China, 2001, 81(20): 1268-1269

9

Zhi-Zhuang Li

Shandong

Acta Academiae Medicinae Nantong, 2001,21(4):437

10
11

Chen-Yi Wang
Gang Ye

Hunan
Zhejiang

Hunan Medical Journal, 1998, 15(1): 64
Medical Journal of Ningbo, 1997, 9(5): 226

12

Liang Xu

Sichuan

The Practical Journal of Cancer, 2002, 17(4): 395-397

13

Zhen-Jun Wang

Beijing

Chin J Gastrointest Surg, 2000, 3(4): 217-219

14
15

Yi-Tao Jia
Hei-Ying Jin

Hebei
Shanghai

Chin J Med Genet, 1999, 16(3): 200
J Clin Surg, 2001, 9(6): 356-357

16

Shi-Lin Wang

Beijing

Journal of Oncology, 2002, 8(1): 24-26

17

Guo-Fu Chen

Zhejiang

China Oncology, 2003, 13(3): 240-242

18
19

Li-Xin Liu
SC Wei

Beijing
Taiwan

Chinese Journal of Coal Industry Medicine, 2002, 5(7): 643-644
J Formos Med Assoc, 2002, 101(3): 206-209

20

San-Jun Cai

Shanghai

World J Gastroenterol, 2003, 9(2): 284-287

21

Gang Chen

Tianjin

Chinese Journal of Clinical Oncology, 2003, 30(4): 247-249

22
23

Hua-Wei Jin
Zhi-Qiang Xue

Guangdong
Guangdong

Chinese Journal of Practical Surgery, 2000, 20(4): 231-232
Guangdong Medical Journal, 2003, 24(7): 752-753

24

Shi-Lin Wang

Beijing

Chin J Gen Surg, 2000, 15(11): 667-668

There were 261 cancer patients and 343 primary cancers
in all. In 261 cancer patients, there were 215 patients (82.4%)
with CRC, 67 patients (25.7%) with extracolonic cancer
and 50 patients (19.2%) with multiple primary cancers. In
215 CRC patients, there were 41 patients (19.1%) with
synchronous (multiple colorectal cancers at or within six
months after surgical resection for CRC) or metachronous
(CRC occurring more than six months after surgery) CRC
and 20 patients (9.3%) with both extracolonic cancer and
CRC. In all CRC patients, the first CRC was right-sided
CRC in 143 patients (66.5%) and rectal cancer in 44 patients
(20.5%). The first cancer was CRC in 211 patients (80.8%)
and extracolonic cancer in 50 patients (19.2%). In patients
whose first cancer was CRC, 141 patients (66.8%) had rightsided CRC and 42 patients (19.9%) had rectal cancer. There
were 270 CRCs (78.7%) and 73 extracolonic cancers (21.3%)
in all primary cancers. The proportion of right-sided
colorectal cancer and rectal cancer were 62.6% and 21.1%
in primary CRCs respectively.
If HNPCC families were diagnosed by AC II, 25 families
(43.9%) were Lynch syndrome I and 32 families (56.1%)
were Lynch syndrome II. There were 276 cancer patients
and 364 primary cancers in all. In all cancer patients, there
were 223 CRC patients (80.8%), 75 patients (27.2%) with
extracolonic cancer and 52 patients (18.8%) with multiple
primary cancers. In 223 CRC patients, there were 43 patients
(19.3%) with synchronous or metachronous CRC and 22
patients (9.9%) with both extracolonic cancer and CRC.
The first cancer was CRC in 219 patients (79.3%) and
extracolonic cancer in 57 patients (20.7%). In patients whose
first cancer was CRC, 144 (65.8%) patients had right-sided
CRC and 46 patients (21%) had rectal cancer. In 223 CRC
patients, proportions of right-sided CRC and rectal cancer
of the first CRCs were 65.5% and 21.5% respectively. In

364 primary cancers, there were 282 CRCs (77.5%) and
82 extracolonic cancers (22.5%). In 282 CRCs, the proportion
of right-sided CRC and rectal cancer were 63.1% and 21.6%
respectively.
Distribution of the age of diagnosis of the first malignant tumor
in HNPCC-associated cancer patients and general primary CRC
patients
In 57 AC II HNPCC families, the distribution of the age
of diagnosis of the first cancer was normal distribution
(coefficient of skewness: u = 0.63, P>0.5; coefficient of
kurtosis: u = 0.84, 0.40<P<0.50) (Figure 1A). The mean
age and median age were 45.2±12.7 and 44.5 years (range
from 5 to 84 years) respectively. The distribution of the
age of diagnosis of the first CRC was not normal distribution
(coefficient of skewness: u = 1.85, 0.05<P<0.10; coefficient
of kurtosis: u = 0.81, 0.40<P<0.50) in CRC patients in
these HNPCC families. Its median age was 43.0 years (range
from 12 to 84 years).
In 53 AC I families, the distribution of the age of
diagnosis of the first cancer were normal distribution
(coefficient of skewness: u = 0.81, 0.40<P<0.50; coefficient
of kurtosis: u = 1.13, 0.20<P<0.40). The mean age and median
age of diagnosis of the first cancer were 45.1±12.7 years and
44.0 years (range from 5 to 84 years) respectively. But the
distribution of the age diagnosed the first CRC in AC I
families was the same as that in the AC II families. It also was
not normal distribution (coefficient of skewness: u = 1.85,
0.05<P<0.10; coefficient of kurtosis: u = 0.96, 0.20<P<0.40).
Its median age was 43.0 years (range from 12 to 84 years).
In 594 primary CRC inpatients consecutively investigated,
the distribution of the diagnosed age was not normal
distribution (coefficient of skewness: u = 5.03, P<0.001;
coefficient of kurtosis: u = 1.04, 0.20<P<0.40) (Figure 1B).
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Figure 1 Distribution of the age. A: Distribution of the ages of diagnosis of the first cancer of HNPCC-associated cancer patients in AC II
families; B: Distribution of the ages of diagnosis of CRC of 594 general primary CRC patients.

The median age was 65 years (range from 21 to 95 years).
There was a statistical significance on the difference of the
mean or median age between HNPCC patients and general
primary CRC patients (P<0.05).
Age of diagnosis of the first tumor of HNPCC-associated
cancer patients in different generations
Because 4 were only fulfilled AC II in 57 AC II HNPCC
families, here we only discuss the age of diagnosis of the
first tumor of HNPCC-associated cancer patients in different
generations in AC II families. At least 2 and at most 5
successive generations should be affected. The numbers
of patients in the first, second, third, fourth and fifth
generation were 93, 134, 43, 5 and 1 respectively. The
distribution of the age of diagnosis of the first tumor of the
patients both in the first (coefficient of skewness: u = 0.97,
0.20<P<0.40; coefficient of kurtosis: u = 1.08, 0.20<P<0.40)
and second generation (coefficient of skewness: u = 0.50,
P>0.50; coefficient of kurtosis: u = 0.59, P>0.50) were
normal distribution, but that in third generation was not
normal distribution (coefficient of skewness: u = 1.94, 0.05
<P<0.10; coefficient of kurtosis: u = 1.80, 0.05<P<0.10).
Because the number of patients both in the fourth and
fifth generation was too small, their distributions were not
analyzed. The mean and median age in the first generation
and second generation were 52.7±11.7 and 52.0, 43.1±11.7
and 43.0 years respectively. The median age in the third
generation and fourth generation were 38 years and 31 years
respectively. The median age of diagnosis of the first tumor
of the patients in the later generation was younger than
that in the previous generation.
Spectrum of extracolonic cancer associated with HNPCC and
HNPCC prevalence in general primary CRC
In 142 HNPCC families fulfilled AC II, there were 105
families that definitely fulfilled AC I. All these families had
the detailed spectrum of extracolonic cancers. There were
125 extracolonic cancers in AC I families and 174 extracolonic
cancers in AC II families (Table 2). The spectrum of
extracolonic cancers were almost the same in AC I families
as in AC II families. Gastric cancer was the most frequent
extracolonic cancers in both AC I and AC II families, followed
by endometrial cancer, hepatocarcinoma and the other
extracolonic cancers.

Table 2 Extracolonic tumors found in HNPCC families
Extracolonic tumor

Number of AC (%)

Number of AC II (%)

Gastric cancer

36 (28.8)

49 (28.2)

Endometrial cancer

28 (22.4)

36 (20.7)

Ovarian cancer

6 (4.8)

9 (5.2)

Small intestinal cancer

3 (2.4)

9 (5.2)

Esophageal cancer

6 (4.8)

9 (5.2)

Pancreatic cancer

5 (4.0)

6 (3.4)

Breast cancer

5 (4.0)

7 (4.0)

Cancer of nasopharynx/larynx

2 (1.6)

3 (1.7)

Malignant lymphoma

2 (1.6)

2 (1.2)

Leukemia

1 (0.8)

1 (0.6)

Thyroid cancer

5 (4.0)

5 (2.9)

4 (3.2)
10 (8.0)

8 (4.6)
11 (6.3)

Lung cancer
Hepatocarcinoma
Bladder carcinoma

1 (0.8)

3 (1.7)

Cancer of brain

3 (2.4)

5 (2.9)

Ureter/renal pelvis cancer
Carcinoma of kidney

0 (0.0)
2 (1.6)

1 (0.6)
2 (1.2)

Skin cancer

2 (1.6)

2 (1.2)

Osteosarcoma

0 (0.0)

2 (1.2)

Carcinoma of prostate
Malignant teratoma

1 (0.8)
1 (0.8)

1 (0.6)
1 (0.6)

Cancer of parotid gland

1 (0.8)

1 (0.6)

Liposarcoma

1 (0.8)

1 (0.6)

125 (100.0)

174 (100.0)

Total

Among 3874 primary CRC patients, the condition of
HNPCC patients whose families fulfilled AC I were only
analyzed in 942 patients, and the condition of HNPCC
patients whose families fulfilled AC II were only analyzed
in 1 058 patients. Both of them were analyzed in the other
1 874 patients. So in 2 816 patients who were analyzed the
condition of HNPCC patients whose families fulfilled AC I,
there were 35 HNPCC patients (1.2%; 95% confidence
interval [CI] = 0.8-1.7%). And in 2 932 patients who were
analyzed the condition of HNPCC patients whose families
fulfilled AC II there were 63 HNPCC patients (2.2%;
95% confidence interval [CI] = 1.6-2.7%).

DISCUSSION
Aldred Warthin first described what is now recognized as
the HNPCC or Lynch syndrome in 1913. HNPCC is an
autosomal dominantly inherited disorder of cancer
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susceptibility with high penetrance (80-85%) [6], and
accounts for approximately 1% to 3% of all cases of
colorectal cancer[7]. This disorder is often characterized by
multiple generations being affected and the development
of colorectal cancer that is often diagnosed at an early age
(mean age, approximately 45 years) and is mostly right-sided
colorectal cancer (approximately 70% proximal to the splenic
flexure)[4,6,7]. There is an excess of synchronous CRC and
metachronous CRC in 35% of patients[6]. In addition, there
is an excess of extracolonic cancers[4,6]. The cancer of the
endometrium, stomach, ovaries, small bowel, ureter, renal
pelvis, brain, and hepatobiliary tract are all clinically
associated with HNPCC. But in AC II established in 1998,
only CRC, cancer of the endometrium, small bowel, ureter
or renal pelvis were thought as HNPCC-associated cancers[6].
Stomach cancer has a high prevalence in some Asian
countries. Occasionally, it results in the chance of familial
aggregation of CRC and stomach cancer. But in HNPCC
families reported in the Western countries, stomach cancer
is uncommon and is observed mainly in patients from older
generations. Though stomach cancer was frequently
reported in HNPCC families in Asia, there were no studies
in these countries revealing the relative risk of developing
stomach cancer in carriers of a mutated MMR gene.
Therefore, stomach cancer was not included in the spectrum
of HNPCC-associated cancers in AC II established by
ICG-HNPCC[6].
HNPCC families can be classically subdivided into Lynch
syndrome I and II. Lynch syndrome I only displays colorectal
cancer, whereas Lynch syndrome II also exhibits extracolonic
tumors. In China, our study showed that the proportion of
Lynch syndrome I and II were 43.9% and 56.1% by AC II,
47.2% and 52.8% by AC I respectively. It suggested there
were extracolonic cancers in most of Chinese HNPCC
families. In AC I families, the overall proportion of CRC,
extracolonic cancer, multiple primary cancers and multiple
primary CRC patients were 82.4%, 25.7%, 19.2% and 19.1%
respectively. The first CRC was right-sided CRC in 66.5%
CRC patients. In addition, the first cancer was CRC in 80.8%
patients. Among those patients whose first cancer was CRC,
66.8% and 19.9% were right-sided CRC and rectal cancer
respectively. At the same time, there were also the similar
results in AC II families. It showed that most of HNPCC
associated-cancer patients were susceptible to CRC.
Moreover, CRC was mainly located in the proximal rather
than the distal part of the colon in two-thirds of CRC patients
where CRC was the first cancer. It was an important
characteristic of HNPCC syndrome. Extracolonic cancer
was the first cancer in one-fifth or so of HNPCC associatedcancer patients diagnosed by both AC and AC II. It implied
that extracolonic cancers were associated with HNPCC,
and many similar results were also reported from other
countries[8-11]. So extracolonic cancers should be included in
clinical criteria of HNPCC families. In addition, the
proportions of multiple CRC and right-sided CRC patients
in the Chinese HNPCC families were similar to those in the
Western HNPCC families[6,12-15].
One of the most important characteristics is that
HNPCC-associated cancer is diagnosed at an early age. The
mean or median age at cancer diagnosis is approximately
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from 41 to 50 years[4,6-7,12-15] . Mean and median are two
most important parameters which statistically describe the
central tendency of quantitative data, but there are some
differences in their applications. Mean applies to quantitative
data of normal distribution. If quantitative data are not
normal distribution, mean cannot really describe the central
tendency and average level of data. Median applies to all
types of quantitative data. If quantitative data are normal
distribution, median is theoretically equal to mean. So when
we describe the central tendency of some quantitative data,
normal distribution should be tested. In HNPCC-associated
cancer patients, our study showed that the age distribution
of patients diagnosed with the first malignant tumor was
normal distribution. The same results were also observed in
HNPCC-associated cancer patients of the first and second
generations. But the distribution of the age of diagnosis of
the first CRC was not normal distribution in all CRC patients.
So both mean age and median age could be used to describe
the central tendency of the age distribution of patients
diagnosed with the first malignant tumor, and median age is
the only parameter which can accurately describe the central
tendency of the age distribution of patients diagnosed with
the first CRC. When patients with HNPCC-associated cancer
suffered from the first malignant tumor in Chinese HNPCC
families diagnosed by AC and AC II, the mean and median
age were 45.1 and 44.0, 45.2 and 44.5 years respectively.
When they suffered from the first CRC, the median ages
were both 43.0 years. These results were similar to those
from other countries[4,6,7,12-15]. In addition, our findings showed
a tendency that HNPCC-associated cancer patients can be
diagnosed the first malignancy at an earlier age in later
generation than in previous generation. The median ages in
the first, second, third and fourth generations were 52, 43,
38 and 31 years respectively.
The other important feature of HNPCC syndrome is
frequent occurrence of extracolonic cancers. Many evidences
suggest that extracolonic cancers are associated with HNPCC
syndrome in clinic and (or) genetics[4,6,7,9-11,15,16-19]. Our study
revealed that about one-fourth of HNPCC-associated cancer
patients had extracolonic cancer in China. Its proportion
was smaller than in American HNPCC families[15]. The
spectrum of extracolonic cancers included gastric cancer,
endometrial cancer, hepatocarcinoma, ovary cancer, esophageal
cancer, pancreatic cancer, breast cancer, thyroid cancer,
lung cancer, small intestinal caner, cancer of brain, cancer
of nasopharynx/larynx, malignant lymphoma, carcinoma
of kidney, skin cancer, leukemia, bladder carcinoma,
carcinoma of prostate, malignant teratoma, cancer of parotid
gland, liposarcoma, ureter or renal pelvis cancer and
osteosarcoma. Ureter or renal pelvis cancer and osteosarcoma
were only found in AC II HNPCC families. Gastric cancer,
endometrial cancer and hepatocarcinoma were the first,
second and third most frequent extracolonic cancers in both
AC I HNPCC families and AC II HNPCC families, respectively.
They were followed by ovary cancer, esophageal cancer,
pancreatic cancer, breast cancer, thyroid cancer, lung cancer,
small intestinal caner, cancer of brain, cancer of nasopharynx/
larynx, malignant lymphoma, carcinoma of kidney, skin
cancer, leukemia, bladder carcinoma, carcinoma of prostate,
malignant teratoma, cancer of parotid gland and liposarcoma
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in AC HNPCC families, and gastric cancer, endometrial
cancer, hepatocarcinoma, ovary cancer, esophageal cancer,
small intestinal cancer, lung cancer, breast cancer, pancreatic
cancer, thyroid cancer, cancer of brain, cancer of nasopharynx/
larynx, bladder carcinoma, malignant lymphoma, carcinoma
of kidney, skin cancer, osteosarcoma, leukemia, ureter/
renal pelvis cancer, carcinoma of prostate, malignant
teratoma, cancer of parotid gland, and liposarcoma in AC II
HNPCC families. Gastric cancer was more common than
endometrial cancer in Chinese HNPCC families if difference
of sex was not considered. And similar results were reported
in Korea and Brazil [18,19]. It was significantly different
from most European and American HNPCC families
whose most frequent extracolonic cancer was endometrial
cancer [4,6,7,11]. However, the extracolonic cancers of AC II
only included endometrial cancer, small intestinal cancer
and ureter or renal pelvis cancer, because gastric cancer
was only frequently reported in Asian HNPCC families,
and is uncommon and is observed mainly in patients from
older generations in western countries. Moreover, there were
no studies in these countries revealing the relative risk of
developing stomach cancer in carriers of a mutated MMR
gene at that time[6]. In fact, some studies from Europe and
America also supported that gastric cancer was associated
with HNPCC syndrome[19,20]. Recently, Kim et al[18] reported
gastric cancer was the most common extracolonic malignancy
in HNPCC and suspected HNPCC families, and five
germline mutations in the hMLH1 and six germline
mutations in the hMSH2 were exclusively found in families
with gastric cancer. It suggested that gastric cancer was also
genetically associated with HNPCC syndrome. Endometrial
cancer was the most common extracolonic cancer in Chinese
female patients with HNPCC-associated cancer, it is the
same in other countries[4,6,7,11,19]. At the same time, ovarian
cancer and breast cancer were also more frequent extracolonic
cancer in Chinese HNPCC-associated cancer patients. They
were the second and third most frequent extracolonic cancer
in female patients. Although they were not included in
AC II, they often occurred in HNPCC-associated cancer
patients in both China and other countries[19,21,22]. Moreover,
it had been reported that carriers of an hMSH2 mutation
developed ovarian cancer[21] . Compared to the European
and American HNPCC families, hepatocarcinoma and
esophageal caner were also more common in Chinese
HNPCC families. In addition, Soravia et al[16] reported that
prostate cancer was found in HNPCC families, and the
MSI and IHC analysis of the prostatic cancer clearly linked
its etiology to the germline mutation of mismatch repair
genes. The suggestion of other countries, including ours
that all extracolonic cancers, which were clinically found in
HNPCC families should be included in the malignant tumor
spectrum of HNPCC syndrome, though only some of them
were genetically confirmed to be HNPCC-associated
cancers. First, the selection criteria for HNPCC is that it
should be clinical because genetic analyses (MSI and mutation
analyses) are not accessible to all families, the techniques
are not available in all countries, and the significance of the
findings is not completely understood[6] . Secondly, it is
generally accepted that genetic pathogenesis of HNPCC is
associated with dysfunction of DNA mismatch repair system
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resulting from germline mutation of mismatch repair genes
[4,7,23-26]
. Germline mutation of mismatch repair genes was
detected in about two third to ninety-two percent in all
HNPCC families fulfilled AC I[25-28], and plays an important
role in revealing genetic pathogenesis of HNPCC syndrome
and early detection and treatment of HNPCC-associated
cancer patients in HNPCC families[23,29-32] . But definite
association between genotype and phenotype has not been
found in HNPCC until now[24-26,28,33]. Thirdly, since AC II
was established by ICG-HNPCC in 1998, more extracolonic
cancers, which were clinically found to be associated with
HNPCC syndrome, have proved genetically to be associated
with HNPCC syndrome than before[16-18,21,34]. Moreover,
some of them were rare both in HNPCC-associated tumors
and in sporadic cancers[33,34]. Finally, HNPCC in fact is a
syndrome. By analogy with several other genetic disorders,
HNPCC encompasses a wide spectrum of different clinical
presentations, including Muir-Torre syndrome, Turcot
syndrome, and the neurofibromatosis-hematological
malignancy association[33,35]. So, it is improper only to define
the extracolonic cancers, which have been genetically
ascertained to be associated with HNPCC as the spectrum
of HNPCC-associated cancers until genetic pathogenesis
of HNPCC syndrome is completely understood.
Members of HNPCC families are high-risk individuals
who are more easily predisposed to malignant tumors than
members of families with sporadic CRC patients especially
CRC. Estimates of the frequency of HNPCC are generally
based on clinical criteria including AC I and AC II, and
have varied from country to country. In the general
population of CRC patients, the prevalence of HNPCC
fulfilled AC I vary from 0.3% to 3% in European and
American [36-39]. In China, our study showed that the
prevalence of HNPCC fulfilled AC I was 1.2% in general
CRC patients, which was similar to that in Europeans and
Americans. In addition, the prevalence of HNPCC fulfilled
AC II was 2.2% in Chinese general CRC patients.
On the basis of our study, we realize that current AC II
has some defects and may result in failure to screen some
HNPCC families. So we suggest that the AC II should be
revised according to the development of clinical and genetic
findings for HNPCC families, and the HNPCC-associated
cancers include CRC and extracolonic cancers. Extracolonic
cancer is referred to any malignant tumor outside the
colorectum. In addition, the other important factors should
also be thought when the HNPCC families are screened.
With the development of socioeconomics and carrying
through Planned Parenthood policy in China, the size of
most of Chinese families is growing smaller than before.
Under this condition, it is difficult to seek three relatives
that one is a first degree relative of the others in a family
these days and in future. Therefore, we propose a set of
new clinical criteria to diagnose the HNPCC families. It
includes the following: 1) at least 3 relatives with an HNPCCassociated cancer (CRC, extracolonic cancer, which can be
in any site), at least one must be CRC; 2) One should be a
first-degree or second relative of the other 2, at least 2 are
first-degree relatives of each other; 3) At least 2 successive
generations should be affected; 4) At least 1 should be
diagnosed before age 50; 5) Familial adenomatous polyposis
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should be excluded in the CRC case(s) if any and 6) Tumors
should be verified by pathological examination.
To our knowledge, this report is a first systematic
description of HNPCC families and the prevalence of
HNPCC in China. As such, it provides a broad and detailed
description of general characteristics of HNPCC families
in a larger sample, and the prevalence of HNPCC diagnosed
by both AC I and AC II in a larger general population of
CRC patients in China. We acknowledge that this is not the
final answer for characteristics of HNPCC families and
HNPCC prevalence figures in the general CRC population
in China; however, it is necessary as a first step and provides
general data for the scientific community. It will accelerate
genetic pathogenesis of HNPCC syndrome and the prevention
of HNPCC-associated cancers in members of HNPCC
families in China.
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Toll-like receptor 4 and NOD2/CARD15 mutations in Hungarian
patients with Crohn’s disease: Phenotype-genotype correlations
Peter Laszlo Lakatos, Laszlo Lakatos, Ferenc Szalay, Claudia Willheim-Polli, Christoph Österreicher, Zsolt Tulassay,
Tamas Molnar, Walter Reinisch, Janos Papp, Gyula Mozsik, Hungarian IBD Study Group, Peter Ferenci
the frequency of SNP12/G908R was not increased. The
frequency of TLR4 D299G was not different (CD: 9.9% vs
controls: 12.0%). Variant NOD2/CARD15 allele was
associated with an increased risk for CD (ORhet = 1.71,
95%CI = 1.12-2.6, P = 0.0001, ORtwo-risk alleles = 25.2,
95%CI = 4.37- , P<0.0001), early disease onset (carrier:
26.4 years vs non-carrier: 29.8 years, P = 0.0006), ileal
disease (81.9% vs 69.5%, OR = 1.99, 95%CI = 1.29-3.08,
P = 0.02, presence of NOD2/CARD15 and TLR4: 86.7% vs
64.8%), stricturing behavior (OR = 1.69, 95%CI = 1.13-2.55,
P = 0.026) and increased need for resection (OR=1.71,
95%CI: 1.13-2.62, P = 0.01), but not with duration, extraintestinal manifestations, familial disease or smoking. TLR4
exhibited a modifier effect: age of onset in wt/TLR4 D299G
carriers: 27.4 years vs NOD2mut/TLR D299G: 23 years
(P = 0.06), in NOD2mut/wt: 26.7 years.
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CONCLUSION: These results confirm that variant NOD2/
CARD15 (R702W, R703C and 3020insC) alleles are
associated with earlier disease onset, ileal disease,
stricturing disease behavior in Hungarian CD patients. In
contrast, although the frequency of TLR4 D299G
polymorphism was not different from controls, NOD2/TLR4
mutation carriers tended to present at earlier age.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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AIM: To determine common NOD2/CARD15 mutations and
TLR4 D299G polymorphism in Hungarian patients with CD.
METHODS: A total of 527 unrelated patients with CD
(male/female: 265/262, age: 37.1 (SD 7.6) years) and
200 healthy subjects were included. DNA was screened
for possible NOD2/CARD15 mutations by denaturing highperformance liquid chromatography (confirmed by direct
sequencing). TLR4 D299G was tested by PCR-RFLP.
RESULTS: NOD2/CARD15 mutations were found in 185
patients (35.1%) and in 33 controls (16.5%, P<0.0001).
SNP8/R702W (10.8% vs 6%, P = 0.02), SNP13/3020insC
(19.4% vs 5%, P<0.0001) and exon4 R703C (2.1% vs
0%, P = 0.02) mutations were more frequent in CD, while

INTRODUCTION
Inflammatory bowel disease (IBD) is a multifactorial
polygenic disease with probable genetic heterogeneity. In
addition to genetic predisposition, various environmental
and host factors (e.g., genetic, epithelial, immune and nonimmune factors) play a major role in the pathogenesis of
IBD. Crohn’s disease (CD) is a chronic inflammatory disorder
of the gastrointestinal tract. Extensive heterogeneity is
observed in terms of disease presentation, behavior, and
response to treatment[1,2 ]. Attempts have been made to define
clinical subgroups on the basis of age at onset, disease
location, extent (diffuse or localized) and behavior (primary
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inflammatory, fistulating, or fibrostenotic).
CD has a strong genetic component, with a lifetime risk
of 10-20% to develop IBD in the presence of an affected
first-degree relative[1]. The concordance rate of affected
siblings for age at onset, disease site, behavior and presence
of extra-intestinal manifestation is as high as 80%. Since
the first report of Hugot et al [3] in 1996, seven IBD loci
have been identified on chromosomes 16q12 (IBD1), 12q13
(IBD2), 6p13 (IBD3), 14q11 (IBD4), 5q31-33 (IBD5),
19p13 (IBD6) and 1p (IBD7)[4-6] . These seven loci are
convincingly replicated. Some genetic markers increase the
risk of ulcerative colitis or CD while others are associated
with a particular phenotypic expression like disease location
and/or behavior. The NOD2/CARD15 gene is located in
the IBD1 region. NOD2/CARD15 is a cytoplasmatic protein
expressed in peripheral blood monocytes, Paneth cells and
intestinal epithelial cells and is related structurally to the welldescribed R proteins in plants, which mediate host resistance
to microbial pathogens[7] and induce the NF-B pathway[8].
Variant alleles result in reduced NF-B activity[9]. Variant
NOD2/CARD15 alleles are also associated with reduced
-defensin release from Paneth cells in response to bacteria[10].
Of particular importance is the C-terminus leucine-rich repeat
domain, reportedly the major structural motif that functions
as a pattern-recognition receptor for broad types of microbial
components, such as bacterial lipopolysaccharides (LPS) and
peptidoglycan (including MDP)[11].
Two single nucleotide polymorphisms of NOD2/
CARD15 (SNP8: Arg702Trp and SNP12: Gly908Arg) and
a frame shift mutation (SNP13: Leu1007insC) have been
shown by three independent groups to be associated with
susceptibility to CD[12-14]. The presence of one variant allele
increases the risk for developing CD 1.5-4.3-fold, and the
presence of two copies up to 20-40-fold [13-15]. It has also
been suggested that the presence of variant alleles is
associated with ileal disease and fibrostenosing or fistulizing
behavior in some[15,16], but not in all the studies[17,18].
However, there are significant geographical differences
in the frequency of these alleles. They are not found in
Japan and China[19,20] and are less frequent in Finland[21]
than in Western Europe. There are only limited data in patients
from Central-Eastern European countries like Hungary. The
incidence of CD in Hungary has been steadily elevat in the
last decades (from 0.41 in 1977-1981 to 4.68 in 1997-2001),
now reaching that of Western European countries.
Toll-like receptors (TLRs) expressed in myeloid cells play
a major role both in detecting microbes and in initiating
innate immune responses. In contrast, little is known
concerning the expression, distribution and function of TLRs
in epithelial cells per se. Toll-like receptor 4 (TLR4) is also
expressed in the Golgi apparatus of intestinal epithelial cells.
Thus, LPS recognition in intestinal epithelial cells may occur
in the Golgi apparatus and require LPS internalization[22] .
Recently it has been suggested that the interaction of LPS
with TLR4/MD2 contributes to the perpetuation of the
inflammatory epithelial cell injury via TNF-induced
alterations of enterocyte turnover in an autoparacrine/
paracrine manner[23] . TLRs may also influence the nature
of the immune response, in particular by skewing T cells
toward a Th1 or Th2 profile. Myeloid cells are exquisitely
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sensitive to TLR ligands and produce significant IL-12p40
and appear to play key roles in the initiation and possibly
the Th1/Th2 skewing of inflammatory responses. In this
model the inflammation would normally be controlled by
myeloid or lymphocyte-derived IL-10 acting through Stat3
in myeloid cells to block further production of IL-12/IL23 and skewing to Th1 response[24].
TLR4 is upregulated in the intestinal epithelial cells in
patients with CD. In contrast, the expressions of TLR2
and TLR5 are unchanged, while TLR3 is down-regulated[25].
The D299G (Asp299Gly) polymorphism of TLR4 gene is
associated with LPS hyporesponsiveness[26] and recently an
association between TLR4 mutation and CD was reported
in one study[27], but not in another[28].
In view of the limited data on the prevalence of
NOD2/CARD15 mutations in Eastern European countries,
our aim was to investigate the presence of the common
three and other exon4 variants of NOD2/CARD15 as well
as the presence of functional D299G polymorphism of the
TLR4 gene in three large cohorts of Hungarian patients with
CD. We also aimed to investigate the possible association
between genotype and clinical characteristics of the disease.

MATERIALS AND METHODS
Patients
A total of 527 unrelated Hungarian patients with CD [male/
female: 265/262, age: 37.1 (SD 7.6) years] were investigated.
The patients were recruited from three Hungarian IBD
centers (Szeged [n = 167], Budapest [n = 185], Veszprem
[n = 175]). CD patients, with a follow-up time of at least
one year were included. The diagnosis was based on the
Lennard-Jones criteria[29]. The clinical characteristics of the
patients are summarized in Table 1. The disease phenotype

Table 1 Clinical characteristics of the different cohorts of Crohn’s
disease (CD) patients
Budapest
(n = 185)
Male/Female

Veszprem
(n = 175)

Szeged
(n = 167)

98/87

88/87

79/88

Age (yr)

35.6±11.4

37.8±13.3

37.1±12.7

Age at presentation (yr)

27.2±10.3

30.2±12.4

28.9±10.9

8.9±6.6

7.7±6.8

8.0±7.3

63 (11.9)

38 (11.1)

25 (13.5)

Duration (yr)
Familial IBD, n (%)
Location (n)

Behavior (n)

L1

43

54

39

L2

37

47

52

L3

103

74

74

L4

2

0

2

B1

88

65

62

B2

40

39

49

B3

56

71

56

41 (22.1)

49 (28.0)

50 (29.9)

Perianal disease, n (%)
Frequent relapse, n (%)

59 (31.9)

72 (41.1)

64 (38.6)

Extraintestinal

67 (36.2)

61 (34.8)

47 (28.2)

manifestations, n (%)
Operation, n (%)

77 (41.6)

76 (43.4)

67 (40.1)

Smoking habits (n) No

115

96

98

Yes

55

61

55

Previous

15

20

14
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Detection of TLR4 D299G polymorphism
The TLR4 D299G polymorphism was detected by PCRRFLP (PTC-200 thermocycler, MJ Research Inc., MA,
USA) using previously published primers and conditions[31].
For the overnight digestion of the amplified DNA, NcoI
enzyme (New England Biolabs, London, UK) was used and
the fragments were separated and visualized by gel
electrophoresis (3% NuSieve® GTG agarose gel BMA,
Rockland, ME, USA).
Statistical analysis
Variables were tested for normality by Shapiro Wilk’s
W test. t-test with separate variance estimates, 2-test and
2-test with Yates correction were used to test differences
between patients with CD and controls, and also within
subgroups of CD patients. Odds ratios (OR) and logistic
regression were calculated to compare genetic and clinical
data. P<0.05 was considered statistically significant. For the
statistical analysis, Statistica 6.1 (Statsoft Inc., OK, USA)
was used.

8

8

RESULTS
NOD2/CARD15 mutations were more frequently found
in CD patients (185/527; 35.1%) than those in controls
(16.5%, P<0.0001, Table 2). Heterozygous (ORhet = 1.71;
95%CI = 1.12-2.6, P = 0.0001), homozygous (ORhom = 14.43;
95%CI = 2.47- , P = 0.0003) or compound heterozygous
(ORcompound = 12.92; 95%CI = 2.2- , P = 0.0006) carriage
of a variant allele was associated with increased risk for
CD. The OR for carrying two variant alleles was 25.2
(95%CI: 4.35- , P<0.0001). SNP8 (11.6% vs controls:
6%) and SNP13 (19.4% vs controls: 5%, P<0.0001)
mutations were more frequent in CD (Table 3), while the
frequency of SNP12 variant allele was not different, but
consistent in different cohorts (Table 4). The carriage of
SNP8, SNP13 (OR SNP8 allele = 2.41; 95%CI = 1.30-4.44,
ORSNP13 allele = 4.78; 95%CI = 2.50-9.11) and a further exon4
variant allele (R703CCD: 2.1% vs controls: 0%, OR = 6.89;
95%CI = 1.18- , P = 0.02) were identified as risk factors
for CD (Tables 3 and 5).
8

Detection of NOD2/CARD15 SNP8, 12, 13 and exon4 mutations
Genomic DNA was isolated from whole blood according
to the QIAamp DNA blood mini kit (QIAGEN GmbH,
Germany). Each exon was amplified by PCR using previously
published primer sequences[17]. The initial denaturation step
(at 94 ℃ for 7 min) was to activate AmpliTaq Gold (Applied
Biosystems, Foster City, CA, USA), followed by 33 cycles
(at 94 ℃ for 20 s, at 61 ℃ for 30 s, at 72 ℃ for 25 s) with
a final extension step at 72 ℃ for 7 min. Then denaturing
high-performance liquid chromatography (dHPLC, wave
DNA fragment analysis system, Transgenomic Limited, UK)
were performed to analyze the exons. PCR products were
denatured as a last step at 94 ℃ for 5 min to induce
heteroduplex formation during the following 30 min of
slowly cooling down to room temperature. Five microliters
of these PCR products were then automatically loaded onto
the DNASep cartridge (Transgenomic Limited, UK) in the
wave system. The specific acetonitrile gradient to elute each
exon was established by using the WaveMaker 3.4.4 software.
The particular run temperature for the detection of each
SNP was determined using positive controls, which were
kindly provided by Dirk Seegert from Kiel, Germany.
Finally, when a sequence variation was observed in the
dHPLC profile, the relevant PCR product was sequenced
on both strands to confirm the alteration. Sequencing
reactions were performed with the ABI BigDye terminator

cycle sequencing kit v1.1 (Applied Biosystems) and samples
were sequenced on an ABI Prism 310 genetic analyzer
(Applied Biosystems).

8

(age at onset, duration, location and behavior) was determined
according to the Vienna classification[30]. Perianal involvement,
presence of extraintestinal manifestations (EIM; arthritis:
peripheral and axial; ocular manifestations: conjunctivitis,
uveitis, iridocyclitis; skin lesions: erythema nodosum,
pyoderma gangrenosum; hepatic manifestations: primary
sclerosing cholangitis [PSC]), frequency of flare-ups
(frequent flare-up: >1/year), therapeutic effectiveness (e.
g., steroid and/or immunosuppressive resistance), need for
surgery (resections). Presence of familial IBD and smoking
habits were investigated by filling in a questionnaire.
The control group for mutation analysis consisted of
200 age- and gender-matched healthy subjects [male/female:
102/98, age: 38.05 (SD 10.7) years]. The study was approved
by the Semmelweis University Regional and Institutional
Committee of Science and Research Ethics (81/2003). Each
patient was informed of the nature of the study and signed
the informed consent form.

Table 2 NOD2/CARD15 and TLR4 D299G genotype in patients with Crohn’s disease (CD) and controls, n (%)
NOD2 genotype
A
Non-carrier
Controls (n = 200)
CD (n = 527)

167 (83.5)
342 (64.9)

All carrier
33 (16.5)
185 (35.1)

Heterozygous

Homozygous

33 (16.5)

0

133 (25.2)

1

Compound heterozygous
0

30 (5.7)

2

26 (4.9)3

TLR4 D299G
B
Non-carrier

All carrier

Heterozygous

Controls (n = 200)

176 (88.0)

24 (12.0)

23 (11.5)

1 (0.5)

CD (n = 527)

475 (90.1)

52 (9.9)

50 (9.5)

2 (0.4)

).

8

), 3ORcompound = 12.92 (2.2–

8

P<0.0001 between CD patients and controls, 1ORhet = 1.71 (1.12–2.60), 2ORhom = 14.43 (2.47–

Homozygous
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Table 3 NOD2/CARD15 SNP8, 12 and 13 in patients with Crohn’s disease (CD) and controls
R702W (SNP8)1

Wild type
All carriers
Heterozygous
Homozygous
1

CD n (%)

Controls n (%)

CD n (%)

Controls n (%)

CD n (%)

Controls n (%)

466 (88.4)
61 (11.6)
45 (8.5)
16 (3.1)

188 (94.0)
12 (6.0)
12 (6.0)
0

494 (96.7)
33 (6.3)
33 (6.3)
0

193 (96.5)
7 (3.5)
7 (3.5)
0

425 (80.6)
102 (19.4)
89 (16.9)
13 (2.5)

190 (95.0)
10 (5.0)
10 (5.0)
0

P = 0.02 and P<0.0001 between patients and controls for genotype frequency by 2-test, ORSNP8 allele = 2.41 (1.30–4.44), ORSNP13 allele = 4.78 (2.50–9.11).

Table 4 NOD2/CARD15 and TLR4 D299G mutations in different
cohorts of CD patients, n (%)

NOD2/CARD15
SNP8
SNP12
SNP13
TLR4 D299G
1

Budapest
(n = 185)

Veszprem
(n = 175)

Szeged
(n = 167)

64 (34.6)1
17 (9.2)
12 (6.5)
39 (21.1)1
21 (11.4)

61 (34.9)1
23 (13.1)2
10 (5.7)
33 (18.9)1
20 (11.4)

60 (35.9)1
21 (12.6)3
11 (6.6)
30 (18.0)4
11 (6.6)

P<0.0001, 2P = 0.0002, 3P = 0.0005, 4P = 0.04 cohort vs controls (Tables 2, 3).

Table 5 Further exon4 mutations in patients with Crohn’s disease
(CD) and controls

R703C 1
R713C
A755V
E778K
R791Q
V793M

CD (n = 527)

Controls (n = 200)

11 (1 homozygous)
1
2
0
5
2

0
0
1
1
1
1

P = 0.02 between patients and controls for allele frequency, ORR703C = 6.89 (1.18– ).
8

1

3020insC (SNP13)1

G908R (SNP12)

More homozygous (60%) or compound heterozygous
(69.2%) patients tended to be females compared to
heterozygous (46.6%) patients and non-carriers (49.1%).
The use of immunosuppressive drugs (P = 0.04) and the
need for surgery (resection, P = 0.006) were more frequent
in carriers of the mutation (Table 6). The percentage of
patients with resection was even higher in compound
heterozygous patients (65.4%, 17/26, P = 0.006 compared
to non-carriers by Fischer exact test). The presence of
variant NOD2/CARD15 allele affected disease phenotype
and was associated with earlier disease onset (26.4 vs 29.8 years,
P = 0.0006), the site of involvement (ileal involvement:
81.6% vs non-carriers: 69.0%, OR = 1.99, 95%CI: 1.29-3.08,
P = 0.02) and with stricturing behavior (OR = 1.69, 95%CI:
1.13-2.55, P = 0.02, Tables 6, 7). The presence of NOD2/
CARD15 variant alleles was not associated with the presence
of perianal manifestation associated disease duration, more
frequent relapses, familial disease and presence of EIMs or
smoking habits. EIMs were tendentiously even less frequent
in patients carrying two mutant alleles.

Table 6 Clinical characteristics of CD patients, with respect to the presence or absence of NOD2/CARD15 mutations
Total (n = 527)
Male/Female
Age (yr)
Age at presentation (yr)
Duration (yr)
Familiar IBD n (%)
Location (n)
L1
L2
L3
L4
Behavior (n)
B1
B2
B3
Perianal disease n (%)
Frequent relapse n (%)
Extraintestinal manifestations n (%)
Arthritis n (%)
Occular n (%)
Erythema
nodosum/Pyoderma n (%)
PSCa
Steroid use/
refractory n (%)
Azathioprine use/
refractory n (%)
Operation n (%)
Smoking (n)
Never
Active
Previous

Non carrier (n = 342)

Carrier (n = 185)

1 allele (n = 133)

2 alleles (n = 52)

265/262
36.9±9.1
37.1±7.6
8.2±5.0
63 (11.9)
136
136
251
4
216
128
183
140 (26.6)
195 (37.1)
175 (33.2)
147 (27.9)
27 (5.1)

174/168
37.9±13.0
29.8±12.1
8.1±7.0
38 (11.1)
84
103
152
3
151
71
120
89 (26.0)
126 (36.9)
117 (34.2)
98 (28.7)
18 (5.2)

91/94
34.9±11.61
26.4±9.71
8.5±6.7
25 (13.5)
52 1
33
99
1
65 1
57
63
51 (27.6)
69 (37.3)
58 (31.3)
49 (26.5)
9 (4.9)

71/62
35.2±11.7
26.4±9.6
8.8±7.0
17 (12.8)
362
26
71
0
483
42
43
36 (27.1)
47 (35.3)
45 (33.8)
36 (27.1)
9 (6.8)

20/32
34.3±11.4
26.5±10.2
7.9±5.8
8 (15.4)
162
7
28
1
17
15
20
15 (28.9)
22 (42.3)
13 (25)
13 (25)
0

48 (9.1)
18 (3.4)
440 (83.5)/
44 (10)
337 (64.1)/
19 (5.6)
220 (41.8)
308
170
49

30 (8.8)
15 (4.4)
282 (82.4)/
28 (9.3)
208 (60.8)/
10 (4.8)
128 (37.4)
191
115
36

18 (9.7)
3 (1.6)
158 (85.4)/
16 (10.1)
129 (69.7)1/
9 (7.0)
92 (49.7)1
117
55
13

15 (11.3)
3 (2.3)
114 (85.7)/
10 (8.8)
89 (66.9)/
7 (7.8)
66 (49.6)2
80
42
11

3 (5.8)
0
44 (84.6)/
6 (13.6)
40 (76.9)4/
2 (5)
26 (50.0)2
37
13
2

1
P<0.03 between carriers and non-carriers, 2P<0.03 between patients carrying one or two mutant allele and non-carriers, 3P = 0.043 between patients carrying one
mutant allele and non-carriers, 4P = 0.025 between patients carrying two mutant allele and non-carriers.
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Table 7 Genotype–phenotype associations with particular NOD2/CARD15 alleles in CD patients
None (n = 342)

SNP8 (n = 61)

SNP12 (n = 33)

SNP13 (n = 102)

Male/Female

174/168

28/33

14/19

51/51

Age (yr)

37.9±13.0

35.9±13.0

37.1±11.4

33.7±10.41

Age at presentation (yr)

29.8±12.1

26.6±10.9

28.8±10.0

26.0±8.41

8.1±7.0

9.3±7.6

11.4±6.42

7.7±6.1

38 (11.1)

9 (14.8)

7 (21.1)

11 (10.8)

L1

84

16

7

322

L2

103

12

5

16

L3

152

33

20

53

L4

3

0

1

1

B1

151

22

8

34

Duration (yr)
Familiar IBD n (%)
Location

Behavior

B2

71

15

13

31

B3

120

14

12

37

Perianal disease n (%)

89 (26.0)

18 (29.5)

7 (21.1)

32 (31.4)

Frequent relapse n (%)

126 (36.9)

24 (39.3)

13 (39.4)

38 (37.3)

Extraintestinal manifestations n (%)

117 (34.2)

17 (27.8)

14 (42.4)

31 (30.4)

Arthritis n (%)

98 (28.7)

16 (26.2)

14 (42.2)

24 (23.5)

Occular n (%)

18 (5.2)

1 (1.6)

2 (6.1)

4 (3.9)

Pyoderma n (%)

30 (8.8)

5 (8.2)

4 (12.1)

7 (6.9)

PSC n (%)

15 (4.4)

1 (1.6)

0

51 (83.6)/

31 (93.9)/

Erythema nodosum/

Steroid use/

282 (82.4)/

refractory n (%)

28 (9.3)

2 (1.9)
88 (86.3)/

7 (13.7)

2 (16.1)

6 (6.8)

38 (62.3)/

32 (97)1/

69 (67.6)/

Azathioprine use/ refractory n (%)

208 (60.8)/
10 (4.8)

4 (10.5)

2 (11.1)

3 (4.3)

Operationn (%)

128 (37.4)

27 (44.3)

23 (69.7)1

53 (52.0)2

Never

191

44

21

65

Active

115

12

9

33

36

5

3

4

Smoking habits

Previous

P<0.001 between carriers and non-carriers; 2P<0.03 between carriers and non-carriers.

Age at presentation (yr)

1

34
32

TLR4 absent

30
TLR4 present

28
26
24
22
20
18

absent
present
NOD2 variant allele

Figure 1 Association between genetics and age at presentation in
patients with CD.

The TLR4 D299G mutation was not different between
patients and controls (9.9% vs 12.0%, P = NS). The
frequency of familial IBD tended to be lower in patients
with TLR4 mutation (5.7% vs without 12.6%, P = NS).
However, the presence of variant TLR4 allele strengthened
genotype-phenotype associations (Figure 1; for age of onset:
non-carriers [n = 305]: 30.2 years, only TLR4 carriers
[n = 37]: 27.4 years, only NOD2/CARD15 carriers [n = 170]:
26.7 years, both NOD2 and TLR4 carriers [n = 15]: 23 years,
P = 0.03 for NOD2/CARD15 variant allele, and P = 0.06
for TLR4 variant allele by multiple regression and for ileal
involvement; in patients with TLR4 and NOD2/CARD15
mutations: 86.7% vs non-carriers: 64.8%).

In a logistic regression model, exploring the effect of
NOD2, TLR4 carriage, age at presentation, location, behavior
and smoking, presence of NOD2 mutation (coefficient =
0.54, OR = 1.71, 95%CI: 1.13-2.62, P = 0.01) and noninflammatory behavior (coefficient = 1.26, OR = 3.53,
95%CI: 2.76-4.51, P = 0.001) but not location, smoking or
carriage of TLR4 variant allele were independently
associated with the need for surgery. However, the
percentage of multiple resections was not different between
carriers and non-carriers (13.0% vs 11.1%, P = NS).

DISCUSSION
This is the first report on the prevalence of NOD2/
CARD15 mutations and TLR4 D299G polymorphism in
patients with CD from a Central Eastern European country.
The reported rates of 35.1% of patients carrying NOD2/
CARD15 mutations in CD and 16.5% in controls are in
concordance with previously reported rates of 30-50%
in CD and 7-20% in controls from other European
regions[12,15-17,32-35]. Only in Finland (which by language is
related to Hungary), the rate of NOD2 mutations was
considerably lower (8.7% vs 3.5% in controls)[21] . Similar
low frequencies were found in other Northern European
countries (8% in Denmark, and 8.9% in patients from
Norway)[28] . The prevalence of SNP8, 12 and 13 was 3.3,
0.6 and 4.8% in the Finish study (in controls it was 1.8%, 0
and 1.7%) with only the SNP13 being more common in
CD compared to controls. In our study, the rates were 11.6,
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6.3 and 19.4%, which are in concordance with other studies
from Europe (6.7-12.5%, 3.3-6.1% and 6.6-16% in CD
and 3.5-6.9%, 0.6-3.0% and 1.0-4.4% in controls)[17,33].
The phenotype-genotype correlations in our cohort
were also similar to those reported in various European
countries[6,17,36]. Ileal involvement in Hungarian patients was
more frequent in NOD2 mutation carriers (81.6%), while
disease confined to the colon alone was less frequent (17.8%),
especially in patients with two alleles, in the presence of
SNP13 or TLR4 variant allele. Like in other countries, in
our study, carriage of variant NOD2/CARD15 allele was
associated with stricturing disease (30.8% vs 20.8%), while
variant alleles were less frequent in patients with inflammatory
disease. More patients with stricturing disease carried a
mutant NOD2/CARD15 allele (44.5%) than patients
without strictures (32.1%, P<0.01). Steroid use and efficacy
were similar in mutation carriers and non-carriers, but a
higher percentage of patients carrying NOD2/CARD15
variant allele needed azathioprine during the course of the
disease, especially in the presence of two risk alleles. There
are conflicting data on the association of NOD2/CARD15
mutations and need for surgery in CD patients: association[37]
and also lack of association[16,17] have been reported.
In a French follow-up study [18], ileal location was
associated with early development of stricturing disease while
a high number of flares was associated with a penetrating
pattern, but this was not affected by the presence of variant
NOD2/CARD15 allele. Active smoking was also associated
with early development of penetrating disease. In our study
there was no difference in the proportion of smokers
between carriers and non-carriers of NOD2/CARD15
variant allele.
The importance of TLR4 D299G polymorphism in CD
is less clear. In contrast to Franchimont et al[27] who reported
a two-fold elevation in allele frequency of TLR4 D299G
(11% vs 5%, OR = 2.31), we found no difference in the
prevalence of TLR4 D299G polymorphism in CD patients
and controls, suggesting that this polymorphism is not
essential in the development of the disease. There is also
no difference in TLR4 allele frequency between IBD patients
and controls in concordance with the preliminary results of
the EC-IBD study group[28]. However, the rate of variant
allele is higher in the Hungarian controls compared to the
study of Franchimont et al[27]. We also found a tendency of
decreased frequency of the TLR4 D299G variant allele in
patients with familial disease (6% vs sporadic 13%, P = NS).
In our study, no clear-cut phenotype-genotype
associations were observed in TLR4 D299G carriers. The
presence of variant TLR4 allele tendencially associated with
early disease onset (P = 0.06), along with a gene-dosage
effect. The earliest onset (23 years) was observed in carriers
of both variant NOD2/CARD15 and TLR4 alleles (vs noncarriers 30.2 years, P = 0.01). The presence of TLR4 variant
allele did not affect disease behavior (in patients with variant
TLR4 allele, stricturing disease was present in 33.3% of
NOD2 carriers vs 17.1% of NOD2/CARD15 non-carriers).
In summary, this is the first report on the prevalence
of NOD2/CARD15 mutations and TLR4 D299G
polymorphism in patients with CD from a Central Eastern
European country. It confirms that the risk for CD is increased
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in carriers of R702W, R703C and 3020insC mutations,
while the presence of G908R or TLR4 D299G polymorphism
is not different from the controls. The presence of variant
NOD2/CARD15 alleles is associated with early disease
onset, ileal disease and stricturing disease behavior and
increases need for surgery, while the presence of TLR4
D299G variant allele exhibits a disease modifier effect.
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Abstract
AIM: To transfer human HGF gene into the liver of rats by
direct electroporation as a means to prevent radiationinduced liver damage.
METHODS: Rat whole liver irradiation model was
accomplished by intra-operative approach. HGF plasmid
was injected into liver and transferred by electroporation
using a pulse generator. Control rats (n = 8) received
electrogene therapy (EGT) vehicle plasmid and another 8
rats received HGF-EGT 100 g 48 h before WLIR.
Expression of HGF in liver was examined by RT-PCR and
ELISA methods. Apoptosis was determined by TUNEL
assay. Histopathology was evaluated 10 wk after whole
liver irradiation.
RESULTS: Marked decrease of apoptotic cells and downregulation of transforming growth factor-beta 1 (TGF-1)
mRNA were observed in the HGF-EGT group 2 d after
liver irradiation compared to control animals. Less
evidence of radiation-induced liver damage was observed
morphologically in liver specimen 10 wk after liver
irradiation and longer median survival time was observed
from HGF-EGT group (14 wk) compared to control rats
(5 wk). (P = 0.031).
CONCLUSION: For the first time it has been demonstrated
that HGF-EGT would prevent liver from radiation-induced
liver damage by preventing apoptosis and down-regulation
of TGF-1.
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INTRODUCTION
Radiation-induced liver damage is the end stage of acute
liver injury. The damage caused by radiation is characterized
by the development of anicteric ascites approximately 2
wk to 4 mo after hepatic irradiation. Radiotherapy
traditionally had a limited role in the treatment of
unresectable primary or metastatic intrahepatic cancers
primarily due to the low liver tolerance to radiotherapy.
Radiation-induced liver damage had been observed in 510% of patients who had received whole liver radiation
dose exceeding 30 Gy [1]. Although 3-D conformal
radiotherapy may greatly reduce the normal liver irradiated
volume through dose volume histogram evaluation, the
radiation-induced liver damage is the dose-limiting factor
for liver tumor irradiation. Recently developed intra-arterial
radiolabeled-iododeoxyuridine therapy, lipiodol-131I therapy,
or boron neutron capture therapy for liver cancers are all
also potentially limited by the risk of liver damage[2-4]. The
major pathological feature of radiation-induced liver damage
is veno-occlusive disease. The biological foundations of
radiation-induced liver damage are poorly understood. The
standard treatment is limited and has a high mortality rate.
HGF is a pluripotent factor associated with tissue growth
and regeneration [5]. HGF is a strong promoter of cell
survival[6,7]. It promotes the differentiation of mesenchymal
cells to epithelial or endothelial cells and plays a pivotal role
in the prevention of tissue fibrosis and dysfunction[8-10] .
Moreover, HGF is considered to be a major determinant
of whether the epithelium remains in a quiescent state or
shifts to a proliferative state associated with development
and tissue repair[8,11].
Under normal conditions, liver, kidney and spleen
produce low amounts of HGF. Noticeable pathological
changes such as ischemia, toxic injury or tissue loss would
result in the increase of HGF and its receptor c-Met during
the early stage of injury[12]. Although endogenous HGF levels
are elevated after tissue injury, the amounts are low during
the damage occurrence. Furthermore, high and sustained
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amounts of HGF are mandatory for subsequent tissue
repair. Therefore, the use of exogenous HGF therapy may
be an effective treatment for the prevention of tissue injury
and the promotion of tissue repair[13]. Recombinant HGF
has a short half life of 3-5 min, local regional continuous
infusion by intra-arterial pump would be an appropriate
delivery method to achieve high and sustained amount of
HGF to liver [12]. In addition, an alternative method for
sustained delivery of pharmacological level of protein in
target tissue would be based upon a gene therapy-mediated
approach.
Researchers reported that intra-muscular (IM) injection
of HGF genes ameliorated chemically-induced liver damage
in rabbits[14]. In vivo electrogene transfer (EGT) is considered
a highly efficient gene transfer method [15]. Electricitymediated HGF gene transfer into muscle has also been
reported to accelerate regeneration in cirrhotic livers of
mice after partial hepatectomy[9]. However, there was no
report of HGF gene therapy on the protection of radiation
damage. The present study was designed to assess the
efficacy of direct EGT with HGF gene into livers of rats
as a method to prevent radiation-induced liver damage.

MATERIALS AND METHODS
Plasmid DNA
Plasmid PCR3.1/hHGF was constructed by inserting the
full length cDNA of human HGF under a human
cytomegalovirus promoter. Human HGF cDNA (2.2 kb)
was subcloned into two KpnI sites. Plasmids were grown in
TOP10F’ competent cell, selected by ampicillin and
extracted by an EndoFree Plasmid Giga kit (Qiagen,
Valencia, CA). Enhanced green fluorescent protein (pIRES2EGFP) plasmid was obtained commercially (Clontech, Palo
Alto, CA, USA). DNA was dissolved in EndoFree TE buffer,
and the quality and quantity were assessed by measuring
the optical density at 260 and 280 nm.
Liver irradiation
Sprague-Dawley (SD) female rats (180-200 g) received whole
liver radiation. The experiment was approved by Animal
Committee of Veterans General Hospital-Taipei. Three
dosage levels were chosen and each dosage level included
eight animals. The measured variables were body weight
change, serum aspartate aminotransferase (AST), alkaline
aminotransferase (ALT) changes. An autopsy was
performed with specific attention to the liver histopathology
and animal survival proportion was counted. Before
irradiation, each animal was anesthetized with ketamine, and
its abdomen was opened. Most of the intestine, stomach,
and spleen were not within the radiation field. All organs
were kept moist with gauze soaked in lactate Ringer’s solution
during irradiation of 20 Gy, 40 Gy and 65 Gy with a Cobalt
machine. The rats were warmed with a light heater to
prevent hypothermia. The animal’s muscle layer was sewn
together with sterile 3-0 nylon sutures after irradiation. The
skin was closed with surgical clips.
EGT-HGF plasmids into liver
In order to observe the HGF protein and mRNA expression
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after direct HGF gene transfection by electroporation, we
investigated dose-responsive relationship of EGT HGF.
The left median or left lateral lobe of the liver was exposed
after the abdominal cavity was opened surgically. The center
of the lobe was caught between the tweezer-type electrode
disks. PCR3.1/hHGF plasmid DNA in 0, 25, 50, 100,
200 g/100 /L volume was injected with a microinjector
into the liver halfway between the two electrode disks.
Immediately after the DNA injection, electric pulses were
administered. The electrical pulses were delivered using an
Electro Square porator (T820, BTX, San Diego, CA)[16,17]
The rat’s liver was electroporated with 8 electrical pulses
of 50 ms duration at 50 V. One to eight electric pulses
were administered at a rate of one pulse per second. The
abdominal wound was then closed. The efficacy of liver
EGT was checked with 50 g EGFP plasmid co-administered
with HGF gene 50 g under fluorescence microscopy.
Protein extracts from the liver were prepared 2 d after
electroporation. The concentrations of HGF in rat liver
extracts after different doses of EGT-HGF were determined
by enzyme-linked immunoassay (ELISA) kit for human
HGF. (R & D Systems, Inc., Minneapolis, Minnesota, USA).
Therapeutic effect of EGT-HGF for the prevention of radiationinduced liver damage
The liver of each rat received EGT 48 h prior to a liver
irradiation of 65 Gy. The experimental groups (10 rats)
were transfected with PCR3.1/hHGF plasmid 100 g/liver,
and the control group (10 rats) was electroporated with
empty vector 100 g/liver. Blood samples were collected
weekly for 10 wk to examine the serial AST/ALT and the
changes in the transforming growth factor (TGF-1). One
rat from each group was sacrificed 2 d after irradiation to
examine the apoptosis formation and TGF-1 expression
in its liver sections. Serum HGF concentrations were
determined 7 d after EGT. One rat from each group was
sacrificed 10 wk after irradiation to investigate the
histopathological changes. The overall survival time was
recorded.
Identification of apoptosis
Terminal deoxynucleotidyl transferase-mediated dUTP nickend labeled (TUNEL) assay was performed for the detection
of apoptotic cells. Apoptotic hepatocytes were labeled in
situ using a FragELTM DNA fragmentation detection kitTdT enzyme (Oncogene, Boston, MA) according to the
manufacturer’s stipulations. First, 3 m thick deparaffinized
liver sections were pretreated with proteinase K (20 g/mL)
for 20 min at room temperature. After washing in TBS, the
endogenous peroxidase was inactivated in 3% H2O2 for
5 min, followed by incubation with TdT labeling reaction
mixture at 37 ℃ for 1.5 h in a humid chamber. After this
incubation, sections were incubated with stop solution for
5 min, blocking buffer for 10 min, and 1×conjugate buffer
for 30 min. Finally, sections were incubated with
diaminobenzidine (DAB) solution for 10-15 min, followed
by incubation with methyl green as counterstain. Apoptotic
cells were counted using a light microscope at a magnification
of ×100. Image quantification was performed using ImagePro Plus 4.1 program from Media Cybernetics (Silver Spring,
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MD) to determine the percent apoptotic cells. In addition,
some paraffin-embedded liver sections were stained to assess
histopathological changes.
Reverse transcription-polymerase chain reaction (RT-PCR)
analysis
Total cellular RNA was isolated from snap-frozen liver tissue
by using RNAzolTM B (Tel-Test, Friendswood, TX) according
to the manufacturer’s instruction. 1-3 g of RNA was
converted to complementary DNA by using SuperscriptTMII
Rnase H Reverse Transcriptase (Invitrogen, Carlsbad, CA).
Primer sequences for human HGF, TGF-1, and -globin,
used in PCR on complementary DNA in each reaction were
shown in Table 1. After the complementary DNA was
amplified by using primer HGF-1 and TGF-1-1, the PCR
product was amplified a second time by using primer HGF-2
and TGF-1-2. The cycle number of PCR was 30 for all genes.

Table 1 Primers for PCR
Gene

Primer sequences

HGF-1

Sense: 5’-CCAGCAGCACCATGTGGG-3’

HGF-2

Antisense: 5’-CAGCTATGACTGTGGTACC-3’
Sense: 5’-CTGCTGCTGCAGCATGTCC-3’
Antisense: 5’-GGCACATCCACGACCAGG-3’

TGF

Sense: 5’-GCTGCTGCCGCTTCTGCTCC-3’

TGF-1-2

Antisense: 5’-GCACTTGCAGGAGCGCACG-3’
Sense: 5’-GGCTTCTAGTGCTGACGCCCG-3’
Antisense: 5’-CCACCTTGGGCTTGCGACCC-3’

-globin

Sense: 5’-CCAATCTGCTCACACAGGATAGAGAGGGCAGG-3’
Antisense: 5’-CCTTGAGGCTGTCCAAGTGATTCAGGCCATCG-3’

Histocytochemistry
Autopsies were performed. The liver and adjacent organs
were visually examined to determine the possible cause of
death. One rat from each group was sacrificed on wk 10.
The liver was removed and fixed in buffered formalin and
stained with Masson trichrome staining method.
Deparaffinized sections were hydrated with distilled water.
Each section was rinsed well in distilled water and stained
step by step with Weigert’s hematoxylin for 10 min. This
was followed by a Biebrich scarlet-acid fuchsin solution for
15 min. Then the sample was treated with phosphomolybdicphosphotungstic acid for 15 min. The next phase was to
rinse with aniline blue solution for 10 min at RT. The final
process involved differentiation for 2 min in a 1% acetic
acid, dehydration and finally mounted with synthetic resin.
Statistical analysis
Results are expressed as mean±SD. Statistical difference
was assessed by the unpaired two-tailed Student’s t test.
The survival data was determined by Kaplan-Meier method
and a log-rank test was performed to compare the difference.
P<0.05 was considered significant.

RESULTS
Radiation-induced liver damage model
Single fraction radiation of 20-65 Gy to liver was performed
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intra-operatively with Cobalt machine. Rats that received
40 Gy and 65 Gy of irradiation gradually had a decreased
body weight and activity. There was no significant weight
reduction in the rats that received 20 Gy irradiation. All the
groups were observed for three months after radiation.
None of the rats in the 20 Gy group died of liver irradiation.
Fifty percent of the rats survived after 40 Gy, and only
twenty-five percent of the rats survived after 65 Gy of
liver irradiation at wk 12. All rats were autopsied and each
showed evidence of jaundice as indicated by yellow
coloration of the skin, urine and plasma. Ascites and
sometimes pleural effusion were also present. No irradiationrelated changes of adjacent intra-abdominal organs were
seen by macroscopic inspection. The liver surface was
adhered to the parietal peritoneum forming dense fibrous
tissue. Early deaths (≤6 wk) were associated with hepatic
congestion and swelling. Late deaths (≥10 wk) were usually
associated with a shrunken and sometimes deformed liver,
which indicated fibrosis formation. Microscopically, there
were distortion of liver cellular architecture, sinusoid
congestion, interstitial fibrosis, inflammatory cell infiltrations,
bile duct proliferation and focal hepatocyte necrosis around
hepatic veins. The pathology of 20 Gy irradiated animals
was not noticeably different from normal control except
for the varying congestion and dilatation of sinusoids and
slight infiltration of inflammatory cells. There was no
significant change of AST/ALT level in all treatment groups.
However, the transient elevation of the ALT levels were
observed in the second wk in the 65 Gy group, 6 th wk in
the 40 Gy group and 10 th wk in the 20 Gy group. Brown
apoptotic hepatocytes stained with TUNEL assay were
observed 2 d after radiation and were also visible 2 wk
later (data not shown).
Expression of HGF protein and mRNA after direct liver EGT
with HGF plasmid
The liver of rats, which had 65 Gy of irradiation were
used in the HGF-EGT experiments. PCR3.1/hHGF
plasmid DNA in 0, 25, 50, 100, and 200 g/100 L were
electroporated into the rat’s liver and killed them 48 h
later. Figure 1 indicated a dose-dependent increase of HGF
concentrations in liver protein extracts by ELISA. The HGF
expression reached a plateau after 100 g of plasmid
transfection by EGT. Green fluorescent protein can be
observed in the cytoplasm of hepatocytes from double-

HGF (ng/mg liver protein)
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Figure 1 ELISA of human HGF protein concentrations in extracts of
liver tissue taken from electroporated area 2 d after EGT-HGF.
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gene transfection groups. Green fluorescence protein
expressions were detected within 24 h, maximally at 3 d,
and persisted for 3 wk but gradually reduced in intensity.
The estimated transfection efficiency was around 40% 48 h
after EGFP electroporation as assessed by fluorescence
intensity under microscopic images examination (data not
shown). RT-PCR disclosed human HGF segment of 2.2 kb
in length 2 d after the EGT (data not shown).
Therapeutic effect of liver in situ EGT-HGF for the prevention
of radiation-induced liver damage
Two days after 65 Gy of irradiation, one rat from each
group was killed for an apoptosis study. Overall, there
was a mild swelling and a petechial change over the
electroporated field. TUNEL staining revealed a significant
increase in apoptotic cells in the liver specimen. As shown
in Figure 2, pre-administration of HGF plasmid by EGT
48 h before radiation markedly prevented formation of
apoptotic cells in the liver. Most apoptosis occurred around
the microvascular structures. Ten week after irradiation,
one rat from each group was sacrificed for histological study.
Grossly, moderate amount of ascites, jaundice, pleural
effusion and a shrunken liver were observed in the control
group. The degree of gross abnormality was less in the
EGT-HGF group. Microscopically, congested hepatic veins,
marked proliferation of bile ducts, increased fibrosis and

collagen around hepatic veins, concentric lamellations and
subintimal thickening of hepatic arteries were observed
in liver sections stained with Masson trichrome method
(Figure 3). There were fewer fibrosis in the rats treated
with EGT-HGF than radiation alone group. Biochemically,
the general patterns of serum ALT/AST showed no
significant difference between two groups except for the
transient elevation of ALT level one wk after irradiation in
the control group (mean 43.6±35.8 vs 53.4±30.8, P = 0.2,
Figure 4). EGT-HGF treatment seemed to suppress the
initial elevation of ALT level. The relative insensitivity of
ALT/AST changes for monitoring radiation-induced liver
damage indicated that liver parenchymal cell necrosis was
not the major pathological change from radiation damage.
The serum TGF-1 was also measured without consistent
patterns for reliable prediction of liver damage (data not
shown). No serum human HGF was detected by the ELISA
kit one wk after the administration of EGT. Overproduction
of TGF-1 is a major cause of radiation-induced tissue
fibrosis in liver and TGF-1 induces apoptotic cell death in
hepatocytes. The expression of TGF-1 in liver 48 h after
radiation from both groups by RT-PCR was investigated.
TGF-1 expression was markedly induced in the RT alone
group while the TGF-1 expression was down-regulated in
rats treated with EGT-HGF (Figure 5). Rats, which received
whole liver irradiation began to die 4 wk after irradiation.
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Figure 2 Apoptotic activities (TUNEL analysis) in rat liver after 65 Gy of irradiation. A: EGT-control vector 2 d before liver irradiation; B: EGTHGF 2 d before irradiation. Rats were sacrificed 2 d after irradiation and stained with TUNEL assay. Note the brown round stain indicated
TUNEL-positive cells, which gathered around microvascular region. EGT-HGF almost completely protected rat liver from radiation-induced
apoptosis; C: Percent of apoptotic cells were quantitated per 100 m 2 in areas shown on A and B. (P<0.05).

A

B

Figure 3 Histopathology of the liver 10 wk after 65 Gy of irradiation. A: rat liver (×200) receiving EGT-control-vector followed by 65 Gy of liver
radiation 48 h later; B: rat liver (×200) receiving EGT-HGF followed by 65 Gy of liver radiation 48 h later. The blue stain indicated fibrosis
formation. Fibrosis is more extensive with evidence of bile duct proliferation, sub-intimal thickening of arterioles with compromise of the
vessel lumens. The morphology changes were less severe in HGF gene therapy group.
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Figure 5 TGF-1 RT-PCR analysis 2 d after liver irradiation. C1:
rats receiving EGT-control vector and 65 Gy of liver irradiation;
C2: rats receiving EGT-control vector and 20 Gy of liver irradiation;
E1: rats receiving EGT-HGF and 65 Gy of liver irradiation. Figure
is the representative of 3 experiments.
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Figure 4 Weekly plasma ALT changes in rats receiving whole liver
irradiation. A: Serial plasma ALT changes in EGT-HGF plus radiation
group; B: Serial plasma ALT changes in EGT-control vector plus
radiation group.

EGT-HGF treatment had prolonged the median survival
time from 5 wk to 14 wk. By the end of 24 wk, the overall
survival was 0% in the control group and 37.5% in the
EGT-HGF group (Figure 6) (P = 0.031, Log-rank test).

DISCUSSION
In this study, HGF plasmid gene transferred into liver by
electroporation has been demonstrated to be effective in
the prevention of RILD in the liver. The introduction of
HGF gene by electroporation not only prevented the apoptosis
from radiation damage, but also improved overall survival
of the rats. Electroporation, a non-viral gene transfer method
has been widely used to introduce DNA into various types
of cells and organ[18]. The use of EGT in a liver had been
regarded as one of the most efficient method of delivering
and expressing high levels of exogenous genes in liver[19].
HGF gene therapy by EGT HGF plasmid had been
successfully reported in prolonging survival time in
chemically-induced liver cirrhosis with or without hepatectomy
models[9,14,20] . The expression patterns of HGF transfer
involving IM EGT is better than gene transfer using IM
high-dose adenoviral vector as it is very difficult to sustain
HGF levels due to adverse immune responses[21] . In case
of tumors which are not as permissive to adenovirus, it is
difficult to transduce a large number of tumor cells with
adenoviral vectors without inducing severe liver damage.
In contrast, the systemic toxicity is not a risk with plasmid
electroporation as with adenoviral transfection. In this study,
the liver electro-transfection efficiency of transferred gene
expression was observed from the co-transfection EGFP
plasmid by fluororescence microscopic image. Electroporation
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Figure 6 Survival analyses of rats after whole liver irradiation of
65 Gy. Segmented line (n = 8) indicated group that received EGTcontrol vector plus radiation treatment. Solid line (n = 8) indicated group that received EGT-HGF plus radiation treatment.

with eight electric pulses of 50 ms duration at 50 V gave a
good efficiency of transfection as judged by the induced
GFP expression. The transfection efficiency increased as
the amount of injected DNA was increased but seemed to
reach a plateau after 100 g of plasmid per transfection.
The volume and techniques of plasmid delivery limited the
maximal dose that could be delivered into the liver by direct
parenchyma injection. This technical obstacle may be solved
by producing micro-encapsuled plasmid injected via portal
vein in order to increase the plasmid retention in the liver
parenchyma before electroporation. The feasibility of HGF
gene transfer into the liver via the portal vein injection
followed by liver parenchyma electroporation has been
reported to attenuate rat liver cirrhosis[22].
In this experiment SD rat could tolerate high dose of
whole liver irradiation with an LD50 dose around 50 Gy.
Acute lethal intestinal injury was prevented by moving
intestine and stomach out of irradiation field. The advantage
of intra-operative whole liver irradiation is that one can
confirm visually that the liver is in the irradiation field and
most of the unnecessary irradiated gastrointestinal tract is
out of the irradiation field. Decreased hepatic function,
ascites, pleural effusion, jaundice, elevated AST/ALT and
histologic changes such as necrosis, parenchymal cell loss,
congested sinusoids, hemorrhagic extravasation, portal area
fibrosis and collagen around hepatic veins with concentric
lamellations and subintimal thickening of hepatic arteries,
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which were observed in the present study are similar to
veno-occlusive in humans[23,24]. Gerace et al[25] had reported
similar histological lesion with evidences of injury to hepatic
veins after whole liver irradiation of rats. Hebard et al [26]
had reported that the threshold radiation dose for vein
damage was less than the threshold dose for direct cell killing
of hepatocytes. AST/ALTs are parenchymal intracellular
enzymes released into systemic circulation when there is
hepatocellular injury and necrosis. Gerace et al [25] had
reported an average of 3 times higher level of elevation of
AST/ALT approximately 40 d after irradiation, which
coincided with the clearance of rose bengal. Nevertheless,
the results of this study indicated that both AST and ALT
are not sensitive enough to detect radiation-induced liver
damage through out the first 10 wk except some transient
elevation of ALT serum levels one wk after 65 Gy of
radiation. Apoptosis occurs early after irradiation, which
may be a better indicator of radiation damage, yet it needs
tissue biopsy. Serum TGF-1 may be an alternatives for
the early prediction of radiation induced injury. Murase et
al [27] have demonstrated that an elevated plasma TGF-1
concentration before transplant predicted the later
occurrence of veno-occlusive disease complications.
However, the present experiment failed to show correlation
of TGF-1 dynamic changes between groups with or
without HGF after irradiation.
Under normal conditions, liver, kidney and spleen
produce low amounts of HGF. Following damage such as
ischemia, toxic injury or tissue loss, HGF and its tyrosine
kinase receptor c-Met increase during early stage after
injury [12]. HGF and c-Met, forming complex have been
shown to interfere with apoptosis induced by ionizing radiation
in vitro[28,29]. We found TUNEL-positive signals were reduced
compared to those in the radiation alone group by preradiation EGT-HGF. This finding indicated that HGF
suppresses radiation-induced apoptosis. The apoptotic cells
mostly gather around the microvascular structures from
TUNEL assay. Recent evidence suggests that microvascular
endothelial apoptosis represents the primary lesion in
radiation damage[30]. Endothelial injury of sinusoids and small
hepatic veins is considered to be the initial event in genesis
of veno-occlusive disease. Emerging data suggest that
radiation acts directly on the plasma membrane of several
cell types, activating acid sphingomyelinase, which generate
ceramide by enzymatic hydrolysis of sphingomyelin.
Ceramide, then, acts as a second messenger in initiating an
apoptotic response via the mitochondrial system. Radiationinduced DNA damage can also initiate ceramide generation
by activation of mitochondrial ceramide synthase and de
novo synthesis of ceramide[30] . HGF acts to stabilize the
cell membrane in capillary endothelial cells and may play
the most important role in the prevention of radiation
induced apoptosis.
In addition to the direct anti-apoptosis effect of HGF
during radiation, professionals need to incorporate a
therapeutic strategy focused on the promotion of liver
regeneration and the prevention of subsequent fibrosis after
radiation damage[5,31]. HGF is a well known hepatotropic
factor for liver regeneration and has been reported to
increase hepatic collagenase activity, which promotes
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degradation of the extracellular matrix components[5,31] .
Another major benefit of HGF treatment after radiation is
the reduction of TGF-1 mRNA levels. TGF-1 is a crucial
factor in liver fibrosis and a potent growth inhibitor of
hepatocytes. TGF-1 is synthesized in non-parenchymal
cells such as stellate cells and inhibits hepatocellular DNA
synthesis both in culture and in vivo[32]. HGF and TGF-1
are key molecules which in general, exert opposite actions[33].
Geraci et al[34] had reported the TGF-1 mRNA markedly
expressed in non-parenchymal cells of rat liver early after
radiation and the expression may last for more than 90 d.
The present research demonstrated that irradiation rapidly
induced TGF-1 mRNA expression and HGF gene transfer
could antagonize the TGF-1 expression early after irradiation.
A sustained release of HGF (about 3 wk) from single EGT
may provide crucial antagonistic effect on a persistent
TGF-1 expression after RT. In addition, fibronectin
production from injured hepatic stellate cells was greatly
reduced[35].
The incidence of radiation induced liver damage would
be expected to increase due to a renewed interest in hepatic
irradiation because of the introduction of three dimensional
radiation therapy treatment planning and bone marrow
transplantation using total body irradiation. The mortality
rate of veno-occlusive disease is high ranged from 20 to
50% and is dose-limiting for liver radiotherapy. The data
from this study suggests that HGF gene transfer by
electroporation may inhibit radiation-induced apoptosis and
down-regulate the elevated TGF-1 levels after high dose
irradiation for the prevention of veno-occlusive disease and
liver fibrosis. Administration of HGF gene to normal liver
tissue by electroporation during surgical procedure is
clinically feasible, which may permit the safe delivery of
high doses of radiation to an unresectable or residual
hepatoma.
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Abstract
AIM: To describe the effect of Rheum tanguticum
polysaccharide (RTP) on hydrogen peroxide-induced
human intestinal epithelial cell injury.
METHODS: Hydrogen peroxide (100 mol/L) was
introduced to induce human intestinal epithelial cell injury.
Cells were pretreated with RTP (30,100,300 g/mL) for
24 h before exposure to hydrogen peroxide. Cell viability
was detected by MTT assay and morphological observation.
Acridine orange staining and flow cytometry were
performed to assess cell apoptosis. Lactate dehydrogenase
(LDH) activity, production of malondialdehyde (MDA) and
superoxide dismutase (SOD) activity were measured by
spectrophotometry with corresponding assay kits.
RESULTS: Following exposure to H2O2, a marked decrease
in cell survival and SOD activity, increased production of
MDA, LDH leakage and cell apoptosis were found.
Pretreatment of the cells with RTP could significantly
elevate cell survival, SOD activity and decrease the level
of MDA, LDH activity and cell apoptosis.
CONCLUSION: RTP may have cytoprotective and antioxidant effects against H2 O2-induced intestinal epithelial
cell injury by inhibiting cell apoptosis and necrosis. This
might be one of the possible mechanisms of RTP for the
treatment of ulcerative colitis in rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intestinal epithelium acts as a gateway that allows absorption
of dietary nutrients and restricts uncontrolled entry of
luminal antigens. This selective barrier function is critical
for maintaining mucosal immune homeostasis, as evidenced
in intestinal inflammation associated with loss of epithelial
integrity[1].
Epithelial apoptosis, in the gastrointestinal tract, is
normally restricted to superficial cells, but in pathological
states of inflammation or infection, apoptotic cell death
can be far more expansive[2]. Mucosal lesion in inflammatory
bowel disease (IBD) is characterized by dense inflammatory
cell infiltrate mainly comprised of neutrophils, macrophages
and lymphocytes. Although many inflammatory mediators
secreted by these cells, including cytokines IL-1, IL-6, IL-8,
IL-10, TNF- and leukotrienes together with luminal
bacterial products such as bacterial lipopolysaccharide (LPS)
and chemotactic peptide fMLP, have been implicated in
the mucosal injury observed in IBD[3], and the molecules
that mediate tissue damage remain poorly understood[4-7].
Recent indirect evidence has, however, implicated reactive
oxygen and nitrogen species (RONS) such as nitric oxide
(NO), superoxide (O2-), peroxynitrite (ONOO-), hydrogen
peroxide (H2O2), and hypochlorite (OCl-) in the pathogenesis
of mucosal lesion[8-11].
Rheum tanguticum Maxim ex Balf is a well-known
traditional Chinese medicine especially for the treatment
of gastrointestinal diseases. Polysaccharide is one of its major
active ingredients. Our previous studies have demonstrated
that polysaccharide extracted from Rheum tanguticum (RTP)
can prevent 2, 4, 6-trinetrophene sulphonic acid (TNBS) induced ulcerative colitis in rats[12]. The present study was
mainly conducted to describe whether RTP had protective
effects on intestinal epithelial cells against hydrogen peroxideinduced acute oxidant stress in vitro.
MATERIALS AND METHODS
Cell culture
HIEC cell line derived from normal human intestinal
epithelium was used in our experiments. It was provided by
Dr. Na Liu (Research Institute of Gastroenterology of Xijing
Hospital, Xi’an, China). Cells were grown in media containing
RPMI1640 (HyClone, South Logan, UT) with 10% heat-
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inactivated fetal bovine serum (FCS, HyClone, South Logan,
UT) and antibiotics (100 U/mL penicillin and 100 g/mL
streptomycin) and maintained at 37 ℃ in a humidified
atmosphere containing 50 mL/L CO2.
Effect of RTP on intestinal epithelial cell morphology
Following pre-treatment with or without RTP (30, 100,
300 g/mL) for 24 h, HIEC cells were exposed to H2O2
(100 mol/L) for another 2 h. Epithelial monolayers were
then photographed with a Nikon camera under an inverted
phase contrast microscope (Leica, Germany).
Effect of RTP on intestinal epithelial cell viability
HIEC cells (1×103/well) were seeded onto 96-well plates.
Cultures were then supplemented with or without RTP (30,
100,300 g/mL) and incubated for another 24 h before
H2O2 (100 mol/L) was added. Colorimetric MTT assay
was performed to assess cell viability. Tetrazolium salt thiazolyl
blue was added to a final concentration of 5 mg/mL and
incubated for 4 h. Cells were washed and lysed with dimethyl
sulfoxide (DMSO). Metabolization of MTT correlated
directly with the cell number and was quantified by measuring
the absorbance at 570 nm (reference wavelength 690 nm)
using a microplate-reader. All experiments were performed
in triplicate at least.
Determination of apoptotic cells by acridine orange staining
Acridine orange staining was used to confirm the absence
or presence of apoptosis by morphological criteria. In brief,
cells were inoculated onto the glass slides pre-coated with
poly-L-lysine. At the end of experiment, cells from each
group were fixed in 95% ethanol for 15 min, and then
pre-treated with 1% acetic acid for 30 s before incubation
with acridine orange (AO, 2×10-6 g/mL, Sigma, St. Louis,
MO) for 1 min. Cells were visualized for nuclear fragmentation
under a phase-contrast inverted microscope (Leica).
Induction of apoptosis with H2O2 and reduction in extent of
the apoptotic response to RTP were confirmed qualitatively.
Determination of cell apoptosis by flow cytometry
Cell apoptosis was examined by flow cytometry using an
Annexin V-FITC Apoptosis Detection Kit (Middlefield Way,
Mountain View, CA). Cells were treated in a similar manner
as described above for the MTT assay, collected and
incubated with Annexin V-FITC and propidium iodine (PI)
for 5 min in darkness. The double-stained cells were then
analyzed by flow cytometry to detect the percentage of
apoptotic cells. The excited wavelength was 488 nm and
the emission wavelength was 530 nm.
Measurement of lactate dehydrogenase (LDH) activity
Cells were pre-treated with or without RTP (30,100,
300 g/mL) for 24 h before exposed to H2O2 (100 mol/L,
2 h). LDH, an indicator of cell injury, was detected by
chromatometry with an assay kit (Nanjing Jiancheng
Biochemical Reagent Co., Nanjing, China). Briefly, cell
medium (50 L) was gently aspirated and saved for LDH
determination. After reaction, each sample was detected
and the absorbance was read at wavelength 440 nm.
LDH could catalyze the synthesis of pyruvic acid from

March 14, 2005

Volume 11

Number 10

lactic acid and pyruvic acid then reacted to form 2,4dinitrophenyl-hydrazine. The latter showed brownish red
color in basic solution.
Measurement of malondialdehyde (MDA) content and
superoxide dismutase (SOD) activity
Cells were pre-treated with or without RTP (30,100,
300 g/mL) for 24 h before being exposed to H2O2 (100
mol/L, 2 h). The content of MDA, a compound produced
during lipid peroxidation, was determined using the
thiobarbituric acid method with a commercial kit. The
absorbance of each supernatant was measured at 532 nm.
SOD, an important anti-oxidant enzyme that plays a
pivotal role in preventing cellular damage caused by ROS,
was measured by spectrophotometry using a commercially
available detection kit (Nanjing Jiancheng Biochemical
Reagent Co. Nanjing, China) according to the manufacturer’s
instructions.

RESULTS
RTP changed intestinal epithelial cell morphology
Following exposure to hydrogen peroxide, cell numbers
decreased markedly; most cells demonstrated round shape
and loss of adhesion. Pre-treatment with RTP could
significantly alter morphological appearance of HIEC cells
and showed cell protective effects (Figure 1).
Effect of RTP on intestinal epithelial cell viability
After exposure to H2O2, cell viability decreased significantly
compared to normal group (P<0.05). Cell viability increased
in a dose-dependent manner after being treated with RTP
(P<0.05). The pre-treatment with RTP at 300 g/mL could
prevent over 80% of H2O2-induced cell death (Figure 2).
Morphological changes of cell apoptosis after different
treatment
After exposure to H2O2 for 2 h, typically morphological
characteristics of apoptotic cells were identified with
chromatin aggregated in compacted masses, displaying strong
green fluorescence in nuclei. Clusters of membrane-bound
apoptotic bodies were also present. Cells in normal group
showed normal size, shape and greenish structure of nuclei
with different shades. When the cells were pre-treated with
RTP, apoptosis could be partially inhibited (Figure 3).
Detection of cell apoptosis by flow cytometry
No Annexin V-positive cells were detected in normal group,
while a large number of Annexin V-positive cells were
detected in H2O2 group compared to RTP pre-treated groups.
The apoptotic rate of cells in H2O2 group was 31.1%. In
RTP pre-treated groups (100 and 300 g/mL), the apoptotic
rates were 24.4% and 21.5% respectively. When compared
with H2O2 group, there was a significant difference (P<0.05)
(Figure 4).
LDH activity after different treatment
LDH release into the media was used as an index of the
integrity of cell membranes or necrosis in response to the
oxidant burden.
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Figure 1 Effect of RTP on cell injury induced by H2 O2 after different treatment. A: Normal; B: H2 O2; C: H2O2+RTP. 1: 100×; 2: 200×.
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Figure 2 Effect of RTP on cell viability after different treatment.
P<0.05 vs normal, cP<0.05 vs H2 O2 .

Figure 3 Morphological changes of cell apoptosis detected by
acridine orange staining. A: Normal; B: H202 ; C: H2 02 +RTP.

As shown in Figure 5A, there was a marked increase of
LDH leakage after addition of H2O2 to the culture media. This
response was attenuated by RTP in a dose-dependent manner.

exposed to 100 mol/L H2O2. However, H2O2-induced
MDA production was markedly attenuated in a dosedependent manner by RTP.
In addition, compared to the control cultures, the activity
of SOD was decreased by 80% when the cells were exposed
to H2O2. Pre-treatment with RTP significantly attenuated
the changes of SOD activity in a dose-dependent manner
as well (Figure 5C).

a

MDA content and SOD activity after different treatment
The toxicity caused by H2O2 was normally accompanied
with the increase of lipid peroxides. As shown in Figure 5B,
the intracellular MDA increased after the cultures were
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Figure 4 Effect of RTP on cell apoptosis after different treatment detected by flow cytometry. A: Normal; B: H2 O2; C: H2O2+RTP (100 g/mL);
D: H2O2+RTP (300 g/mL).

al
rm
No

C 20

B
b
d

d

d

L
L
O2
mL
H2
/m
g /m  g /

g
0
0
0
0
3
0
1
P
3
RT
H2O2

3.0
2.5
2.0
1.5
1.0
0.5
0.0

al
rm
No

b

d

d
d

L
O2 /mL mL
/
/m
H2
g
g 0 g
30 100
0
3

H2O2

SOD activity (U/L)

1 400
1 200
1 000
800
600
400
200
0

MDA content (nmol/L)

LDH activity (U/L)

A

18
16
14
12
10
8
6
4
2
0

al
rm
No

d
d
b

d

L
L
L
O2
H2
g /m  g /m  g /m

0
00
00
P3
P3
P1
RT
RT
RT
H2O2

Figure 5 Effect of RTP on LDH activity (A), MDA content (B) and SOD activity (C) after different treatment b P<0.01 vs normal, d P<0.01 vs H2O2.

DISCUSSION
Epithelial apoptosis is increased in inflammation or infection[2].
Apoptotic cell death is accompanied with activation of
various cell death pathways including caspases, ceramide,
altered gene expression, mitochondrial dysfunction and
consumption of ATP[4,5].
Although these signals and metabolic events may be
important in the regulation of cell death, cell death pathways
are also associated with the secondary production of oxidants
that appears to contribute to the magnitude of cell death.
The intracellular redox level, in particular, has been shown
to play a critical role[13].
There is ample evidence that cell death is associated
with increased intracellular levels of reactive oxygen species
(ROS)[14,15]. This increase in ROS may be due to overproduction
of ROS from extracellular or intracellular processes, or
there may be a decrease in endogenous antioxidant defense.
Much work in recent years has been centered on such
intracellular antioxidants as superoxide dismutase, GSH, and

catalase. Alterations in activities of these antioxidant systems
have been implicated as causes of diseases as well as cell
death[16].
Evidence for the involvement of reactive oxygen
metabolites is found in inflammatory bowel disease in man
and in animal models of intestinal inflammation. Superoxide
and hydrogen peroxide generated by activated leukocytes
cause damage to the mucosa in intestinal inflammation[15].
Reactive oxygen radicals are unavoidably formed in
biochemical processes, and several enzymes are designed
to inactivate those metabolites under physiological conditions
including cytochrome oxidase, superoxide dismutase and
catalase. It has been demonstrated that activated leukocytes
form reactive oxygen metabolites and oxidative stress is
one of the causes for tissue injury during inflammatory
bowel diseases[17].
Polysaccharide is one of the major active ingredients of
Rheum tanguticum. Polysaccharide abstracted from Rheum
tanguticum can stimulate the function of phagocytes, thus

Liu LN et al. Rheum tanguticum polysaccharide on HIEC cells

protecting livers function and others[12,18]. Here, polysaccharide
with molecular weight 65-80 kDa, has strong anti-oxidant
and protective effects against H2O2-induced cell injury in
cultured HIEC cells.
Pre-treatment with RTP at 300 g/mL could preserve
over 90% of cell survival after H2O2 insult and decrease
LDH leakage and cell apoptosis. The isolated polysaccharide
also inhibits the production of MDA and the activity of
SOD caused by exogenous H2O2. Thus, RTP may serve as
a useful protective agent that mitigates the oxidative stress.
Free radical molecules can lead to damage or destruction
of a variety of tissues. Excessive reactive oxygen species
result in lipid peroxidation, oxidation of proteins and damage
of DNA. Cells are often equipped with several antioxidants
for the prevention of free radical damage. SOD and GSHPx, along with other non-enzymatic antioxidants, such as
ascorbate and GSH, serve as a detoxifying system to prevent
cell damage caused by reactive oxygen species, and among
these, antioxidant enzymes play a pivotal role. The combined
action of GSH-Px and SOD provides a repair mechanism
for oxidized membrane components. Exposure of cultured
cells to free radicals results in an imbalance in energy
metabolism in addition to the deleterious effects of hydroxyl
and peroxyl radicals on membrane lipids and proteins.
Therefore, cellular function is impaired, which finally causes
cell death[19].
In conclusion, H2O2-induced decrease in cell survival is
correlated with reduction in SOD activity, enhancement in
cell apoptosis and MDA content. RTP may have protective
effects against H2O2-induced intestinal epithelial cell injury.
Further studies are needed to confirm the exact mechanism
of these effects.
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and protein significantly elevated at 24 h and the peak
was at 21 d. Pretreatment with PDTC could attenuate the
development of inflammation but not by reducing NF-B
activity. This attenuation of inflammation had a positive
relationship with the dose of PDTC. PDTC at the dose of
100 mg/kg had no therapeutic effect after colitis was
induced.
CONCLUSION: NF-B activation is an important event
that may be involved in acute and chronic inflammation
development and may contribute to self-protection against
early inflammation damage. NF-B also regulates ICAM-1
expression during colonic inflammation. Pretreatment of
PDTC may attenuate the inflammation development. But
PDTC has no therapeutic effect after the colitis is induced.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To explore the changes of nuclear factor-kappa B
(NF-B) DNA-binding activity, the expression of intercellular
adhesion molecule-1 (ICAM-1) regulated by NF-B at
various times and to evaluate the effects of pyrrolidine
dithiocarbamate (PDTC) on trinitrobenzene sulfonic acid
(TNBS)-induced rat colitis.
METHODS: TNBS of 0.6 mL was mixed with ethanol of
0.3 mL solution and instilled into the lumen of the rat
colon. The rat models were divided into 6 groups, which
were killed at 24 h, 3, 7, 14, and 21 d after enema. Colonic
inflammation and damage were assessed by macroscopical
and histological criteria. Activity of NF-B DNA-binding was
analyzed by electrophoresis mobility shift assays (EMSA).
Expression of ICAM-1 was detected by in situ hybridization
(ISH) and immunohistochemistry (IH). Then various doses
of PDTC were injected into rat abdomen 30 min before
enema with TNBS/ethanol as pretreatment. The rats were
killed 4 h after enema and the colonic inflammation,
myeloperoxidase (MPO) activity, malondialdehyde (MDA)
level, and DNA-binding activity of NF-B were assessed.
Finally, PDTC was injected intraperitoneally after colitis
was induced. Changes of morphology were assayed.
RESULTS: During the first week, hyperemia, hemorrhage,
edema and ulceration of the colonic mucosa appeared
with predominant infiltration of leukocytes. Neutrophils,
macrophages, lymphocytes infiltrated in mucosa and
submucosa 14 d later. Fibroblasts and granuloma-like
structures were also obviously seen. The binding activity
of NF-B began to increase at 24 h time point and reached
a peak at 14 d, then decreased but still was higher than
control group at 21 d (P<0.01). Levels of ICAM-1 mRNA

Key words: Nuclear factor; Pyrrolidine dithiocarbamate;
Rat; Colitis
Chen K, Long YM, Wang H, Lan L, Lin ZH. Activation of nuclear
factor-kappa B and effects of pyrrolidine dithiocarbamate
on TNBS-induced rat colitis. World J Gastroenterol 2005;
11(10): 1508-1514

http://www.wjgnet.com/1007-9327/11/1508.asp

INTRODUCTION
Nuclear factor-kappa B (NF-B), which regulates inflammatory
and immune processes, is a ubiquitous transcription factor.
It has been proved that many inflammatory diseases, such
as rheumatoid arthritis, inflammatory bowel disease and
systemic inflammatory response syndrome, have the sites
at which NF-B is highly activated[1]. Once activated, NF-B
translocates to the nucleus from the cytosol, then binds to
the consensus sequence on promoter or enhancer region
of related gene and regulates gene transcription. It is known
that several kinds of proinflammatory cytokine genes are
regulated by it, such as IL-1, IL-3, IL-6, IL-8, TNF, and
ICAM-1. Thus, the event of NF-B activation has been the
critical position in the inflammatory cascade. In inflammatory
bowel disease, a pathogenetically unclear disease, it has been
proved that NF-B, including p50, c-Rel, and especially
p65 is activated in macrophages at lamina propria. And
in vitro the treatment of these cells with antisense p65
oligonucleotides reduced proinflammatory cytokine
production[2]. Another research showed the administration
of antisense phosphorothioate oligonucleotides to p65
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subunit of NF-B attenuated colitis in IL-10-deficient
mice and in trinitrobenzene sulfonic acid-induced colitis
model[3].
Intercellular adhesion molecule-1 (ICAM-1) is a cytokineinducible glycoprotein belonging to the immunoglobulin
supergene family. It is constitutively expressed on a limited
number of cell types including endothelial cells and it is
induced on a wide variety of cells by inflammatory cytokines
such as IL-1, TNF, IFN[4]. There is a ligand by which the
leukocyte integrins leukocyte function associated molecule-1
and Mac-1 and participates in leukocyte adhesion to activated
endothelial cells, T cell/antigen presenting cell, T cell/T
cell, and T cell/B cell interactions. So when inflammation
happens, it can recruit leukocytes to local inflammatory region
resulting in acceleration and development of disease. Van
der Saag found that there was a specific ICAM-1 gene
sequence (TGGAAATTCC) bound to NF-B and its
transcription was regulated by activated NF-B[5].
Pyrrolidine dithiocarbamate (PDTC) represents a kind
of antioxidants reported to be an effective NF-B inhibitor
through its ability to traverse the cell membrane and its
prolonged stability in solution at physiological pH. The report
by Cuzzocrea showed that it could attenuate acute and
chronic inflammatory development induced by activated
NF-B[6].
The aims of this study were two-fold. First, to establish
a colonic inflammatory rat model similar to human Crohn’s
disease by the intraluminal instillation of a solution containing
2,4, 6-trinitrobenzenesulfonic acid/ethanol and explore the
significance of DNA-binding activity changes of NF-B at
various times in this model. Meanwhile, to study the
expression of ICAM-1 regulated by NF-B in colonic tissue.
Second, to evaluate the effects (including pretreatment and
therapy effects) of pyrrolidine dithiocarbamate (PDTC) on
acute and chronic colitis.

MATERIALS AND METHODS
Materials and animals
2,4,6-Trinitrobenzenesulfonic acid 5% was purchased
from Sigma (USA). EMSA kit was from Promega (USA).
Occult blood test reagents, myeloperoxidase (MPO) and
malondialdehyde (MDA) reagent kits were provided by
Nanjing Jiancheng Biological Research Unit (China).
- 32 PATP was purchased from Beijing Furui Company
(China). In situ hybridization (ISH) kit, immunohistochemistry
(IH) kit of ICAM-1 and anti-rabbit polyclonal antibody of
ICAM-1 was from Wuhan Boshide Biological Company
(China). Anti-rat monoclonal antibody of p65 was from
Beijing Zhongshan Biological Company (China). All other
chemicals were obtained from either Sigma or Beijing Dingguo
Company. Male Sprague-Dawley (S-D) rats (170-200 g body
wt) were from specific pathogen free unit in Animal Center
of Guangdong Medical College.
Establishment of rat colitis model
All rats were maintained at 23 ℃ on a 12 h light/dark cycle
and allowed free access to water and standard laboratory
chow. From 12 h before the start of the experiments, the
animals were deprived of food except access to water.
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For NF-B activity study, rats were divided into six
groups by randomized block design: (1) enema with 0.9 mL
normal saline (NS group, n = 6, killed at 24 h), (2) enema with
0.6 mL TNBS+0.3 mL ethanol once (T/E group, n = 30,
killed at 24 h, 3, 7, 14, 21 d independently). The macroscopic
and microscopic damage score criteria were according to
Butzner’s and Wang’s[7,8].
For the PDTC pretreatment study, 48 rats were divided
into six groups: (1) enema with normal saline (N group, n = 8),
(2) enema with TNBS/ethanol and normal saline given as
an intraperitoneal (i.p.) bolus 30 min before enema (M group,
n = 8), (3) various doses of PDTC, respectively 10, 25, 50,
100 mg/kg, were injected into rat abdomen 30 min before
enema (P10, P25, P50, P100 groups, n = 32). Rats were
bled to death 4 h after enema. The microscopic damage
score criteria were according to Millar’s[9].
For the PDTC therapy study, 30 rats were divided into
three groups: (1) enema with normal saline and normal
saline given i.p. every 48 h starting from d 1 (group A, n = 10),
(2) enema with TNBS/ethanol and normal saline given i.p.
starting from d 1 (group B, n = 10), (3) enema with TNBS/
ethanol and PDTC given (100 mg/kg) i.p. starting from
d 1 (group C, n = 10). Rats were killed on d 14. The
morphology damage score was according to Butzner’s[7].
The colon was removed, freed from surrounding tissues,
opened along the antimesenteric border, rinsed, and weighed.
One part was processed for histology, immunohistochemistry
and in situ hybridization. The other part was stored in liquid
nitrogen for NF-B, MPO, and MDA detection.
Nuclear protein extractions
Nuclear protein was extracted as described by Gukovsky
et al[10]. Briefly, colon tissue was pounded to pieces in liquid
nitrogen, then homogenized in 312 L of cold buffer A
(10 mmol/L HEPES-KOH, 1.5 mol/L MgCl2, 10 mmol/L
KCl, 1 mmol/L PMSF, 1 mmol/L DTT, 10 g/mL leupeptin,
35 g/mL aprotinin) for 10-20 times. The samples were
separated by centrifugation (0 ℃, 2 000 r/min, 15 s) and
the supernatant was incubated in ice water for 5 min, and
then spun by centrifugation (0 ℃, 5 000 r/min, 10 s) again.
The supernatant was discarded and 104 L buffer B
(20 mmol/L HEPES-KOH, 25% glycerol, 420 mmol/L
NaCl, 1.5 mmol/L MgCl2, 1 mmol/L PMSF, 1 mmol/L
DTT, 10 g/mL leupeptin, 35 g/mL pepstatin, 10 g/mL
aprotinin) was added. The deposits were incubated in ice
water for 20 min. Finally, the samples were separated by
centrifugation (0 ℃, 12 000 g, 15 min). Supernatant liquid
was stored at -70 ℃. Protein concentrations were determined
by Bradford assay.
Electrophoretic mobility shift assays (EMSA) of NF-B
The activity of NF-B DNA-binding was detected by EMSA
as described by Molloy with the following modification[11].
The double-stranded oligonucleotide sequence of 5’AGTTGAGGGGACTTTCCCAGGC-3, 3’-TCAACTCCCCTGAAAGGGTCCG-5’, which corresponds to the B
binding site, was end-labeled with [-32P]ATP by T4
polynucleotide kinase (Promega). Labeled probes were
purified and counts per minute (CPM) were detected with
Whatman DE81 (>5 000 CPM). The nuclear extract
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equivalent to 15 g was mixed with 5×binding buffer 2 L
(room temperature, 10 min), then labeled probe (0.0175 pmoL)
was added and incubated (room temperature, 20 min). The
mixture was then subjected to electrophoresis on 4%
polyacrylamide gel at 150 V in 0.5×TBE buffer for 40 min
at 4 ℃. After being dried, the gel was exposed to imaging
system of FX P screen (Bio-Rad, America) for 24 h. The
result was analyzed with software Bandscan 4.0 (denary
logarithm of total grey value). Specific competition was
performed by addition of specific unlabeled double-stranded
oligonucleotide to the reaction mixture in 50-100 fold excess,
while nonspecific competition with AP2 oligonucleotide.
Supershift assay was performed with the rabbit monoclonal
antibody against p65 to verify p65 subunit.
ICAM-1 mRNA and protein detection
In situ hybridization (ISH) and immunohistochemistry (IH)
were employed to detect ICAM-1 mRNA and protein, as
described from reagent kit. Immunohistochemical score
(IHS) was applied to evaluate ISH or IH described by
Soslow[12]. IHS was calculated by combining an estimate of
the percentage of immunoreactive cells (quantity score) with
an estimate of the staining intensity (staining intensity score),
as follows. 0: no staining; 1: 1-10% of cells stained; 2: 11-50%
of cells stained; 3: 51-80% of cells stained; 4: 81-100% of
cells stained. Staining intensity was rated on a scale of 0-3,
with 0 = negative; 1 = weak; 2 = moderate, and 3 = strong.
When there was multifocal immunoreactivity and there are
significant differences in staining intensities between foci,
the average of the least intense and most intense staining
was recorded. The raw data were converted to IHS by
multiplying the quantity and staining intensity scores.
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Detection of MPO, SOD and MDA of colon tissues
MPO, T-SOD and MDA were determined by the methods
of the respective kits.
Statistical analysis
Parametric data were presented as mean+SD and statistical
analyses were performed using the two-way ANOVA or
t-test with the software package SPSS 8.0. Results were
considered significant at a P value of less than 0.05.

RESULTS
Severity and morphology of TNBS/ethanol induced colitis
Intracolonic administration of TNBS/ethanol to S-D rats
induced a severe illness characterised by bloody diarrhea
and a dramatic loss of body weight during the first week.
Then the body weight increased but diarrhea still persisted
for about two weeks. Two rats died on d 5, 12. No changes
could be observed in NS group. Macroscopic evaluation
of the colon and rectum up to 24 h after TNBS treatment
revealed the presence of mucosal edema and hemorrhagic
ulcerations. Conglutination was obvious later. Histologic
examination showed predominant infiltration of leukocytes
and erythrocytes in mucosa and submucosa in the first
week. Neutrophils, macrophages, lymphocytes infiltrated
in mucosa, submucosa and muscularis propria 14 d later
(Figures 1 A-D). Fibroblasts and granuloma-like structures
were also obviously seen. No damage was seen in NS
group. The macroscopic and microscopic damage score
showed the peak at d 3, then decreased (scores in T/E group
at various time points vs scores in NS group, P<0.01)
(Figure 2).

A

B

C

D

Figure 1 Changes of histological morphology in NS or T/E group. A: No damage in NS group, HE x200; B: Erosion, hemorrhage, edema, and
ulceration at mucous and submucous layers at 24 h time point. HE x100; C: Ulcer at 14 d, HE x100; D: Granuloma-like structures and
inflammatory cells in submucosa at 14 d, HE x100.
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Figure 4 ICAM-1 mRNA expression of colonic tissue in various
groups. aP<0.05 vs IHS in NS group.

(Figure 3). Supershift analysis showed that pre-incubation
with the antibodies against p65 was followed by a weakening
and lagging of the NF-B -DNA complex band. Almost no
effect could be seen with the nonspecific antiserum. This
indicates that the majority of the dimers in inflammatory
intestinal tissue contained a p65 subunit.

Activity of NF-B
5.0

24 h
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Figure 2 Changes of morphologic scores at various time points.
P<0.01 vs macroscopic score in NS group. dP<0.01 vs microscopic
score in NS group.
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Figure 3 NF-B activity of colonic tissue in various groups. A:
The binding act iv ity of NF-B increased wit h inflammation
progression. b P<0.01 vs NF-B activity in NS group; B:The image
of EMSA in various group and competition test. lanes 1-6: NF-B
activity in NS, 21 h, 3 d, 7 d, 14 d, and 21 d groups. lane 7: with
the labeled probe. lanes 8-9: specific competition experiment
with 50, 100 fold excess of unlabeled probe. lane 10: nonspecific
competition experiment with AP2 probe.

EMSA for NF-B
Nuclear extracts from normal or inflamed colon tissue at
various time points were isolated and analyzed by EMSA.
The EMSA analysis showed a strong activation of NF-B
in rat inflamed colon tissue induced by TNBS/ethanol from
24 h to 21 d. It began to increase sharply at 24 h and the
peak was on 14 d. The activity of NF-B was very weak in
noninflamed colon tissue of NS group. To assess the
specificity of the observed DNA-protein, specific and
nonspecific competition were performed by addition of
unlabeled double-stranded oligonucleotide or AP2
oligonucleotide to the reaction mixture in 50-100 fold excess

Expression of ICAM-1
NS group colon tissue had no or weak ICAM-1 mRNA
detected by ISH in endothelial or epithelial cells. Similar to
NF-B activity, ICAM-1 mRNA increased with inflammation
progression in experimental groups. Following 24 h of
TNBS/ethanol treatment, ISH showed that expression of
ICAM-1 mRNA increased, predominantly associated with
endothelial cells. And inflammatory cells also had weak
expression in the lamina propria. From the IHS, the
maximum of ICAM-1 expression was on 21 d, mainly in
either epithelial cells or inflammatory cells from mucosa to
submucosa layer. The correlation analysis between ICAM1 mRNA score and NF-B activity indicated that they had
significant positive correlation (r = 0.913, P<0.05). Colonic
ICAM-1 protein was elevated over control group in quantity
and intensity after the treatment with TNBS/ethanol.
Relatively high ICAM-1 expression occurred at 14 or 21 d,
which was stronger in lamina propria than in submucosa
(Figures 4 and 5).
Effects of PDTC pretreatment on TNBS/ethanol-induced acute
colitis
All rats treated with TNBS/ethanol developed acute colitis
characterized by the erosion, edema and bleeding at mucosa
and submucosa layers 4 h after TNBS/ethanol administration.
It induced a significant increase in the activity of MPO and
the level of MDA in colonic tissue. The level of NF-B
activity was also significantly up-regulated in colonic
tissue. Pretreatment of rats with PDTC attenuated the
inflammatory degree (histological score according to Millar’s
criteria[9]) in a dose-related fashion. Similarly, pretreatment
of rats with PDTC significantly reduced both activity of
MPO and level of MDA in a dose-dependent fashion
(Figures 6A-C, and 8). EMSA analysis of colonic tissue
obtained 4 h after TNBS/ethanol administration showed
that PDTC almost blocked NF-B activity at the dose of
10 mg/kg but not completely reduced histological score at
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Figure 5 Expression of ICAM-1 mRNA and protein in colonic tissues. A: ICAM-1 mRNA expressed in inflammatory cells at submucosa, ISH
x400; B: ICAM-1 mRNA expressed in arterial endothelial cells in submucosa, ISH x400; C: ICAM-1 expressed in epithelial cells in mucosa near
inflammatory region, SABC x400; D: ICAM-1 expressed in lamina propria, SABC x200.
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Figure 7 The image of EMSA in various groups and competition
test. lanes 1-3: specific competition experiment. lanes 4-9: activity
of NF-B DNA-Binding in N, M, P10, P25, P100 groups.

the same time. And the added dose of PDTC could attenuate
colitis development, consequently MPO activity and MDA
level decreased. Interestingly, the added dose of PDTC did
not further weaken NF-B activity but its effect was stronger
than that at 10 mg/kg dose (Figure 7).
Effects of PDTC therapy on TNBS/ethanol-induced colitis
All rats treated with TNBS/ethanol developed a chronic

colitis at 14 d as described above (Figure 1C, D). Both the
clinical signs and morphological features of rats were
observed in groups A-C. But in PDTC-treated (at the dose
of 100 mg/kg) group, there was no significant change in
morphology compared with B group (group A vs group B,
P>0.05). (Figure 9).

DISCUSSION
Animal colitis which is similar to human Crohn’s disease
can be induced experimentally in rats, mice, rabbits, pigs,
and dogs by TNBS/ethanol introduced via the enema[13-18].
Trinitrobenzene sulfonic acid is a haptenating agent that
couples trinitrophenyl groups to endogenous (self) proteins
more or less indiscriminately; the altered self-proteins
stimulate a local immunologic response usually called a
delayed hypersensitivity reaction. In the colon, this reaction
leads to an inflammation marked by a transmural cellular
infiltration with T cells and macrophages in a pattern like
that described in interleukin-2 knockout mice and Crohn’s
disease[19]. Here we induced the model by 5% 0.6 mL TNBS
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Figure 8 Changes of histological morphology in M, P10, P100 groups. A: The changes of histology in M group. HE x200; B: The changes of
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Figure 9 Changes of histological morphology in groups A, B, C. A:
enema with normal saline and normal saline given i.p. every 48 h
starting from d 1. B: enema with TNBS/ethanol and normal saline
given i.p. starting from d 1. C: enema with TNBS/ethanol and PDTC
given (100 mg/kg) i.p. starting from d 1.

and 0.3 mL ethanol, rats showed clinical symptoms including
diarrhea, occult blood stool, and gross bleeding. Postmortem
investigations of both acute and chronic colitis showed that
inflammatory changes and multiple erosions appeared in
whole colonic walls and were particularly prominent at
submucosa layer. Hyperemia, hemorrhage, edema, and
ulceration of the colonic mucosa were accompanied with
predominant infiltration of leukocytes. Neutrophils,
macrophages, lymphocytes infiltrated in mucosa and
submucosa. Fibroblasts and granuloma-like structures were
also obviously seen. This was consistent with the typical
model induced by Morris[20].
As a nuclear protein, NF-B is a eukaryotic transcription
factor which was first described as a B-cell specific factor
that binds to the motif in the immunoglobulin lightchain intronic enhancer. More and more evidence has
confirmed that expression of many cytokines, chemokines,
immunoreceptors, adhesion molecules, antiapoptotic/
proapoptotic, and transcription factors were regulated by
NF-B. Once activated, the nuclear localization signal of
NF-B is uncovered and NF-B translocates to the nucleus
of the cell from the cytosol to regulate above protein
expression. Inflammatory bowel diseases are characterized
by the recruitment of humoral and cellular components of
the immune system to certain areas of the gut. Excessive
cytokines are produced by activated epithelial cells,
macrophages, and B and T cells. This process is characterized
by NF-B induction. As a result, a perpetuation of the

inflammatory reaction was amplified[21]. Constitutively
activated NF-B was identified in epithelial cells and lamina
propria macrophages from biopsy specimens or cultured
cells of patients with inflammatory bowel disease. Further,
p65 is the main member closely related to the inflammatory
process[22-25]. Recently it was shown that the administration
of antisense phosphorothioate oligonucleotides to the p65
subunit of NF-B abrogates colitis in the trinitrobenzene
sulfonic acid-induced colitis model[3]. In our study, we found
NF-B was activated in TNBS-induced rat early colitis and
the binding activity of NF-B increased with inflammatory
progress in experimental groups at various time points. This
result is accorded with the viewpoint that NF-B is activated
constitutively in IBD. But it did not have significant
correlation with the morphology score. Furthermore, we
injected PDTC at the dose of 10 mg/kg into rat abdomen
30 min before enema, which almost inhibited NF-B DNAbinding activity. As a result, it could not block colonic
inflammation development. The reason is not clear. Maybe
activation of NF-B contributes to self-protection against
early inflammation damages[26].
Leukocytes and endothelial adhesion molecules play a
key role in mediating the recruitment of leukocytes to
inflammatory site. As a member of immunoglobulin-like,
ICAM-1 expresses on endothelial cells, fibroblasts and
many other cell types. Evidence has proved that ICAM-1
was up-regulated in inflammatory colonic tissue induced
by TNBS[27-29] . We also found that ICAM-1 mRNA and
protein expressions were increased in endothelial, epithelial
cells, and inflammatory cells, such as neutrophilic, leukocyte
monocytes, lympholeukocyte, with inflammatory progress
in TNBS-induced groups. The scores of ICAM-1 mRNA
had a significant correlation with NF-B activity (r = 0.913,
P<0.05) indicating its expression was regulated by NF-B.
Similar to NF-B, ICAM-1 scores had no significant
correlation with histological score, suggesting that ICAM-1
might be more effective on chronic colitis related to immunity
than on nonspecific acute colitis. Further studies are needed.
PDTC attenuated the development of acute and chronic
inflammation of pleurisy and arthritis in mice model, which
had been reported by Cuzzocrea and his colleagues. The
mechanism that PDTC protects against inflammatory injury
is that it can inhibit the activation of NF-B[6]. In our study,
although we showed pretreatment of rats with PDTC
attenuated the inflammatory degree including decrease of
histological score, MPO activity, and MDA level in a dose-
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dependent fashion, we did not observe its anti-inflammation
effect by blocking NF-B of activity, because there was no
significant effect on inflammation at the dose of 10 mg/kg,
while it markedly reduced NF-B activity. So other
mechanisms of PDTC must be considered. Satriano found
that PDTC had the effect to interfere with reactive oxygen
metabolism[30] . When we detected the MPO activity and
MDA level which indicate oxidative reaction indirectly, we
also found PDTC reduced their level in a dose-related fashion.
Furthermore, the chelation of divalent metal ions and
influence on intracellular thiol levels also were considered[6].
Interestingly, PDTC at the dose of 100 mg/kg had no
therapeutic effect when we injected it into rat abdomen
every 48 h after inducing the model. By different doses,
different animal models, and different vehicles, our result did
not accord with Cuzzocrea’s. The reason for this is not clear.
In conclusion, NF-B activation is an important event
that may be involved in acute and chronic inflammation
development and contribute to self-protection against early
inflammation damage. NF-B also regulates ICAM-1
expression during colonic inflammation and pretreatment
of PDTC may attenuate the inflammatory development
but has no therapeutic effect on induced colitis.
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Abstract
AIM: To investigate the effects of anti-fibrosis I herbal
compound on intracellular Ca2+ in activated hepatic stellate
cell (HSC) and to try to survey its molecular mechanism
in treatment and prevention of hepatic fibrosis and portal
hypertension.
METHODS: The activated HSC line was plated on small
glass cover slips in 24 wells culture dishes at a density of
5×106 /mL, and incubated in RPMI-1640 media for 24 h.
After the cells were loaded with Fluo-3/AM, intracellular
Ca2+ was measured with laser scanning confocal microscopy
(LSCM). The dynamic changes of intracellular Ca 2+ ,
stimulated by carbon tetrachloride, TGF-1 antibody and
the drug serum of anti-fibrosis I herbal compound and
under orthogonal design were determined by LSCM. The
effect of anti-fibrosis I herbal compound on intracellular
Ca2+ was observed before and after the addition of TGF-1
antibody.
RESULTS: The intracellular Ca2+ were significantly different
in different dosage of carbon tetrachloride anti-fibrosis I
formula drug serum, TGF-1 antibody and different turn
of these substance, but their interval time between CCl4
and TGF-1 antibody, CCl4 and anti-fibrosis I drug serum
had no influence on intracellular Ca2+. The result showed
intracellular Ca2+ wasn’t significantly different between
rat serum without anti-fibrosis I and untreated group.
After carbon tetrachloride stimulation, intracellular
Ca 2+ of activated HSC increased significantly when the
dosage of CCl4 from 5 to 15 mmol/L, however, decreased
significantly after stimulation by 5-20 g/mL TGF- 1
antibody or 5-20 mL/L drug serum. Moreover, before and
after the addition of TGF- 1 antibody, intracellular Ca2+
was significantly different. These results suggested that
the molecular mechanism was independent of blocking
TGF-1 effects.
CONCLUSION: Anti-fibrosis I herbal compound may treat

hepatic fibrosis and decrease portal hypertension by
inhibiting activated HSC contractility through decrease of
intracellular Ca2+ .
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic fibrosis, which may ultimately lead to cirrhosis, is
the pathological base of all the chronic hepatic diseases and
is characterized by the net accumulation of extracellular
matrix (ECM), including collagen, glycoproteins, and
proteoglycans [1]. Lots of data have indicated that the
activation of hepatic stellate cell (HSC) is the cytological
base of the hepatic fibrosis. Activated HSC plays an
important role in the regulation of intrahepatic resistance
and microhemodynamics, because of its smooth muscle
characteristics, in particular, its contractility[2,3]. Contractility
of HSCs is regulated by intracellular Ca 2+ and certain
vasoactive factors[3]. Hence, activated HSCs have become
a therapeutic target for chronic liver disease. The activation
of HSCs is the effect of various cell factors by side secretion
or self-secretion, of which, transforming growth factor- 1
(TGF-1) is a key molecule responsible for tissue fibrosis
and provides a basis for targeting TGF-1 as an anti-fibrotic
agent [4-6]. In the past years, marked progress in the
understanding of the pathophysiology of hepatic fibrosis
and portal hypertension has opened the door to
pharmacological treatments, resulting in dramatic changes
in the therapeutic approaches to hepatic fibrosis and portal
hypertension. However, few effective drugs can slow the
progression of the fibrosis. In the recent study, we have
proved from animal experiment that anti-fibrosis I
compound have the function of anti-hepatic fibrosis induced
by carbon tetrachloride (CCl 4) in rats. This study was
performed, using the serum pharmacological method, giving
drugs to animals, separating serum with drug and putting
them in cultured cells in vitro, then the change in intracellular
calcium ([Ca2+]i) was observed with laser scanning confocal
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microscope for further studying mechanism of Chinese
medicine.

MATERIALS AND METHODS
Preparation of drug and drug serum
Anti-fibrosis I herbal compound included Salvia miltiorrhiza,
Sparganium stoloniferum, Angelica sinensis, Amyda sinensis,
Curcuma aromatica, Carex phacota. These were purchased
from Shijiazhuang Lerentang Pharmacy, China. The herbs
were boiled with water and extracted by alcohol: put 95%
alcohol in liquid of anti-fibrosis herbs, mixed the alcohol
and herbs, filtrate the protein and amylum, then heated the
liquid at 90-95 ℃ to evaporate the remaining alcohol, took
the solution of crude drug at 2.5 g/mL final density, which
were infused from esophagus into stomach of Wistar rats
from Animal Center of Hebei Medical University
(Shijiazhuang, China), weighing about 300-400 g, once a
day for 3 d, the dose was about 7 times to adult dose whose
body weight was 65 kg. After infusion of the drug for 2 h
in the last time, rats were given the drug again, 1 h later,
blood was collected from inferior vena cava, centrifuged at
2000 r/min for 15 min to get serum, which was put at
56 ℃ for 30 min to get rid of other possible biological
living substance, then removed bacteria by 0.22 m
millipore filtration membrane, sealed up and stored in the 20 ℃ for further use. Meanwhile, rat serum without antifibrosis I was prepared for the negative control.
Main reagents and instrument
Polyclonal rabbit antibody (Ab) to rat TGF-1 was bought
from Santa Cruz Biotechnology, INC; RPMI-1640 culture
medium was purchased from American Gibco Company;
Fetal bovine serum was purchased from Sijiqing Biological
Products Company (Hangzhou, China); Carbon tetrachloride
(CCl4) was purchased from Tianjin Reagent Factory; Fluo3/AM(1-[2-Amino-5-(2,7-dichloro-6-hydroxy-3-oxo-9xanthenyl) phenoxy]-2-(2-amino-5-methylphenoxy) ethaneN, N,N’,N’-tetraacetic acid/acetoxymethyl ester), pluronic
F-127 were purchased from American Biotium Company;
0.25 % trypsin digestive reagent, dimethylsulfoxide (DMSO),
2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethanesulfonic acid
(HEPES) were bought from American Sigma Company.
Main instrument: Laser scanning confocal microscopy
(LSCM) (Leica DM IRBE); Bechtop (Suzhou Purify
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Equipment Factory), HH CP-T Type CO 2 incubators
(Shanghai Fuma Experiment Equipment Company Limited);
Inverted Microscope (Chongqin optical instrument factory).
Buffer solution (mmol/L): NaCl 130, KCl 2.7, CaCl2 1.5,
MgCl2 2, HEPES 10, glucose 10, pH 7.4 (NaOH).
Culture of HSCs
HSC strain-CFSC was created and donated by professor
Greenwel, whose phenotype was activated HSCs. It was
separated from rats with hepatocirrhosis induced by CCl4,
and was well-cultured to gain eternal life[7]. HSCs frozen in
liquid nitrogen were rapidly revivified in a 37 ℃ water bath,
then incubated in the RPMI-1640 media containing 10 mL/L
fetal bovine serum, 100 U/mL pencillin, 100 U/mL
streptomycin sulfate, and cultured at 37 ℃, 5 mL/L carbon
dioxide (CO2) condition. Cells were digested by 2.5 g/L
trypsin to subculture. Suspending Liquid of cells at a density
of 5×106 cells/mL was plated on small glass cover slips in
24 wells culture plate, cultured in a 37 ℃, 5 mL/L CO2
incubator. These cultured cells were used in the following
experiments.
Handling HSCs with CCl4[8], rat serum without anti-fibrosis I,
anti-fibrosis I herbal drug serum and TGF- 1 antibody
HSCs were handled with CCl4, rat serum, drug serum,
TGF-1 antibody for 24 h, respectively, whose dosage CCl4
was 0, 5, 10, 15 mmol/L, both rat serum and drug serum
(volume fraction) were 0, 5, 10, 20 mL/L , TGF-1 antibody
was 0, 5, 10, 20 g/mL, 0 was the control group, and loaded
with Fluo-3/AM.Then orthogonal trial of mixed level was
designed using SPSS/11.5 software, factors-levels were shown
in Table 1, the plans of trial in Table 2. After adding second

Table 1 Factor-level for orthogonal design
Factor
Level

CCl4 Durg serum TGF-1 Ab
(mmol/L) (mL/L)
(g/mL)

Time1
(h)

Turn

1

5

5

5

0.5

Adding CCl4 firstly

2

10

10

10

2.0

Adding durg serum
/TGF- 1 A b firstly

3

15

20

20

4.0

1

Time is the interval time between CCl4 and TGF- 1 antibody or CCl4 and
anti-fibrosis I drug serum.

Table 2 Plan of orthogonal trial and the result of Ca2+ assay (mean±SD)
Fluorescence intensity
Trial
1
2
3
4
5
6
7
8
9
10
11
12

CCl4
(mmol/L)
5
15
5
10
10
15
10
15
15
5
10
5

Drug serum
(mL/L)
5
20
10
20
5
10
10
10
5
20
5
20

TGF-1 A b
(g/mL)

Time
(h)

Turn

5
20
10
20
5
10
10
10
5
20
5
20

0.5
0.5
2.0
2.0
4.0
4.0
0.5
0.5
2.0
2.0
4.0
4.0

1
1
1
1
1
1
2
2
2
2
2
2

TGF- 1 Ab
81.03±7.36
126.52±13.54
75.84±6.81
106.46±10.23
117.65±9.26
138.24±12.57
94.53±8.67
128.67±11.56
138.21±14.83
62.17±6.58
114.28±8.37
64.23±5.26

Drug serum
78.25±6.84
109.38±15.63
72.54±9.52
88.65±10.38
102.13±12.45
113.36±11.82
84.47±8.23
96.48±9.65
118.65±12.34
50.16±6.48
92.54±8.75
46.23±3.64
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factor for 24 h, HSCs were loaded with Fluo-3/AM. Using
the method of range analysis for orthogonal trial, the best
level of every factor was chosen. Firstly HSCs was treated
with CCl4 for certain time, before and after addition of
TGF-1 antibody for certain time, rat serum or drug serum
was added into the cells, 24 h later and HSCs were loaded
with Fluo-3/AM.
2+

Measurement of intracellular Ca
The cells were loaded with 10 mol/L Fluo-3/AM for
30 min at 37 ℃ under a mixed gas containing 95 mL/L air
and 5 mL/L CO2, washed 2-3 times with buffer solution,
then put in 1 mL buffer solution micro-incubation perfusion
chamber. One or two cell and their layers were chosen to
observe with LSCM. Excitation wave of Fluo-3 was 488 nm
and emission wave 525 nm. Fluorescence intensity of
[Ca2+ ]i in eight cells chosen randomly was observed using
TCS SP2 with LSCM to calculate the average fluorescence
intensity of the whole cell. The dynamic changes of [Ca2+]i
in individual HSC after stimulation with either CCl4, antifibrosis I drug serum, or TGF- 1 antibody were recorded
using LSCM and a computer. The concentration of HSC
[Ca2+]i was measured in terms of intracellular fluorescent
intensity. This study recorded the relative value of
fluorescence intensity for the change of [Ca2+]i. The larger
the fluorescence intensity, the higher the [Ca2+]i concentration.
Statistical analysis
All data were expressed as mean±SD and analyzed with

127.68

120
93.25

100
80 69.05
60
40
20
0
0

5

10

15

SPSS /11.5

statistic software. The mean difference was
calculated using the analysis of variance (ANOVA) for
orthogonal design, one-way ANOVA and Student-NewmanKeuls test for multiple comparison. The level of significance
of hypothesis testing was P<0.05.

RESULTS
Effects of CCl4, rat serum without anti-fibrosis I, anti-fibrosis I
drug serum and TGF-1 antibody on [Ca2+]i in HSCs, respectively
In the 5 min during observation, there is no obvious change
of fluorescence intensity of HSCs, which in untreated group
was 69.05±3.16. In rat serum group, [Ca2+]i was not significantly
different when the dosage of rat serum was 0, 5, 10, 20 mL/L.
While, CCl4 sharply increased the [Ca2+]i when the dosage of
CCl4 from 5 to 15 mmol/L. CCl4 could make [Ca2+ ]i of
HSCs overload, fluorescence intensity increase, what is more,
the higher the CCl4 dosage, the stronger the fluorescence
intensity, the higher the [Ca2+]i concentration (F = 760.602,
P<0.05) (Figure 1A); After treating HSCs with 5-20 mL/L
drug serum, the [Ca2+ ]i dropped (F = 554.962 , P<0.05);
with 5-20 g/mL TGF- 1 antibody, the [Ca2+ ]i did too
(F = 39.393 , P<0.05). The higher drug serum or TGF- 1
antibody dosage, the less [Ca2+]i concentration (Figure 1B,C).
The change of fluorescence intensity of HSCs was shown
(Figure 2 A-C). Compared with the untreated group,
fluorescence intensity of HSCs treated with 10 mmol/L
CCl4 was obviously strong, of which HSCs treated with
drug serum of anti-fibrosis I herbal compound was weak.

B

C
80

69.05

61.96

60
39.98

40

36.74

20
0

0

5

10

20

Fluorescence intensity

145.66
140

Fluorescence intensity

Fluorescence intensity

A
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80

69.05

63.42

60

58.32

40
20
0

Drug serum (mL/L)

CCl4 (mmol/L)

66.26

0

5

10

20

TGF  1 antibody (g/mL)

Figure 1 Effect of different dosage of every factor on intracellular Ca 2+ in HSC. A: Effect of different dosage CCl4 on intracellular Ca 2+ in HSC
B: Effect of different dosage drug serum of anti-fibrosis I herbal compound on intracellular Ca 2+ in HSC; C: Effect of different dosage TGF-1
antibody on intracellular Ca 2+ in HSC.

A

B

high

C

[Ca2+]

low
-400 m

-400 m

-400 m

Figure 2 Intracellular Ca 2+ fluorescent intensity of HSCs in each group. A: Intracellular Ca 2+ fluorescent intensity of HSCs in untreated group;
B: Intracellular Ca 2+ fluorescent intensity of HSCs in 10 mmol/L CCl4 group; C: Intracellular Ca 2+ fluorescent intensity of HSCs in 10 mL/L drug
serum group.
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Sum of squares Degree of
of deviation freedom Variance
from mean

F

P

6 933.936
378.054

2
2

3 466.968
189.027

392.639
21.408

Methods of treatment

1

CCl4+HSC+drug serum

109.38±15.63

0.000
0.007

2

CCl4+HSC+TGF-1Ab

126.52±13.54

3

CCl4+HSC+ drug serum +TGF- 1 Ab

103.40±9.87

4

CCl4+HSC+TGF- 1 Ab+ drug serum

93.77±6.33

Time

67.786

2

33.893

3.838

0.117

Turn

158.777

1

158.777

17.982

0.013

Error
35.320
4
Variance analysis of drug serum

8.830

CCl4

3 969.848

2

1 984.924

139.437

0.000

Drug serum

656.001

2

328.000

23.041

0.006

Time
Turn

55.274
478.551

2
1

27.637
478.551

1.941
33.617

0.257
0.004

Error

56.941

4

14.235

Table 4 Range analysis for orthogonal trial
Drug serum

TGF- 1 Ab

Level
Turn

CCl4

TGF- 1
Ab

Time

Number 10

Group

Variance analysis of TGF- 1 Ab
CCl4
TGF- 1 Ab

Volume 11

Table 5 Change of intracellular Ca 2+ in hepatic stellate cell treated
with different methods (mean±SD)

Table 3 Results of analysis of variance for orthogonal design
Sources of
variation

March 14, 2005

CCl4

Drug
serum

Time

Turn

1

61.80

97.89

92.15

94.05

70.82

112.79

2

91.95

91.71

82.50

81.42

108.23

109.32

95.67

100.35

3
R

109.47
47.67

73.61
24.28

88.57
9.65

12.63

132.91
37.41

89.85
19.47

108.60
12.93

7.27

107.69 107.62

The result of orthogonal trial
The results were shown in Tables 2, 3. From Tables 2, 3,
the concentration of [Ca2+]i were significantly different in
different dosage of CCl4, anti-fibrosis I drug serum, TGF1 antibody and different turn of these substances, but there
is no significance in their interval time between CCl4 and
TGF-1 antibody, CCl4 and anti-fibrosis I drug serum. The
results of orthogonal design showed that the most important
matter that affected [Ca2+]i was CCl4, the second important
were anti-fibrosis I drug serum and TGF-1 antibody (Table
4).
Effects of different treatment on [Ca2+]i
According to results of Orthogonal trial, the method of
range analysis was used to find the best level of each factor,
which was 15 mmol/L CCl4, 20 mL/L drug serum, 20 g/mL
TGF-1 antibody. Firstly HSCs were treated with 15 mmol/L
CCl4 for 0.5 h, before and after addition of TGF-1 antibody
for 2 h, drug serum was added into HSCs ,24 h later, the
change of [Ca2+]i was observed. The results were shown in
Table 5. Group 1: HSCs were treated with 15 mmol/L
CCl4 for 0.5 h, added 20 mL/L drug serum; Group 2: HSCs
were treated with 15 mmol/L CCl4 for 0.5 h, added 20 g/mL
TGF- 1 antibody; Group 3: HSCs were treated with
15 mmol/L CCl4 for 0.5 h, after addition of 20 mL/L
drug serum for 2 h, add 20 g/mL TGF- 1 antibody;
Group 4: HSCs were treated with 15 mmol/L CCl4 for
0.5 h, after addition of 20 g/mL TGF- 1 antibody for
2 h, add 20 mL/L drug serum. The results of one-way
ANOVA showed [Ca2+ ]i in HSC treated with drug serum,
before and after the addition of TGF- 1 antibody, were
significantly different and also significantly different for
multiple comparison.

Fluorescence intensity

DISCUSSION
For many years, it has been accepted that HSCs play an
important role in hepatic fibrosis of chronic liver disease.
Many recent studies have made clear that, in chronic liver
disease, HSCs also play an important role in the regulation
of intrahepatic vascular resistance and blood flow at the
sinusoidal level. Accumulating evidence from in vitro and
in vivo studies point to the importance both of the anatomical
location of HSCs and of their capacity to contract or relax
like smooth muscle cells in response to various vasoactive
mediators, including endothelin-1 and nitric oxide[9-11]. It is
the key to the progress of chronic liver disease, hepatic
fibrosis and the elevation of intrahepatic vascular resistance.
In this process what is called “activation”, HSCs get the
character of myofibroblast, proliferate and synthesize
ECM, however, TGF-1 is the strongest factor to facilitate
the activation of HSCs. TGF-1 activates the static HSCs
and turns them into the phenotype of myofibroblast to
express -smooth muscle actin (-SMA) and posses the
character of contraction, so as to enhance the blood
resistance in liver sinuses and cause the elevation of portal
vein pressure. Therefore, the activation of HSCs is the
center tache in the formation of hepatocirrhosis and portal
hypertension. In the course of HSCs activation, [Ca2+ ]i
channels open widely and increase the concentration of
[Ca2+ ]i which induces obvious contraction of cell. The
increase of [Ca2+ ]i concentration in HSCs has the direct
connection with the contraction of HSCs[12]. Activated HSCs
secrete TGF- 1 and other many kinds of cell factors by
self- secretion. TGF-1 stimulates HSCs to synthesize and
secrete ECM, which forms the abnormal accumulation to
facilitate the activation of HSC, and contributes to the
maintenance and aggravation of the hepatic fibrosis.
In this study, the technology of Flou-3/AM fluorescence
probe and LSCM were used to observe the influences of
anti-fibrosis I on [Ca2+]i concentration in HSCs. Flou-3 is a
kind of sensitive [Ca2+ ]i indicator. It can combine with
[Ca2+ ]i specifically and generate the fluorescence after certain
wavelength excitation light, fluorescence spectrum changes
after combination with [Ca2+]i, and there is a positive relation
between the fluorescence intensity and the concentration
of intracellular free [Ca2+ ]i. Flou-3 is an acid compound
and it is difficult to enter cells, but it can enter cells through
the cell membrane when Flou-3 is cultivated with cells after
that Flou-3 combines with lipophylic AM to become fatsoluble Flou-3/AM, and it can turn back to Flou-3 under
the effects of intracellular lipase, Flou-3 combines with
intracellular free [Ca2+]i again.
Our results showed that CC14 stimulation significantly
increased [Ca2+]i. By contrast, [Ca2+]i significantly decreased
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after anti-fibrosis I drug serum or the TGF- 1 antibody
stimulation. [Ca2+]i was not significantly different between
rat serum without anti-fibrosis I and untreated group. This
showed rat serum itself did not affect the activation of
HSC. Results of the analysis of variance for orthogonal
design indicated that the different concentrations of CC14,
anti-fibrosis I drug serum and the TGF- 1 antibody had
great effects to the change of [Ca2+]i concentration in HSCs.
CC14 increased the [Ca2+]i concentration to cause the cells
injury. Activated HSCs secreted many kinds of cell factors.
Inactive TGF- 1 of self-secretion was activated by the
enzymes and cell factors in the circumstance of inflammation,
afterward, stimulated HSCs to produce TGF-1, in turn to
make the magnified effects gradually and lead to the
overproduction and activation of TGF- 1 , which made
HSCs contract continuously. TGF- 1 antibody and drug
serum could decrease the [Ca 2+]i elevation caused by
CC1 4. This showed that they could restrain the HSCs injury
caused by CC1 4. If HSCs were pretreated with TGF- 1
antibody and drug serum, [Ca2+ ]i decreased obviously .
Therefore, it was considered that TGF-1 and drug serum
could restrain the contraction of HSCs and reduce the
resistance of liver sinuses by decreasing [Ca2+]i. It indicated
that TGF-1 antibody and drug serum had some effects to
the treatment and prevention of hepatic fibrosis and portal
vein hypertension.
Since TGF-1 is an important factor in hepatic fibrosis,
we attempted to treat hepatic fibrosis through restraining the
excessive expression or abnormal modulation of TGF-1.
In order to explore the mechanism of anti-fibrosis I to
prevent and treat hepatic fibrosis and portal vein
hypertension from cell factors level, in this study, TGF- 1
antibody was used to block the action of TGF-1 , interrupt
the effects of some media or factors on TGF- 1 primary
synthesis, decrease the effect of stimulation on ECM
synthesis. TGF-1 can facilitate activated HSC to turn into
myofibroblast by self- secretion and side secretion. Activated
HSCs and myofibroblasts are the major producers of ECM
in liver injury, and play a prominent role in liver fibrosis.
TGF- 1 can promote the progression of hepatic fibrosis
with tumor necrosis factor-(TNF-), insulin like growth
factor-1 (IGF-1), platelet derived growth factor (PDGF)
etc. Anyhow, TGF-1 can induce and facilitate hepatic fibrosis
through many kinds of approaches and is considered to be
a strong cell factor of fibrosis. It had been approved that
TGF-1 in the cultured HSCs of rats in vitro increase two
times after addition of extrinsic TGF-1[13]. In the progression
of hepatic fibrosis, the TGF- 1 secreted by HSCs itself
through self-secretion stimulation made HSC synthesize
collagen more obviously. It has been found that the
synthesizing and decomposing of ECM was modulated by
TGF- 1 at high degree in recent few years. Animal
experiment about hepatic fibrosis showed that the elevation
of TGF-1 gene expression prior to the increase of collagen
synthesis, indicated that TGF- 1 had some effects to
beginning of hepatic fibrosis[14]. ECM increased and HGF
(hepatocyte growth factor) was restrained if TGF-1 was
added into cultured HSCs, on the contrary, ECM was
restrained and HGF increased if TGF- 1 antibody was
added. Rockey et al[15] found that the degree of liver injury
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was consistent with that of HSCs activation and contraction
and the contraction of HSCs could lead to the elevation of
resistance in cirrhosis liver and pressure of portal vein. One
study has proved[16] that the TGF- 1 antibody could resist
the biology effect of TGF- 1 at the same time, prevent
HSCs from self-secreting TGF- 1 . Another study has
reported[17] that monoclonal antibody of TGF- 1 could
obviously restraint the proliferation of fibroblast ,and had
dose-effect relationship in some range. Because of the
important effect of TGF-1 in the course of fibrosis, the
use of TGF- 1 antibody might give some new clues to the
explore the mechanism and therapy of fibrosis. After turning
to myofibroblast, HSC itself secreted TGF, PDGF and
other cell factors to make its activation go on. Even though,
primary activation factors were cancelled, the progress of
fibrosis would still last. It indicated that hepatic fibrosis must
be treated in the early period. Because, there is mutual
promoting or restraining role among cell factors, in the same
cell. However, the results are different due to the difference
of dosage and lasting time of cell factors. Therefore,
according to the results of orthogonal trial, the best level
of each factor was chosen to study the mechanism of antifibrosis I. After blocking the effects of TGF-1 with TGF-1
antibody, anti-fibrosis I drug serum decreased [Ca2+]i most
significantly. If drug serum prior to TGF-1 antibody was
added into HSCs, the [Ca2+ ]i was higher than the former,
but both were lower than [Ca2+]i in HSCs treated with drug
serum and TGF-1 antibody alone. These results suggested
Anti-fibrosis I drug serum might induce HSCs relaxation
by reducing [Ca2+]i in activated HSCs, and the mechanism
was independent of decreasing TGF-1 effects.
Studies have shown that [Ca2+ ]i is elevated either by
hydrolysis of inositol lipids or by Ca2+ influx into the cell
through receptor/voltage gated Ca2+ channels in the cell
plasma membrane. It was reported[18] that 861 compound
decreased the free [Ca2+]i to modulate the contraction and
relaxation of HSCs. 861 compound depressed the expression
of HSCs L-type voltage-operated calcium channel (L-VOCC),
decreased the concentration of [Ca 2+ ]i, restrained the
expression of -SMA and reduced the contraction of HSCs
which might be useful to the therapy of portal vein
hypertension in the early time. Yet it was considered[19]. The
pharmacological mechanism of octreotide, used to treat
portal hypertension with esophageal variceal bleeding, was
via the relaxation of activated HSCs and the consequent
decrease in intrahepatic resistance, through the activation
of HSCs somatostatin receptors (SSTR), leading to a
reduction in intracellular Ca2+, not interdicting the L-VOCC
on the membranes of HSCs. Chinese Herbal compound
can affect the construction and function of HSCs through
the multi-target sites and it is important to prevent and treat
hepatic fibrosis and early stage portal vein hypertension.
The pharmacological mechanism of anti-fibrosis I herbal
compound, used to treat hepatic fibrosis and portal
hypertension, is via the relaxation of activated HSCs, and
the consequent decrease in intrahepatic resistance, leading
to a reduction in [Ca2+]i. Although cell factors play an important
role in pathological process of hepatic fibrosis, the interaction
between them is very complicated in vivo, so the potential
mechanism of anti-fibrosis I will be further studied.
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Abstract
AIM: To determine whether IFN- is the agent that turns
a slightly effective treatment (radiochemotherapy) into a
potent therapy, we tested IFN- for its synergistic properties.
METHODS: Eight pancreatic carcinoma cell lines were
treated with the single agents and combinations of these.
The role of IFN- regarding a) direct inhibitory effects; b)
radio and chemosensitizing effects; c) anti-angiogenic
properties and d) enhancement of immunogenicity was
investigated.
RESULTS: Our results show that IFN- has direct
inhibitory properties and some synergistic influence as
determined by AnnexinV/PI stain and cell count. IFN- is
also able to prevent the increase in proliferation rate and
VEGF secretion of CDDP resistant cells. Having taken the
results from immunogenicity experiments together, we
found cells that can be influenced by IFN- but were less
susceptible against T cells. Furthermore, high expression
of MHC molecules, CD118, EGF-R and Fas was predictive
for a good response.
CONCLUSION: In conclusion, IFN- has direct cytotoxic
effects, acts as a radiosensitizer and circumvents tumor
cell-regrowth after CDDP treatment. These mechanisms
may be responsible for the good clinical outcome of CapRI.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Carcinoma of the exocrine pancreas has an especially bad
prognosis. The five-year survival rate is <1% with a median
survival of 4-6 mo. Even after surgical intervention with a
curative intention, the two-year survival rate is in specialized
centers is at best 25%[1].
Investigators from the Virginia Mason Clinic have
recently published data from a phase II trial of postoperative
cisplatin (CDDP), 5-fluorouracil (5-FU), interferon alpha-2b
(IFN-), and external-beam radiation (RT) (that was)
administered following pancreaticoduodenectomy. We
termed this regimen CapRI for adjuvant treatment of
pancreatic adenocarcinoma with ChemoRadioImmunotherapy.
They treated 43 patients with mainly stage III tumors.
Eighty-four percent had positive lymph nodes and 19%
had positive cut margins. After a mean follow-up of 31.9 mo,
67% of the patients were still alive. Actuarial overall survival
for the 1, 2, and 5-year survival rates were 95%, 64%, and
55% respectively. The treatment was quite toxic and 42%
of the patients were hospitalized during the treatment, but
there were no treatment-related deaths[2].
Various chemo and/or radiation regimens have been
tested in small studies for treatment of adjuvant resected
pancreatic carcinoma. Most of them use 5-FU or
gemcitabine as the chemotherapeutic agent, sometimes in
combination with other agents such as CDDP. These
protocols are often combined with radiation[3]. The ESPAC1 trial is the only trial to date that enrolled large numbers
of patients (550 patients). The trial tested the hypothesis
that chemoradiotherapy (40 Gy and weekly 5-FU) with or
without 6 mo additional chemotherapy (5 FU, 425 mg/m²,
day 1-5 and folinic acid, 20 mg/m², d1-5, repeated monthly)
provided an improvement in survival benefits compared
to no adjuvant treatment. In a 2×2 factorial design, the
5-year survival rate for patients receiving chemoradiation
was 10% and 19.6% without, and 21.1% for patients
receiving chemotherapy and 8.4% without. The authors
concluded from this that radiochemotherapy shows only
limited success[4].
Comparing the data from CapRI and ESPAC-1, we
hypothesize that IFN- is the agent that turns a slightly
effective treatment (chemoradiotherapy) into a potent
therapy. Several mechanisms are described which might
explain why IFN- plays a potential role in combination
therapies.
IFN- belongs to the group of type I interferons, which
are already being used in cancer therapy (e.g. malignant
melanoma, renal cell carcinoma, hairy cell leukemia and
chronic myeloid leukemia) [5,6]. IFN- is produced by

1522

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

monocytes/macrophages, lymphoblastoid cells, fibroblasts
and plasmacytoid dendritic cells[7]. Several other cell types
are known to produce type I interferons after viral infections.
IFN- binds to the IFN- receptor CD118; binding to the
EBV-receptor CD21 is also described[8]. The IFN receptor
is coupled to a Janus-family tyrosine kinase, which
phosphorylates signal-transducing activators of transcription
(STATs), which translocate to the nucleus where they activate
the transcription of several different genes inducing the
synthesis of host cell proteins that contribute to the
inhibition of viral replication[9,10].
In addition to its anti-viral properties, IFN- exhibits
several other features that might be of interest especially
for the use in combination treatments of cancer. Some of
these features are: (1) direct inhibitory effects on tumor cell
growth through prolongation of the cell cycle time of
malignant cells, induction/inhibition of the expression of
specific genes which lead to increased RNA degradation,
inhibition of protein synthesis, down-regulation of oncogene
expression, induction of tumor suppressor genes, and
antagonism of the growth stimulatory effects of epidermal
growth factor (EGF) and platelet-derived growth factor by
down-regulation of cell surface receptors for the growth
factors was reported[11,12]; (2) radio and chemosensitizing
effects (described for 5-FU, cisplatin and dacarbazine)[13,14];
(3) anti-angiogenic properties. The latter is mainly due to the
down-regulation of VEGF and by inhibiting the expression
of pro-angiogenic molecules, basic fibroblast growth factor,
and matrix metalloproteinase-9 [15-17]; (4) enhancement of
immunogenicity of tumors. This phenomenon is provoked
by an increase of MHC class I expression which enhances
immune recognition[12] and (5) modulation of the immune
system. IFN- plays an essential role in the differentiation,
maturation and function of dendritic cells (DC), enhances
the survival of T cells by expression of anti-apoptotic genes,
induces the generation of CD8 + memory cells, enhances
macrophage activities, and activates natural killer (NK) cells
thus releasing cytokines[12,18-20].
Therefore, we investigated the influence of IFN- in the
CapRI-regimen in eight human ductal pancreatic carcinoma
cell lines regarding direct cytotoxic effects of IFN-, radio
and/or chemosensitizing effects, anti-angiogenic properties
and expression of MHC molecules and IFN-receptors.

MATERIALS AND METHODS
Cell lines
Human pancreatic cancer cell lines ASPC-1, CAPAN-2,
DAN-G, KciMoh-1, MiaPaCa-1, PANC-1, PatScl and PK
9 were obtained from ATCC, USA and cultured in RPMI
1 640 medium supplemented with 10% fetal bovine serum,
100 units/mL penicillin, and 100 µg/mL streptomycin (PAA
laboratories GmbH, Austria). They were maintained at 37 ℃
under 50 mL/L CO2 in a humidified atmosphere.
Treatment to cell lines
Cells were subdivided into nine groups, each of which was
treated with one of the following regimens almost in
accordance with the protocol used in the CapRI scheme:
(1) Untreated; (2) 5-FU 65 µg/mL continuously, d 1-5; f)
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5-FU +IFN-; (3) CDDP 3 µg/mL on d 1, for 60 min; (4)
CDDP +IFN-; (5) RT 1.8 Gy/d, d 1-5; (6) RT+IFN-;
(7) IFN- 1 000 U/mL, d 1, 3, and 5; (8) 5-FU+CDDP+
IFN-+RT (CapRI).
Determination of apoptosis, cell death and cell numbers
Cells were investigated on day five of treatment. Apoptotic
cells were detected on an Epics®XL.MCL flow cytometer
(Beckman-Coulter, Krefeld, Germany) by AnnexinV staining
using the AnnexinV/PI staining kit (BD PharmingenTM,
Heidelberg, Germany) according to the manufacturer’s
instructions. Cells were analyzed immediately after staining.
Unstained cells were used to set up controls. Cell numbers
of viable cells were determined by trypan blue exclusion.
Flow cytometric analysis
Human pancreatic cancer cell lines were stained after
treatment using various monoclonal antibodies directed
against human cell surface antigens, including those against
human HLA-ABC, HLA-DR, CD21, EGF-R, CD118,
CD95 (Fas) and FasL (BD Biosciences, Heidelberg,
Germany). For each flow cytometry measurement, gates
for negative control were set to less than 2%. Data from at
least 10 000 cells were collected and analyzed. Negative
controls consisted of the cells labeled with a corresponding
isotype control. Mean fluorescence was normalized to mean
fluorescence of the control antibodies. To distinguish
whether an up-regulation of surface molecules has occurred
or negative cells for that marker were preferentially killed;
cells were stained before treatment, 24 h later analyzed, restained and re-analyzed. An increase in positive cells that
was not seen in the control group was termed up-regulation.
To distinguish between down-regulation of a specific surface
marker and preferential killing of positive cells, we compared
the percentage of marker and PI double-positive cells of
cells with an adequate control.
MTT assay for cell proliferation
The non-radioactive proliferation assay “EZ4U” kit
(Biomedica, Vienna, Austria) was used according to the
manufacturer’s instructions. Tumor cells were seeded out
at a density of 2 000 cells per well in triplicate in a 96-well
plate. The proliferation rate was determined after 5 h of
incubation as the amount of turnover of yellow tetrazolium
salt to red formazan. Absorbance at 450 nm with 620 nm
as a reference was measured with an ELISA reader; the
absorbance of a medium blank was subtracted. The
proliferation index was calculated by setting the proliferation
of untreated cells to 1.
Determination of VEGF secretion by ELISA
After a four-day treatment, the cells were seeded out at a
density of 1×10 5 living cells in 2 mL. After 24 h, the cell
culture supernatant was collected for each group and stored
at -80 ℃ for further analysis. Amounts of VEGF were
determined by usage of the DuoSet ELISA Development
kit (R&D Systems, Inc., USA). The assay was performed in
duplicate according to the manufacturer’s instructions.
Statistical analysis
Non-parametrical analysis (Mann-Whitney-U test) and

Ma JH et al. Role of IFN-alpha in CapRI

1523

(Figure 2A). Results were normalized to values of untreated
cells. We found a statistically significant increase of necrosis
after all treatments. Late apoptosis (AnnexinV + /PI + )
increased as well (significant for all but not for IFN- treated
cells). The sum of the dying cells was significantly increased
after 5-FU and combination treatments as well as after
CDDP+IFN- treatment. Early apoptosis was not
enhanced after treatments since it was determined after
five days of treatment.
Regarding radio or chemosensitizing effects, we found
a tendency towards sensitizing effects for adding of IFN-
to CDDP or radiotherapy. However, this was not significant
(Figure 2B).

parametrical correlation (Pearson) on SPSS 11.5 was used
to analyze statistical significance. A P-value <0.05 was
considered as significant.

RESULTS
Cell survival
First, we determined the cell survival index (i.e., numbers
of viable cells normalized to untreated cells [=1]) of eight
cell lines by counting of viable cells after five-day treatment
(Figure 1A). We found a statistically significant reduction
of living cells after all treatments, which were more
pronounced in 5-FU containing regimens. IFN- alone
decreased the cell survival index from 1 to 0.43±0.24
(P<0.002). With regard to radio or chemosensitizing effects,
we found significant decrease of the index after adding
IFN- to radiotherapy (0.29±0.14 compared to 0.21±0.16;
P<0.01; Figure 1B). A significant chemosensitizing effect
was found in three out of eight cell lines (two times for
5-FU, one time for CDDP); however, it failed to be
significant after taking the mean from all cell lines.

Inhibition of proliferation
We determined the proliferation index (proliferation
normalized to untreated cells [=1]) of eight cell lines by
MTT assay after five-day treatment (Figure 3A). We found
a statistically significant reduction in proliferation after
treatments including 5-FU. IFN- alone inhibited proliferation
but not in a significant way. Interestingly, we observed
an increase in proliferation after treatment with CDDP
(P<0.005). This could be prevented by the addition of
IFN- (0.71±0.77 compared to -0.11±0.5; P<0.02; Figure 3B).
Other radio or chemosensitizing effects could not be found.

Induction of apoptosis
We determined apoptosis and necrosis of eight cell lines
after five-day treatment by measuring AnnexinV and PI
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Secretion of VEGF
Just in three out of eight cell lines, detectable VEGF
concentrations could be found in the supernatant. After
treatment with 5-FU and combinations VEGF levels were
mostly below the detection level (<62.5 pg/mL, Figure 4A).
CDDP increases VEGF secretion (102.7±25.9 pg/mL/105
cells/24 h vs 204.7±6.4 after CDDP treatment, P<0.05). The
addition of IFN- to CDDP normalizes the amount of VEGF
(104.2±47.8 pg/mL/105 cells/24 h, P<0.01; Figure 4B).
Immunophenotyping of treated tumor cells
Next, we analyzed the influence of IFN- on immunogenicity
of tumor cells. Therefore, we determined constitutive and
inducible MHC expression. Mean expression of MHC class
I was significantly increased after IFN- treatment (data
not shown). However, we were not able to detect any
influence of IFN- at this concentration on the percentage
of MHC positive cells (Figure 5A). After five-day treatment
with 5-FU and combinations, we found a significant
reduction in MHC-positive cells. This was due to downregulation of MHC molecules. In five out of eight cell
lines, this effect could be significantly softened when IFN-
is added to 5-FU. However, it failed to be significant after
taking the mean from all cell lines (Figure 5B). There was a
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Statistical analysis for predictive markers
Since we were interested in potentially predictive markers
for treatment responsiveness, we analyzed expression of
several markers on untreated cells for correlation with
apoptosis/necrosis induction, decrease of cell survival and
anti-proliferative effects. All parameters behaved in a similar

a

A
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tendency towards higher MHC expression and mean
fluorescence after adding IFN- to chemo or radiotherapy;
however, this was just significant for the mean fluorescence
of HLA-ABC after adding IFN- to CDDP.
Furthermore, we analyzed expression of EGF-R and
IFN--receptors (Figure 6). EGF-R expression remained
mainly unchanged by treatment. CD118 (IFN-R) was downregulated after treatment, this was significant for treatment
with 5-FU+IFN- and CapRI scheme (13.9±12.8% on
untreated cells vs 3.2±1.8% or 3.5±2.7%, respectively).
CD21, which is described to act as an IFN- receptor was
only slightly expressed on untreated cells and was significantly
up-regulated after treatment with 5-FU and combinations
(7.8±3.5% on untreated cells vs. approximately 35% after
treatment). IFN- had no synergistic effect for any
treatment. Furthermore, we observed a decrease of Faspositive cells after treatment (data not shown).
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Figure 4 Secretion of VEGF Cells were seeded out after four-day treatment in a density of 1×105 living cells in 2 mL. Supernatants from
treated and untreated tumor cells were collected after 24 h and stored at -80 ℃. VEGF concentration was determined by ELISA (A). B) shows
the influence of IFN- in combination treatments. Values of treatments without IFN- were subtracted from values after combination
treatment. Data from three cell lines are shown as mean±standard error from at least three separate experiments. aP<0.05 was labeled with
an asterisk and bP<0.01 with two asterisks.
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way, mostly in a significant way (data from analysis of
proliferation index correlated with induction of apoptosis/
necrosis that correlated with late apoptosis, which in turn
correlated with cell survival index).
We found a significant correlation between expression
of MHC molecules, CD118, Fas and EGF-R on untreated
cells with apoptosis/necrosis induction after treatment with
the CapRI scheme (Figure 7A-E). Low expression of CD21
correlated with a low cell survival index (i.e., with low
numbers of viable cells, Figure 7F).
Statistical analysis for correlation of marker
Next, we analyzed the treatment-response-pattern of
parameters to define surrogate markers (Table 1). With
regard to MHC molecules, IFN-receptors, EGF-receptor
and Fas, almost all cell lines reacted in a similar way to the
different treatments. The correlation was positive except
for EGF-R and CD21 where we observed a negative
correlation. Interestingly, treatments inducing apoptosis/
necrosis also induce a decrease in MHC, CD118 and Faspositive cells and an increase in CD21-positive cells.
Treatments that inhibit proliferation also induce an increase
of CD21-positive cells as well as a decrease of CD118 and
Fas-positive cells and of VEGF secretion. Apoptosis/
necrosis induction correlated with the anti-proliferative effect
as well as with the number of surviving cells.

DISCUSSION
Carcinoma of the exocrine pancreas has an especially bad
prognosis. Treatment after adjuvant resection prolongs the
survival, but so far has failed to produce long-lasting benefits.
Results from a phase II trial, where chemoradiotherapy was
combined with IFN- are very encouraging (55% 5-year
survival compared to 10% in the ESPAC-1 trial).
Comparing the data from the CapRI and the ESPAC-1
trials, we hypothesize that IFN- is the agent that turns a
slightly effective treatment (radiochemotherapy) into a potent
therapy. Several mechanisms are described that might
explain why IFN- could play a potential role in combination
therapies. Here, we focused on the described mechanism
of a) direct inhibitory effects on tumor cell growth[12] ; b)
radio- and chemosensitizing effects[13,14]; c) anti-angiogenic
properties (as far as possible)[15-17] and d) enhancement of
immunogenicity of tumors[12].
With regard to direct inhibitory effects we observed
cytotoxic effects of IFN-. A synergistic effect of IFN-
was observed after the addition to radiotherapy but not to
chemotherapy. It is reported that IFN- down-regulates
EGF-R on renal cell carcinoma and breast cancer cells after
7 d of incubation and that this consequently results in cell
growth inhibition[11,12]. With a shorter incubation period, we
were not able to confirm these data for pancreatic
carcinoma. IFN- treatment resulted only in a partial downregulation of EGF-R. Similar observation was seen regarding
the apoptosis rate after five days of treatment. In all cell
lines, we found that only a few cells were in early apoptosis,
some necrotic cells and the majority of the cells were in
late apoptosis. Since there were many manipulations during
the treatment period as well as for the untreated control
group (e.g., daily harvesting for radiation), we had a high
early apoptosis rate in untreated cells. But only treated cells
showed remarkably high rates of late apoptosis and necrosis.
This effect was not so pronounced in IFN- treated cells.
There was a tendency towards a synergistic effect of IFN; however, it was not significant. Taken together, we must
conclude that IFN- has direct inhibitory properties and
shows limited synergistic influence.
Next, we analyzed the proliferative capacity of surviving
cells after five days of treatment. Interestingly, we found a
significant increase in proliferation of CDDP resistant cells. This
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Figure 7 Statistical analysis Expression level on untreated cells were correlated with results from AnnexinV/PI stain, proliferation and cell
survival index after treatment with the CapRI scheme and analyzed for use as predictive marker (A-F).

is in accordance with data from various groups who observed
an accelerated tumor growth after chemotherapy[21,22] in vitro
as well as in vivo. IFN- on its own has a slight inhibitory
effect on proliferation rate, but was able to circumvent the
accelerated tumor cell growth after CDDP treatment. Best
results were seen again for treatments including 5-FU with
no synergistic effect of IFN-. Similar results could be
observed for the secretion of VEGF. We tested this
parameter although we are aware of the problems of this
surrogate marker for in vitro analysis of anti-angiogenic
effects. Only 3/8 cell lines secreted measurable amounts
of VEGF. However, this significantly increased after
treatment with CDDP; an effect which could again be
circumvented by the addition of IFN-. As Tannock
concluded his article about ‘Repopulation of tumor cells
between cycles of chemotherapy: a neglected factor’ with
the sentence ‘Biological agents with rapid onset and short
duration of action, which can selectively inhibit tumor-cell
repopulation, administered between cycles of chemotherapy,
might improve the therapeutic index[22]. Perhaps, IFN- is
one of these biological agents.
We also looked at effects of IFN- on immunogenicity
of the tumor cells. As expected, we observed an increase in

MHC molecules on the surface of the tumor cells after
treatment with IFN-. However, cell lines completely
deficient for MHC did not change. Interestingly, we observed
a significant decrease of MHC class I-positive cells after
treatment with 5-FU and combinations. Our findings were
different from what has been reported[23-25] where an increase
in MHC class I on various epithelial tumor cells after
treatment with 5-FU was described. We can only speculate
why we observed an opposite effect. Perhaps the continuous
culture in the presence of high-dosed 5-FU over five days
without any synergistic acting agent, such as levamisole, is
responsible for our observations. This is supported by the
observation that adding IFN- to 5-FU at least diminishes
the down-regulation and that treatment with 5-FU over
24 h had no effect. AbdAlla et al[24] described that 5-FU
increase the steady state level of HLA class I mRNAs by
about 80% but stated also a reduction of 20-57% in RNA
synthesis. This could explain why after a ‘long-time’ treatment,
MHC molecules were down-regulated.
As another feature of immunogenicity, we investigated
the expression of IFN-R. Pancreatic tumor cells were always
able to bind IFN-. Although 5-FU down-regulates CD118,
it provokes an increase of CD21, which acts as well as an
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Table 1 Correlation of treatment response of various parameters. Various parameters of eight cell lines were determined after treatment
with single agents and/or combinations. The response-pattern of parameters was investigated for correlation
HLA-ABC HLA-DR HLA-ABC HLA-DR
mean
mean

CD 21

CD 118

EGF-R

Fas

FasL

VEGF Proliferation Apoptosis
Cell
index
/necrosis survival index

HLA-ABC
Pearson’s correlation

0.928

0.783

0.777

-0.907

0.790

-0.769

0.887

0.867

P

0.001

0.012

0.014

0.001

0.011

0.015

0.001

0.002

0.762

0.782

0.017

HLA-DR
Pearson’s

0.928

0.710

0.743

-0.753

P

0.001

0.032

0.022

0.019

NS

NS

0.939
0.001

-0.718
0.029

NS

-0.892
0.001

-0.825
NS

NS

0.006

NS

0.013

NS

NS

0.034

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

-0.705

HLA-ABC mean
Pearson’s
P

0783
0.012

0.710
0.032

Pearson’s

0.777

0.743

0.939

P
CD 21

0.014

0.022

0.001

HLA-DR mean

Pearson’s

-0.738
NS

-0.907

-0.753

-0.718

P

0.001

0.019

0.029

NS

CD 118
Pearson’s

0.790

P

0.011

NS

NS

NS

-0.769
0.015

NS

-0.892
0.001

Pearson’s

0.887

0.762

P
FasL

0.001

0.017

Pearson’s

0.867

0.782

P

0.002

NS

0.023

NS

NS

-0.926

0.850

-0.976

-0.957

-0.810

0.915

0.001

0.004

0.001

0.001

NS

0.008

0.001

NS

0.966

0.946

0.596

0.898

-0.936

0.718

0.0001

0.0001

0.158

0.001

0.001

0.029

NS

NS

NS

NS

-0.926
0.001

NS

EGF-R
Pearson’s
P

-0.738
0.023

0.850
0.004

-0.764
0.017

NS

-0.758
0.018

Fas
-0.976
NS

NS

0.013

NS

NS

NS

NS

NS

NS

P
Apoptosis/necrosis

NS

NS

NS

NS

Pearson’s

-0.825

-0.705

P

0.006

0.034

NS

NS

NS

NS

NS

NS

0.966

-0.764

0.985

0.0001

0.017

0.001

-0.957

0.946

-0.758

0.985

0.001

0.001

0.018

0.001

NS

NS

NS

NS
0.888

0.875

0.800

NS

0.001

0.002

0.031

0.0001

NS

NS

VEGF
Pearson’s
P

0.888

-0.922

0.001

0.001

NS

0.875

-0.886

0.675

0.002

0.001

0.046

NS

NS

NS

NS

0.800
NS

0.031

Proliferation index
Pearson’s

-0.810

0.898

0.008

0.001

0.915

-0.936

0.001

0.001

NS

0.029

Cell survival index
Pearson’s
P

-0.922

-0.886

NS

0.001

0.001

NS

NS

0.046

0.718

-0.721

-0.748

NS

0.028

0.020

NS

NS

0.675

-0.748
0.020

NS = not significant.

IFN-R. This up-regulation may be due to histone
acetyltransferase activity of 5-FU that allows specific
transcription factors access to the cognate DNA binding
site[26]. From the available results for immunogenicity, we
observed cells that can be addressed by IFN- but have a
moderate reduction in T cell susceptibility.
We were also interested in predictive markers for
response to the CapRI scheme. Therefore, we used
apoptosis/necrosis induction, low cell survival index and
negative proliferation index as parameters for good response;
all parameters behaved very similar. For our in vitro
experiments, we found a correlation between high expression
in MHC molecules, CD118, EGF-R and Fas and apoptosis/
necrosis induction. We do not know why MHC-positive
cells are more susceptible to the treatment but the better
response of Fas, CD118 and EGF-R-positive cells make
sense. Fas-induced cell death may play a role in this treatment
and CD118 expression is necessary for effects by IFN-
that is described to inhibit EGF-stimulated cell growth and

reduce EGF binding[11]. Furthermore, we found a very
similar reaction pattern to the different treatments with
regard to most markers. Even if they are not dependent on
each other, they could be used as surrogate markers.
In conclusion, we demonstrated that IFN- has direct
inhibitory properties with limited synergistic influence and
that it reverts to the enhanced proliferation rate and VEGF
secretion after CDDP treatment and the decreased MHC
class I expression after 5-FU treatment. These results may
be responsible for the positive outcome of the CapRI
scheme. However, we hypothesize that the activation of
the immune system by IFN- plays a very important role
in this treatment scheme, too. Further studies are started to
investigate this mechanism.
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Abstract
AIM: To determine the complex of AST and immunoglobulin
and to investigate its clinical significance in patients with
liver disease.
METHODS: The complex of AST and immunoglobulin was
determined by encounter immunoelectrophoresis and its
clinical significance was investigated in 128 patients with
liver disease.
RESULTS: AST was bound to immunoglobulin of antiimmunoglobulin A (IgA) class, but any binding to antiimmunoglobulin G and anti-immunoglobulin M classes
was not observed. Although the incidence of AST–
immunoglobulin complex was 41.8% in chronic hepatitis
(CH), the incidences in liver cirrhosis and hepatocellular
carcinoma were 62.2 and 90.0%, respectively. In alcoholic
liver disease with high level of serum IgA, the incidence
of the complex was 66.7%, which was higher than that in
CH. The ratio of binding to lambda-chain of IgA was higher
than that to kappa-chain of IgA. The serum level of IgA
and the ratio of AST/alanine aminotransferase (ALT) were
significantly higher in patients with AST–IgA complex than
in those without complex.
CONCLUSION: These results suggest that AST–IgA
complex in patients with progressive liver diseases and
alcoholic liver injury can lead to elevation of the ratio of
AST/ALT.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Alcoholic liver disease; Aspartate aminotransferase; AST/ALT; Chronic hepatitis; Chronic liver
disease; Hepatocellular carcinoma; Immunoglobulin; Liver
cirrhosis
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INTRODUCTION
Complexes between serum enzyme and serum immunoglobulin sometimes influence the serum concentration of
enzymes. Alkaline phosphatase (Al-P) [1,2], amylase [3,4],
creatinine phosphokinase [5] and lactate dehydrogenase
(LDH) [6] occasionally make complexes with serum
immunoglobulins. Because the serum activities of the
enzymes are higher in patients with enzyme-immunoglobulin
complexes, which are frequently observed in patients with
autoimmune diseases, it is important to evaluate enzymeimmunoglobulin complexes in clinical practice. Some
investigators[7-14] have reported that AST-immunoglobulin
complexes are observed in several diseases, although the
incidence is low. The ratio of AST to alanine aminotransferase
(AST/ALT) increases with the progression of chronic liver
diseases[15]. When the ratio of AST/ALT is over 1.0, progression
of chronic hepatitis (CH) to liver cirrhosis (LC) is strongly
suspected. In this study, we evaluated the AST-immunoglobulin
complexes in patients with chronic liver disease and whether
the increase of the ratio of AST/ALT in patients with
progressive chronic liver disease was related to the formation
of complexes between AST and immunoglobulin.
MATERIALS AND METHODS
Patients
A total of 128 patients with liver disease were treated at the
out-patient clinic or admitted to Mie University Hospital
between July 1992 and June 1993. Sixty-seven patients were
diagnosed as CH, 45 as LC, 10 as hepatocellular carcinoma
(HCC) and 6 as alcoholic liver injury without cirrhosis (Alc).
Details of the patients including the positive ratio of hepatitis
B surface antigen (HBsAg) and antibodies to hepatitis C
virus (HCV) are summarized in Table 1.
Methods
Immunoglobulin complexed with AST was determined by
counter-immunoelectrophoresis[8] on Titan III (Helena Ltd,
Tokyo, Japan). Electrophoresis was performed in barbiturate
buffer (pH 8.5) at a constant voltage of 300 V for 10 min,
and then plates were washed with 0.9% sodium chloride to
remove non-precipitated proteins. After the enzyme was
stained at 37 ℃ for 60 min (Kokusai reagent, Tokyo, Japan),
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Table 1 Clinical findings of 128 patients with liver disease
Number of cases
Alcoholic liver injury

Sex (M:F)

Mean of age (yr)

Positive rate of HBsAg, n (%)

Positive rate of anti-HCV, n (%)

6

5:1

57±6

0

Chronic hepatitis

67

45:22

52±13

11 (16.4)

49 (73.1)

Liver cirrhosis

45

29:16

56±10

8 (17.8)

26 (57.8)

Hepatocellular carcinoma

10

9:1

66±7

3 (30.0)

5 (50.0)

Table 2 Comparison of clinical findings between the patients
with and without AST-IgA complex in serum

100
80

AST-IgA complex in serum
P
Number of cases

(-)

(+)

59

69

66.7%

62.2%
9/10

41.8%
40

40:19

48:21

NS

Mean of age (yr)

52±13

58±12

<0.01

Number of patients with
positive HBsAg

12

10

NS

20

Number of patients with

33

47

NS

(%)

18

37

<0.02

positive anti-HCV

28/45

4/6
28/67

Alcoholic
liver injury

Chronic
hepatitis

Liver Hepatocellular
cirrhosis
carcinoma

Figure 1 Incidence of AST–IgA complex in various liver diseases.

Table 3 Comparison of laboratory findings between the patients
with and without AST–IgA complexes in serum (mean±SD)
AST–IgA complex in serum
P
 globulin (%)
AST (IU/L)
AST/ALT
ChE (△pH)
IgG (mg/dL)
IgA (mg/dL)
IgM (mg/dL)

90.0%

60

Sex (M:F)

Number of patients with
liver cirrhosis

0

(-)

(+)

21.0±5.8
55±25
1.16±0.56
0.79±0.25
1 980±568
299±150
178±114

24.5±6.5
115±50
1.37±0.61
0.61±0.27
2 211±532
397±195
195±101

80

100

100

100

100

100
 chain

75

71
61

67

 chain

60
<0.01
<0.001
<0.05
<0.001
NS
<0.01
NS

40
20
(%)

Alcoholic
liver injury

Chronic
hepatitis

Liver
Hepatocellular
cirrhosis
carcinoma

Figure 2 Investigation of light chains of AST-bound immunoglobulins in liver disease.

the plates were destained and fixed in 5% acetate. Anti-sera
used to identify the immunoglobulin binding to AST were
anti-immunoglobulin G (IgG), anti-immunoglobulin M
(IgM), anti-immunoglobulin A (IgA), anti-Kappa chain and
anti-lambda chain. The incidence of immunoglobulin-AST
complexes and the types of immunoglobulin were discussed
in various liver diseases. Furthermore, clinical findings and
laboratory parameters were compared between patients with
and without immunoglobulin-enzyme complexes. In this study,
the data were expressed as mean±SD. Differences between
mean values were tested for significance by Student’s t-test
and 2 test. P<0.05 was considered statistically significant.
Results
IgA was bound to AST. There were no complexes with IgG
and IgM. Binding of IgA to AST was documented in 28
(41.8%) of 67 patients with CH, in 28 (62.2%) of 45 with
LC, in 9 (90.0%) of 10 with HCC and 4 (66.7%) of 6 with
Alc (Figure 1). When we investigated the type of
immunoglobulin light chain that bound to AST, we found
that AST-IgA complexes had binding to the kappa light chain
in all patients. On the other hand, binding to the lambda
light chain was documented in 61% of CH, 71% of LC,

67% of HCC and 75% of Alc (Figure 2). When the clinical
findings were compared between the patients with and
without AST-IgA complexes (Table 2), there were no
significant differences in sex, positive rates of HBsAg and
anti-HCV. The incidence of LC in patients with AST-IgA
complexes was 53.6%, which was significantly higher than
30.5% in patients without complexes (P<0.02). Comparisons
of biochemical parameters among 69 patients with ASTIgA complexes and 59 without are summarized in Table 3.
Gammaglobulin, AST, ALT, gamma-glutamyl transpeptidase
and IgA in the patients with complexes were significantly
higher than in those without complexes.

DISCUSSION
ALT and AST serum values have been widely used as
sensitive laboratory parameters in clinical practice to evaluate
the degree of liver injury[16]. However, the serum values of
these enzymes do not correctly reflect the degree of hepatic
cell necrosis. Elevated serum AST and ALT may be observed
when cells containing these enzymes are injured or the

Tameda M et al. Aspartate aminotransferase-immunoglobulin complexes

permeability of cell membranes increases[16]. Although
serum levels of both ALT and AST are elevated when liver
cells are injured, the degree of elevation is not parallel to
the degree of injury. The mechanism of the elevation is
affected by many factors, such as etiology of the liver disease
or severity of the liver cell necrosis. The ratio of AST to
ALT is a useful parameter, which can predict the severity
of liver disease[15]. On the other hand, some investigators[17]
have suggested that the ratio of AST/ALT is not useful in
differentiating liver diseases because elevated AST/ALT is
observed in many liver diseases. However, elevated AST/
ALT ratio is sometimes observed in patients who heavily
consume alcohol[18]. When the ratio is over 2.0, alcoholic
liver disease is strongly suspected. Furthermore, when the
ratio is under 1.0, CH, chronic intrahepatic cholestasis or
other liver diseases are suggested. Williams et al[17] reported
that among patients who had chronic liver disease but no
alcoholic aggravation, LC is suspected if the serum ratio
of AST/ALT is over 1.0. The discrepancy in serum AST
and ALT remains controversial. In general, the serum value
of enzyme is regulated by factors such as degree of relapse
from the organ containing large quantities of enzyme or
degree of disappearance of enzyme from serum. The
following mechanisms underlying the high AST/ALT values
in patients with alcoholic liver disease have been speculated.
(1) The injury to liver cell mitochondria in patients with
alcoholic liver disease leads to dominant elevation of serum
AST[19]; (2) The production of aminotransferase in hepatocytes
is more disturbed in ALT than in AST[20]; (3) Patients are
defined as having alcoholic liver disease based on pyridoxal
5’ phosphatase deficiency, which is important in maintaining
aminotransferase activity, especially that of ALT. Although
these hypotheses can explain the mechanism of AST/ALT
elevation in alcoholic liver disease, AST/ALT elevation cannot
be elucidated in cirrhotic patients who do not consume alcohol.
Williams et al[17] reported that in cirrhotic patients with elevated
AST/ALT, there is impairment of AST excretion from kidney
or the ability of AST intake in hepatic sinus is markedly
disturbed. However, there are no reports to support their
hypotheses. Enzymes, which in serum are sometimes complexed
with serum immunoglobulin, might affect the elevation of
serum enzyme activity. Binding of serum enzyme to serum
immunoglobulin is well known in amylase, LDH, and Al-P[1-6].
Because AST is also complexed with immunoglobulins such as
IgG and IgA[7-12], markedly high values of serum AST are
sometimes observed whether liver disease exists or not.
In this study, we have confirmed that binding of AST
to immunoglobulin in liver disease is frequently encountered.
Binding of AST to IgA was more frequently observed in
LC than that in CH. The purpose of this study was to
investigate whether complex formation of AST with serum
immunoglobulin was related to the elevation of serum AST
in LC. Based on the reports that the incidence of ALTimmunoglobulin complexes was lower in liver disease, it is
suggested that the elevation of AST/ALT in LC is closely
related to the binding of AST to serum immunoglobulin,
especially to IgA. High serum IgA levels correlative with
the progression of chronic and alcoholic liver diseases
support this speculation. However, in this study there was
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no significant difference in the incidence of complex
formation of AST with IgA between LC and CH. This
result cannot explain the mechanism of the elevated AST/
ALT in LC. Finally, the activity of AST binding to IgA, the
subclass of IgA and the degree of complex formation of
ALT with immunoglobulin should be investigated.
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Abstract
AIM: To determine the efficacy of multislice CT for
gastroenteric and hepatic surgery.
METHODS: Dual-phase helical computed tomography was
performed in 50 of 51 patients who underwent gastroenteric
and hepatic surgeries. Twenty-eight, eighteen and four
patients suffering from colorectal cancer, gastric cancer,
and liver cancer respectively underwent colorectal surgery
(laparoscopic surgery: 6 cases), gastrectomy, and
hepatectomy. Three-dimensional computed tomography
imaging of the inferior mesenteric artery, celiac artery
and hepatic artery was performed. And in the follow-up
examination of postoperative patients, multiplanar
reconstruction image was made in case of need.
RESULTS: Scans in 50 patients were technically
satisfactory and included in the analysis. Depiction of
major visceral arteries, which were important for surgery
and other treatments, could be done in all patients.
Preoperative visualization of the left colic artery and
sigmoidal arteries, the celiac artery and its branches, and
hepatic artery was very useful to lymph node dissection,
the planning of a reservoir and hepatectomy. And
multiplanar reconstruction image was helpful to diagnosis
for the postoperative follow-up of patients.
CONCLUSION: Three-dimensional volume rendering or
multiplanar reconstruction imaging performed by multislice
computed tomography was very useful for gastroenteric
and hepatic surgeries.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Computed tomography (CT) is one of the most useful
imaging techniques for the evaluation of original and
metastatic lesions in gastroenteric and hepatic cancer. Contrastenhanced CT (CECT) in particular has extraordinary
precision. At our hospital, CECT is routinely performed to
screen intra-abdominal malignancies. Recently, a helical CT
scanner was developed, which permits scanning of the whole
abdomen in a single breath-hold in each scanning phase.
Multislice helical CT, which perfor ms multiplanar
reconstruction (MPR), maximum intensity projection (MIP),
and shaded surface display (SSD), was first used at our
institution in November of 2002[1,2]. Arterial phase helical
CT can immediately display the major visceral arteries, such
as the celiac artery (CA), superior mesenteric artery (SMA),
inferior mesenteric artery (IMA), and hepatic artery (HA)[3-5].
Preoperative visualization of these vessels is useful for lymph
node dissection, preservation of the left colic artery (LCA),
planning of the reservoir, and hepatectomy.
MATERIALS AND METHODS
Dual-phase helical CT was performed with a high-speed
scanner (Aquilion M8, Toshiba Medical Systems Co., Ltd.,
Tokyo, Japan) on 50 patients (28 male and 22 female)
between December of 2002 and July of 2004. The ages
of the patients ranged from 36 to 81 years (mean 65.9).
One patient was unable to undergo CECT due to renal
dysfunction. Twenty-eight, eighteen and four patients
suffering from colorectal cancer, gastric cancer and liver
cancer respectively underwent colorectal surgery
(laparoscopic surgery: 6 cases), gastrectomy and hepatectomy
respectively. A 20-gauge cannula was inserted into an
antecubital and dual-phase helical CT was then performed
after power injection of 1.5 mL/kg of iohexol at a rate of
3 mL/s. An automatic bolus-tracking program (Surestart,
Toshiba Medical) was used to automatically start the arterial
phase scan after the injection of iohexol. The CT values of
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SRA
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IMA

SRA

Figure 1 A case of sigmoid colon cancer who under went a
laparoscopic sigmoidectomy. A: Three-dimensional volume-rendered CT (3DCT) angiographic reconstructions show the IMA and
its branches; B: The intraoperative findings similar to the preoperative visualizat ion of the IMA were obtained. Whit e arrowheads show the sigmoidal artery.
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Dual-phase helical CT data were then transferred to a Zio
M900 workstation (ZioSoft, Inc., Morgan Hill, CA, USA),
and three-dimensional CT (3DCT) images of IMA, CA or
HA were reconstructed. Bones, large untargeted vessels and
background tissues could be eliminated from the image. If
necessary, the MPR or MIP image was reconstructed.
Dual phase helical CT is often performed to follow up
postoperative patients, too. It is useful in diagnosis and screening.

RESULTS
Before surgery for sigmoid colon or rectal cancer, 3DCT
of the IMA was performed for dissection of the lymph
nodes around the root of the IMA. In all patients except
two, the LCA was easily preserved in open and laparoscopic
surgery (Figure 1). In the two cases, the root of the IMA
was resected because macroscopically metastatic lymph nodes
adhered to the LCA. The adhesion had been preoperatively
identified on 3DCT (Figure 2) and was confirmed in
intraoperative findings. In one patient, a slight deformity of
the SRA was noticed (Figure 3), but preoperative 3DCT
enabled us to recognize the superior rectal artery (SRA) and
LCA easily. In gastrectomy for gastric cancer, CT imaging
was useful in examining the variation of the major vessels.
Preoperative visualization of the common hepatic artery
(CHA) diverging from the SMA (Figure 4A), and of the
right hepatic artery (RHA) branching from the SMA
(Figure 4B) was extremely helpful in lymph node dissection
and in the planning of a reservoir in cases of multiple
metastatic liver cancer. In hepatectomy, 3DCT was of
particular use in a patient who could not undergo angiography
due to severe arteriosclerosis (Figure 5).
It was difficult to distinguish in the axial view whether a
patient who underwent right hemicolectomy for ascending
colon cancer suffered from dissemination or liver metastases
(Figure 6A), however, he was diagnosed with dissemination
by MPR image (Figure 6B).

B

SRA

LCA

Figure 2 A: 3DCT image of the LCA is partially indistinct (two
arrowheads); B: Swollen lymph nodes adhered to the LCA (two
arrowheads).

the region of interest specified in the abdominal aorta were
automatically calculated. The trigger for starting the
diagnostic scan was set at an increase in aortic enhancement
of 50 H, and the arterial phase helical CT scan started
automatically at 17 s after the trigger level had been reached.
Late phase scanning was initiated at 60 s after the arterial
phase scan[6] . After the state of the original region was
estimated, metastatic or other lesions were examined. During
each phase, scanning was performed in a single breath-hold.

DISCUSSION
Multislice CT has many merits including the short scanning
time[7,8], ease of data acquisition for 3D volume rendering,
MPR, SSD and MIP performance. In gastroenteric and
hepatic surgery, multislice CT is highly useful, particularly
for preoperative visualization of the regional arteries, and
in gastroenteric surgery visualization of the major visceral
arteries is extremely helpful in lymph node dissection in
open and laparoscopic surgery. Until recently, preoperative
definition of the vascular anatomy was achieved by
conventional catheter angiography. However, at our hospital,
dual-phase helical CT during the arterial and late phases of
contrast material enhancement is now performed before
gastroenteric and hepatic surgery. In resection of advanced
sigmoid colon and rectal cancer, we routinely dissect the
lymph nodes around the root of the IMA while preserving
the LCA because resection of the root of the IMA
occasionally causes ischemia of the oral side of the sigmoid
colon, sometimes leading to anastomotic leakage[9] . In
gastrectomy, preoperative imaging of arterial anomalies such
as the anomalous RHA or the CHA arising from the SMA
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B
LHA
LCA

IMA

IMA

LCA

RHA
CHA

SRA
SRA

Figure 3 A: A slight deformity of the SRA was showed by 3DCT;
B: In intraoperative findings, a slight deformity of the SRA was
comfirmed.

Figure 5 A case of hepatocellular carcinoma who could not undergo angiography due to severe arteriosclerosis. Preoperative visualization of the HA was obtained.

A
A

B

B
CHA

SMA

RHA
SMA
Figure 6 The follow-up patient who underwent right hemicolectomy for ascending colon cancer: A: In the axial view, it was difficult
to distinguish whether low density area (LDA) in the lateral segment
of the liver was dissemination or liver metastasis; B: The LDA was
diagnosed as dissemination by MPR image (a sagittal view).

Figure 4 3DCT scans showed the CHA diverging from the SMA (A)
and the RHA branching from the SMA (B).
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Abstract
AIM: To examine the etiology and pathophysiology in
human ischemic colitis from the viewpoint of ischemic
factors such as hypoxia-inducible factor 1 alpha (HIF-1
alpha and vascular endothelial growth factor (VEGF).
METHODS: Thirteen patients with ischemic colitis and
21 normal controls underwent colonoscopy. The follow-up
colonoscopy was performed in 8 patients at 7 to 10 d
after the occurrence of ischemic colitis. Biopsy samples were
subjected to real-time RT-PCR and immunohistochemistry
to detect the expression of HIF-1 alpha and VEGF.
RESULTS: HIF-1 alpha and VEGF expression were found in
the normal colon tissues by RT-PCR and immunohistochemistry.
HIF-1 alpha and VEGF were overexpressed in the lesions
of ischemic colitis. Overexpressed HIF-1 alpha and VEGF
RNA quickly decreased to the normal level in the scar
regions at 7 to 10 d after the occurrence of ischemic
colitis.
CONCLUSION: Constant expression of HIF-1 alpha and
VEGF in normal human colon tissue suggested that HIF-1
alpha and VEGF play an important role in maintaining
tissue integrity. We confirmed the ischemic crisis in
ischemic colitis at the molecular level, demonstrating
overexpression of HIF-1 alpha and VEGF in ischemic
lesions. These ischemic factors may play an important
role in the pathophysiology of ischemic colitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ischemic colitis is a vascular condition of inadequate blood
flow in the colon, which leads to colonic inflammation and
can produce significant morbidity and mortality. Two wellknown risks -factors of ischemic colitis are vascular factors
and bowel factors[1,2]. The vascular factors are related to
systemic arteriosclerosis based on hypertension, diabetes
mellitus, hyperlipidemia and thrombus, embolus, and
vasculitis. It is also associated with hypovolemia, hypotension
and the use of vasoconstricting drugs[1,3]. The bowel factors
are colon spasm, constipation, fecal impaction and prior
history of abdominal surgery[1,2]. The well- known pathological
findings are degeneration, deciduation, necrosis, regeneration
of the epithelial layer, congestion, fibrin thrombus in blood
capillaries, leukocyte invasion in the lamina propria and
bleeding, edema, and exudates in the submucosal layer[4].
Ischemic crisis is believed to occur in the tissue in ischemic
colitis. However, there is no precise pathophysiological
examination for so called “ischemic crisis” in this disease.
Drastic adaptation reactions are quickly induced to
maintain homeostasis and preserve life, when the tissues
are in an ischemic condition. Recently, several important
discoveries have been made; the detection of hypoxia
inducible factor 1 alpha (HIF-1 alpha and vascular
endothelial growth factor (VEGF) [5,6] . I ncreased
concentrations of intracellular HIF-1 alpha molecules occur
after hypoxia as a result of reduced degradation by the
ubiquitin proteasome pathway[7,8]. Binding HIF-1 alpha to
the hypoxia response element of several “HIF-regulated
genes” results in the increased transcription of several
proteins involved in angiogenesis, glycolysis, erythropoiesis,
the inhibition of apoptosis, and monocyte-related
inflammation[9,10] . VEGF is one of the most important
factors for angiogenesis. VEGF is produced by the promoter
signals from the HIF-1 alpha complex, secreted as a
paracrine factor to the extracellular space, and binds to
specific receptors, KDR/Flk-1[11-13]. The signal transduction
after self-phosphorylation of the VEGF receptor leads to
angiogenesis due to endothelial cell proliferation[14].
The aim of the present study was to examine the etiology
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and pathophysiology in human ischemic colitis from the
viewpoint of these ischemic factors.

MATERIALS AND METHODS
Thirteen patients with ischemic colitis diagnosed by
endoscopy (3 males and 10 females, mean age 63.2)
participated in the present study. The ischemic lesion was
located from the descending to the sigmoid colon in twelve
cases and from the ascending to the transverse colon in
one case. A total of three biopsy specimens (two from the
lesion and one from normal rectal mucosa) were taken from
each patient. One tissue specimen from the lesion and one
from the normal rectal mucosa were put into a 1.5 mL
Microfuge tube with 100 uL of RNA stabilizer agent
(RNAlater, Qiagen, Valencia, CA, USA), stored at -80 ℃,
and subjected to real-time RT-PCR analysis. One specimen
from the lesion was fixed in 10% buffered formalin (pH 7.2).
Ordinary paraffin sections were cut, stained with hematoxylin
and eosin and subjected to histological analysis. The followup colonoscopy was performed in 8 patients at 7-10 d after
the first endoscopy. In these cases, two biopsy specimens
(one for real-time RT-PCR and one for histological analysis)
were taken from the cured lesion. Twenty-one normal
controls (14 males and 7 females, mean age 67.1) were also
chosen from subjects, who received total colonoscopy for
colon cancer screening, perfor med by the Second
Department of Internal Medicine, Faculty of Medical
Sciences, University of Fukui or Department of Internal
Medicine, and Tannan Regional Medical Center. All normal
controls had normal findings in total colonoscopy. A total
of eight biopsy specimens (two from the terminal ileum,
two from the ascending colon, two from the descending
colon and two from the rectum) were taken from normal
controls. One specimen from each region was subjected to
real-time RT-PCR and one to histology. This work was
performed according to the principles of the Declaration
of Helsinki and consent was obtained from each individual
after a full description of the nature and protocol of the
study.
Real-time quantitative PCR analysis
The tissue specimens were homogenized and an RNA extracted
using RNA extraction kit (RNeasy Mini Kit, Qiagen,
Valencia, CA, USA), according to the manufacturer’s
protocol. HIF-1 alpha and VEGF expression levels were
assessed by real-time quantitative RT-PCR methods with
the ABI prism 7700 system (TaqMan PCR, Applied
Biosystems, Foster city, CA, USA) using Assays-on-Demand
primers and probe sets Hs00153153m1 and Pre-developed
TaqMan Assay reagent 4339277F respectively. The thermal
cycling conditions included 48 ℃ for 30 min and 95 ℃ for
10 min, followed by 50 cycles of amplification at 95 ℃
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for 15 s and 60 ℃ for one minute. The PCR products
were also examined by 2% agarose gel electrophoresis.
The gels were stained with ethidium bromide to confirm
successful amplification of the expected sequences.
Human glyceraldehydes-3-phosphate dehydrogenase
(GAPDH) RNA was measured as a control using Predeveloped TaqMan Assay reagent 4310884E (Applied
Biosystems, Foster City, CA, USA). RNA for GADPH was
used as an endogenous control. The amount of HIF-1 alpha
or VEGF RNA was normalized to the level of GADPH
by the ratio of HIF-1 alpha or VEGF to GAPDH.
Immunohistochemistry
HIF-1 alpha and VEGF expression were analyzed using a
DAKO Envision plus kit (Dako Cytomation, Carpinteria,
CA, USA). The primary antibodies used in this study were
sc-10790 (rabbit, 1:50 dilution) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) for HIF-1 alpha and sc-152 (rabbit,
1:25 dilution) (Santa Cruz Biotechnology, Santa Cruz, CA)
for VEGF. Sections (4 um thick) were dewaxed and
endogenous peroxidase activity was quenched with 3% H2O2
for 30 min. Antigen retrieval was achieved by heat treatment
at 70 ℃ for 3 h. Sections were incubated with a blocking
agent (Protein Block Serum-free: ×0909, Dako Cytomation,
Carpinteria, CA, USA) for 20 min to reduce non-specific
reactions. After washing with tris buffered saline (TBS), the
primary antibodies were applied for 2 h and washed in TBS.
Sections were incubated with a secondary goat anti-rabbit
antibody for 60 min and washed in TBS. The color was
developed by 7 min incubation with DAB solution and the
sections were weakly counterstained with hematoxylin.
Normal rabbit immunoglobulin G was substituted for the
primary antibody as the negative control at the same
concentration. As positive controls, we used advanced gastric
or colon cancer cases with intense cancer cells of HIF-1
alpha and VEGF expression.
Statistical analysis
Statistical analysis was performed using the Statistical
Package for the Biosciences (SPBS) version 9.44 software
(Murata, Kyoto, Japan). Differences among groups were
assessed using the non-parametric Mann-Whitney U test
and the Kruskal-Wallis rank-sum test. Significance was set
at P<0.05.

RESULTS
HIF-1 alpha and VEGF RNA in the normal colon tissues
HIF-1 alpha and VEGF PCR products were found in the
normal colon tissues (Figure 1) and the relative amounts
of expression in each region of the colon were shown in
Table 1. There were no significant differences in the
expression levels among the regions.

Table 1 HIF-1 alpha and VEGF RNA expression in the normal colon tissues

HIF-1 alpha/GAPDH
VEGF/GAPDH
1

Kruskal-Wallis rank-sum test.

Terminal ileum

Ascending colon

Descending colon

Rectum

P1

1.18±0.45
2.49±2.61

1.01±0.38
1.32±0.98

1.12±0.49
1.54±1.26

1.40±0.71
1.55±1.28

0.180 (NS)
0.479 (NS)

Okuda T et al. HIF-1 alpha and VEGF expressions in ischemic colitis
1

2

3
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Figure 1 RT-PCR analysis of HIF-1 alpha (lane 1: negative control;
lane 2: rectal mucosa) and VEGF (lane 3: negative control; lane 4:
rectal mucosa).

VEGF/ GAP D H

80 bp
70 bp

P<0.001
P<0.001

11
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9
8
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Ischemic lesion Normal region Normal descending colon

P<0.001
12

Ischemic colitis patients

Figure 3 VEGF RNA expression levels in the colon tissues.

10
8

A

6
4

0

Ischemic lesion Normal region Normal descending colon
Ischemic colitis patients

Normal controls

Figure 2 HIF-1 alpha RNA expression levels in the colon tissues.

Quantitative analysis of HIF-1 alpha and VEGF RNA in the
colon tissues of patients with ischemic colitis
HIF-1 alpha was overexpressed in the lesions of ischemic
colitis patients. The relative amounts of HIF-1 alpha RNA
levels were significantly higher in the ischemic lesions than
in the normal region in the same patient or in the normal
descending colon tissues of the normal controls (Figure 2).
VEGF was also overexpressed in the lesions of ischemic
colitis patients. The relative amounts of VEGF RNA levels
were significantly higher in the ischemic lesions than in a
normal region in the same patient or in the normal
descending colon tissues of the normal controls (Figure 3).
The colonoscopic findings returned to almost the normal
state with scars at 7 to 10 d after the occurrence of ischemic
colitis. Overexpressed HIF-1 alpha and VEGF RNA quickly
decreased to normal levels in the scar regions (Figure 4).
Immunohistochemical analysis
Weak HIF-1 alpha or VEGF immunoreactive cells were
scattered in epithelial and interstitial cells in normal colon
tissue (Figure 5A, B). In contrast, strong HIF-1 alpha or
VEGF immunoreactive cells were diffusely seen in the
epithelial and interstitial cells, including inflammatory cells
in the ischemic colitis lesions (Figure 5C, D).

DISCUSSION
The first ischemic colitis report was a case report by Boley
et al[15] in 1963, which founded the concept that was later
accurately classified by Marston et al[16] in 1966. It has since
become a well-recognized clinical entity. Most patients
experience a sudden onset of mild, left-sided lower
abdominal pain. Hematochezia may occur within 24 h. The
most susceptible areas of the colon to ischemic damage are
the “watershed regions”, which include the splenic flexure,
descending and sigmoid colons. The endoscopic features
are non-specific; erythematous and edematous mucosa,

HIF-1/GAPDH

2

P<0.001
11
10
9
8
7
6
5
4
3
2
1
0
Active phase

B

VEGF/ GAP D H

HIF-1/GAPDH

Normal controls

P<0.001

Healing phase

P<0.001
11
10
9
8
7
6
5
4
3
2
1
0
Active phase

Healing phase

Figure 4 HIF-1 alpha and VEGF RNA expression levels in the colon
tissues in the active and healing phases of ischemic colitis.

submucosal hemorrhages, and scattered areas of mucosal
ulceration[1] . The well known pathological findings are
degeneration, deciduation, necrosis, regeneration of the
epithelial layer, congestion, fibrin thrombus in blood
capillaries, leukocyte invasion in the lamina propria and
bleeding, edema and exudates in the submucosal layer [4] .
Ischemic crisis is believed to occur in ischemic colitis tissue.
However, there is no precise pathophysiological examination
for so-called “ischemic crisis” in this disease.
Semenza et al[5,17] discovered a new transcriptional factor;
HIF-1 alpha in 1995. HIF-1 alpha is induced by tissue
ischemia and promotes gene transcription[18]. HIF-1 alpha
increases and activates some important proteins and enzymes,
providing a strong defense against apoptosis subsequent to
severe hypoxia. HIF-1 alpha has important roles in the
production of erythropoietin in the kidneys, induction of
anaerobic glycolysis, angiogenesis via VEGF and activation
of myeloid cell-mediated inflammatory reactions[9,10]. Senger
et al [19] reported a vascular permeability factor (VPF) in
1983 and Ferrara et al[20,23] independently identified a new
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Figure 5 Immunostaining of HIF-1 alpha or VEGF in the colon tissues. Weak HIF-1 alpha or VEGF immunoreactive cells were scattered in
epithelial cells and interstitial cells in normal colon tissue (A: HIF-1 alpha; B: VEGF). In contrast, strong HIF-1 alpha or VEGF immunoreactive
cells were diffusely seen in the epithelial and intestinal cells, including inflammatory cells in the ischemic colitis lesions (C: HIF-1 alpha; D:
VEGF). Scale bars represent 100 m.

angiogenic factor called VEGF in 1989. VEGF was the
same as VPF, and it has been accepted that VEGF is one
of the most important factors for angiogenesis[6]. VEGF
has the functions of epithelial cell floating, proliferation
and increasing the vascular permeability. VEGF is produced
by the promoter signals from the HIF-1 alpha complex,
secreted as a paracrine factor to extracellular space and
binds to specific receptors, KDR/Flk-1 and Flt-1[12,13]. Then,
the endothelial cell proliferation is promoted and finally
angiogenesis is achieved under the hypoxic condition. In
the present study, we demonstrated that two ischemic factors,
HIF-1 alpha and VEGF, were constantly expressed in
human colon tissue and were overexpressed in the ischemic
colitis lesions. Our findings are the first molecular evidence
of ischemia in ischemic colitis.
In addition, the overexpressed HIF-1 alpha and VEGF
in the acute phase of ischemic colitis decreased to normal
levels after 7 to 10 d. The colonoscopic findings also showed
scarring in the lesion. These drastic changes suggest that
when the ischemic crisis occurred, HIF-1 alpha and VEGF
were induced immediately to prevent the expansion of tissue
damage and to start quick repair to damaged tissue.
Subsequently, these ischemic factors finished their role and
their expression decreased to the ordinary state after the
tissue recovered. This rapid change in the expression seems
to differ from the continuous overexpression in inflammatory
bowel disease[21,22].
We confirmed the ischemic crisis in ischemic colitis at
the molecular level by analyzing the expression of HIF-1
alpha and VEGF. These ischemic factors may play an
important role in the pathophysiology of ischemic colitis.
We also demonstrated that HIF-1 alpha and VEGF were

constantly expressed in normal human colon tissue including
terminal ileum. The expression level of these factors was
the same among regions of the colon, even though it is the
descending colon where ischemic changes often occur.
These ischemic factors were seen in epithelial cells and
submucosal components. These results suggested that HIF-1
alpha and VEGF may play important roles in maintaining
tissue integrity by regulating the delicate balance between
proliferation and apoptosis. Further analysis of the function
of these ischemic factors in the pathophysiology of the
disease will be necessary in the future.
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Abstract
AIM: Racecadotril is a specific enkephalinase inhibitor that
exhibits intestinal antisecretory activity without affecting
intestinal transit. Loperamide is an effective anti-diarrheal
agent, but it usually induces constipation. This study is to
compare the efficacy, safety, and tolerability of racecadotril
versus loperamide in the outpatient treatment of acute
diarrhea in adults.
METHODS: A two-center, randomized, parallel-group,
single-blind study was carried out to compare the efficacy,
tolerability, and safety of racecadotril (100 mg thrics daily)
and loperamide (2.0 mg 2 twice daily) in 62 adult patients
suffering from acute diarrhea. The main efficacy criterion
used was the duration of diarrhea after beginning the
treatment (in hours). Other signs and symptoms were
also evaluated.
RESULTS: The clinical success rates for these antidiarrheal treatments were 95.7% and 92.0% for
racecadotril and loperamide respectively. Patients on
racecadotril had a median duration of diarrhea of 19.5 h
compared with a median of 13 h for patients on loperamide.
Rapid improvement in anal burn and nausea was found
for each drug. However, more patients on loperamide
suffered from reactive constipation (29.0% vs 12.9%).
Itching, another adverse event was notably higher in the
racecadotril group (28.6% vs 0%). With regard to other
adverse events, the two medications showed similar
occurrence rates and similar concomitant medication
usage rates.
CONCLUSION: Racecadotril and loperamide are rapid,
equally effective treatments for acute diarrhea in adults,

but loperamide treatment is associated with a higher
incidence of treatment-related constipation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Infections of the gastrointestinal tract, especially infectious
diarrhea, are among the most common debilitating infectious
diseases, afflicting people of all ages around the world[1] .
Diarrhea remains the third most frequent syndrome seen
in general practice[2]. Although an etiologic agent is not found
in many cases, microbial infection is the most common
cause of most acute diarrheal diseases. The underlying
pathophysiological problem of acute diarrhea is generally
attributed to hypersecretion by the intestinal mucosa.
Edelman commented that the ideal treatment for acute
diarrhea should combine replacement of water and
electrolytes with a medication able to inhibit intestinal
hypersecretion while not slowing gastrointestinal transit[3].
Despite possessing effective anti-diarrheal properties, the
-receptor agonist, loperamide and other opiates, may cause
adverse effects such as reactive constipation and abdominal
distension[4] . Their mode of action is through disrupting
forward propulsive motility, increasing gut capacity, and
delaying passage of fluid through the intestine.
The enkephalins were discovered in 1975, and act as
neurotransmitters along the gastrointestinal tract where they
are found in high levels in the mucosal cells[5]. Enkephalins,
endogenous opiate substances contributing to antisecretory
activity, play an important physiological role acting as
neurotransmitters, notably along the digestive tract. These
substances can elicit intestinal antisecretory activity without
affecting intestinal transit. Racecadotril, a specific
enkephalinase inhibitor, exhibits intestinal antisecretory
activity not only in animal models but also in humans, without
contributing to intestinal transit time[6]. Although several
studies about this drug have been reported in the literature,
no study has been reported in the oriental country; so this
study was designed to compare the efficacy, safety and
tolerability of racecadotril with loperamide in the treatment
of acute diarrhea in adult patients.
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MATERIALS AND METHODS
Male or female adults over 18 years of age who were
suffering from acute diarrhea of presumed infectious
origin were eligible for inclusion in the study. Acute
diarrhea was defined as the passing of at least 3 watery
stools in a minimum of 24 h and for the duration of less
than five days.
Exclusion criteria were the presence of chronic,
iatrogenic, or bloody diarrhea, having received antibiotic
treatment for other medical or surgical problems, having a
history of renal or hepatic dysfunction, having a concomitant
infection, or being otherwise immunocompromised. Patients
receiving treatment with an anti-diarrheal drug in the five
days prior to the study were also excluded. Pregnant or
lactating women and women planning pregnancy were also
ineligible for study participation.
The study was a randomized, single-blind, and parallel
group design implemented in two separate centers in Taiwan
from April 2001 to December 2001. Before treatment, the
patients collected one stool for culture, and gave blood for
a blood cell count. Patients were randomly allocated to
receive either 100 mg tablets of racecadotril three times
daily (half an hour before or one hour after meal), or 2.0
mg tablets of loperamide twice daily.
The drugs are prepared with the same color of capsule
in the outer appearance and given (drugs) by pharmacist
according to a randomized controlled (sheet) schedule.
Patients were treated until recovery, defined as the
production of 2 consecutive normal stools or no stool
production for a period of 12 h. If recovery did not occur
in 7 d, this treatment was discontinued. The first dose of
the medication was taken under the supervision of a
designated study physician or nurse.
No additional anti-diarrheal therapies or concomitant
medications were permitted during the study.
Efficacy was documented by the physician and in a diary
card filled in by the patient. The time, number, and stool
characteristics were recorded, as were the occurrence of
several adverse signs and symptoms. Formal evaluation by
the physician occurred on conclusion and at the end of the
treatment visit occurring 10-14 d after entering the study.
Patients withdrawn from the study were to attend a follow-up
visit three weeks after withdrawal to monitor adverse
experiences and concomitant medication changes.
The primary efficacy criterion was the duration of
diarrhea in hours, from the first treatment dose to recovery.
Secondary efficacy criterion consisted of duration of
abdominal pain and abdominal distension. The overall clinical
response as a success or failure was assessed by physicians.
Tolerability and safety were assessed by recording the
adverse events experienced during treatment and by the
occurrence of constipation. The signs and symptoms
evaluated were pain on abdominal palpation, anorexia,
nausea, and anal burning.
The study was approved by the Institutional Review
Board or Ethics Committee prior to each center’s initiation
and conducted in accordance with ICH and the local
Government’s Clinical Practices and the Declaration of
Helsinki; all patients gave their informed consent.
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Statistical analysis
Statistical analysis was performed using SAS vision 8. Both
intent-to-treat (ITT) and per protocol (PP) analyses were
performed for primary and secondary parameters. Estimates
of the survival distribution of the duration of diarrhea
were analyzed using K aplan-Meier sur vival analysis
techniques. The overall clinical response of treatment groups
was compared using the Cochran-Mantel-Haenszel test, as
was the comparison of treatment group changes from
inclusion to the end of treatment visit.

RESULTS
A total of 62 patients were entered into the study, and all
received at least one dose of study medication under
supervision at the investigator site. All patients who had
valid baseline data and were used in the ITT analysis are
shown in Table 1.
The full data set consisted of 62 patients, with the 48
patients who participated fully making up the per protocol
population (77.4%). Two patients (6.5%) did not complete
the study due to adverse experiences, 11 patients (17.7%)
were considered non-completers due to deviation from
protocol, and 2 patients (3.2%) were lost to follow-up.
Of the initial 31 patients who received racecadotril, there
were 15 males and 16 females. Thirty-one received
loperamide (17 males and 14 females). The mean ages were
38.4±15.1 years for racecadotril and 34.7±12.3 years for
loperamide. Patients in the 2 groups were comparable on
other demographic variables (Table 1).
Based on the ITT population, the mean duration of
diarrhea in the racecadotril group (n = 31) was 19.5 h and
for the loperamide group (n = 31) was 13.0 h (P = 0.23).
Based on PP analysis, the mean duration of diarrhea was
19 h in the racecadotril group (n = 23) compared to 13.0 h
for the loperamide group (n = 25, P = 0.37). Both results
are shown in Figure 1.
The mean duration of abdominal pain in the ITT
population was 16 h for racecadotril and 14 h for loperamide.
In the PP population, the median duration of abdominal
pain was 16 h for racecadotril and 15 h for loperamide.
The median duration of abdominal distension for the
racecadotril group was 12 h in both the ITT and the PP
analyses, but 12 and 14 h respectively in these populations
on loperamide (Table 2).

h 20
18
16
14
12
10
8
6
4
2
0

P = 0.2301

P = 0.3704

Racecadotril
Loperamide

ITT

PP

Figure 1 Mean duration of diarrhea (h). ITT (intent-to-treat); PP
(per protocol).
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Therapeutic improvement rates in the anal burning sensation
were 71.0% (ITT) and 78.3% (PP) in the racecadotril group;
74.2% (ITT) and 76.0% (PP) in the loperamide group. For
symptoms of nausea, the clinical improvement rates were
74.2% (ITT) and 78.3% (PP) in racecadotril group, 77.4%
(ITT) and 80.0% (PP) in loperamide group (Table 3).
Treatment in the majority of patients was judged clinically
successful. The percentages of successful treatments were 87.1%
(ITT) and 95.6% (PP) in the racecadotril group and 87.1%
(ITT) and 92.0% (PP) in the loperamide group (Table 4).
There were 14 (24.0%) patients who experienced at least
one adverse event during the study: 8 (25.0%) in the
racecadotril group and 7 (22.0%) in the loperamide
group. The most frequently occurring adverse events were
constipation (16.7%), bloody stool (11.1%), and itching
(11.1%). A significantly greater number of patients
experienced constipation in the loperamide treatment group
(29.0% vs 12.9%, Table 5).

Table 1 Baseline patient characteristics (mean±SD)
Characteristics
Male/Female

Racecadotril
(n = 31)

Loperamide
(n = 31)

P

15 (48.4)/16 (51.6%)

17 (54.8%)/14 (45.2)

0.7997

31 (100%)

31 (100%)

1.0000

Oriental
Age (yr)

38.4±15.1

34.7±12.3

0.2961

Weight (kg)

57.4±12.7

59.6±9.0

0.4339

Height (cm)
BMI

162.6±9.6

164.8±9.6

0.357

21.5±3.3

22.0±2.9

0.6074

Table 2 Mean duration of symptom (h)
Symptom

Population

Racecadotril Loperamide

P

Abdominal pain

ITT
PP

16.0
16.0

14.0
15.0

0.9509
0.7177

Abdominal distension

ITT

12.0

14.0

0.5602

PP

12.0

12.0

0.5250

Table 3 Rates of improvement in anal burn and nausea
Symptom

Population Racecadotril (%)

Anal burn
Nausea

ITT
PP
ITT
PP

22/31 (71.0)
18/23 (78.3)
23/31 (74.2)
18/23 (78.3)

Loperamide (%)

P

23/31 (74.2)
19/25 (76.0)
24/31 (77.4)
20/25 (80.0)

0.7353
0.7428
0.6590
0.6475

Table 4 Clinical response by treatment group
Population
ITT
Clinical success
PP
Clinical success

Racecadotril (%)

Loperamide (%)

P

22/31 (87.1)

27/31 (87.1)

0.7212

22/23 (95.6)

23/25 (92.0)

0.6248

Table 5 Treatment-related adverse events with an incidence of
more than 1 %
Population event

Racecadotril (n = 31) (%) Loperamide (n = 21) (%)

Constipation

4 (12.9)

9 (29.0)

Bloody stool

1 (14.2)

1 (9.1)

Skin itching

2 (28.6)

0 (0.0)

Abdominal pain on palpation

1 (14.3)

0 (0.0)
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DISCUSSION
The results of this randomized, parallel, controlled study
confirm that the efficacy, tolerability, and safety of
racecadotril are comparable to those of loperamide in
treating acute diarrhea in adults, but racecadotril treatment
is less associated with the adverse event of constipation.
In clinical practice, we usually use anti-diarrheal agents
for patients suffering from acute diarrhea. In principle,
because the mechanisms of stopping diarrhea are different
in loperamide and racecadotril, there might be reason to
choose one before the other. Loperamide activates the
-receptor, prolonging the orocecal and colonic transit times
by disrupting the gut’s electrical activity, increasing gut
capacity, and delaying the passage of fluids through the
small intestine; it has no direct effect on absorption[12].
Racecadotril is a specific inhibitor of enkephalinase. It
activates the -receptor to reduce secretory activity in the
gut [16] , thereby prolonging the antisecretory effect of the
endogenous enkephalins.
Of the 62 patients randomized (ITT population), 48
patients (23 in racecadotril group and 25 in loperamide
group) were considered valid as per protocol. The results
of the study showed that no statistically significant
differences were found in the effects of these medications
on the duration of diarrhea (19.5 h vs 13.0 h), the duration
of abdominal pain (P = 0.95, ITT and P = 0.71, PP), or on
the duration of abdominal distension (P = 0.56, ITT and
P = 0.52, PP) for the racecadotril groups and the loperamide
groups respectively. The clinical improvement rates in anal
burning sensation and nausea were greater than seventy
percent in both the racecadotril group and the loperamide
group, but the differences between the two groups did not
reach statistical significance.
Therefore, the estimated clinical success rates, including
duration of abdominal pain, abdominal distension, diarrhea,
and anal burning sensation, were high in both the racecadotril
and loperamide treatment groups in per protocol populations
(95.6% and 92.0% respectively).
These two different medications show similar adverse
events such as constipation, bloody stool, abdominal pain,
skin itching, palpitation, dizziness, cold sweating, and
headache. Skin itching was somewhat more frequent in the
racecadotril group, but there was no statistically significant
difference. This may be due to the relatively small study
population, and needs further confirmation with a larger
population. The adverse event of constipation in the
racecadotril group is lower than in the loperamide treated
group (12.9% and 29.0%) although there was no statistical
significance.
The in vivo study by Hinterleitner et al also showed that
plasma enkephalinase was significantly inhibited within
the first 30 min of administration of racecadotril, and
maximum inhibition was seen after 60 min. The inhibition
of intestinal fluid secretion by racecadotril was confirmed
by studying the effect of racecadotril on cholera-induced
hypersecretion in the jejunum of 6 healthy subjects, which
showed that racecadotril had no influence on basal water
and electrolyte absorption (133 vs 140 mL/30 cm × h). But
in control group, significant water secretion was induced
(131 mL/30 cm × h). Racecadotril completely prevented this
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secretion by leaving an absorption rate of 27 mL/30 cm × h[17].
There also demonstrated inhibition of intestinal secretion
by racecadotril in diarrhea induced by castor oil, a model
of hypersecretory diarrhea[7]. In a study by Hamza et al [18],
racecadotril produced a significant (P = 0.025) decrease in
stool weight during the first day of treatment compared
with placebo, and was also associated with significantly
fewer diarrhoeic stools than placebo after 1 d of treatment
(P = 0.027), but less abdominal distension was found on
racecadotril group than placebo group (5.6% vs 18.2%).
The anti-motility mechanism of action of many
traditional drugs used to treat diarrhea can lead to adverse
effects such as constipation, abdominal pain, and abdominal
distension, which limits the potential use of these drugs[14,19,20].
This study revealed that racecadotril is associated with a
somewhat lower incidence of treatment-related constipation
than that of loperamide. The study of the result in Rouge’
et al showed racecadotril and loperamide were both rapidly
and similarly effective, diarrhea resolving in both cases in
nearly 2 d. With racecadotril, however, abdominal distension
vanished significantly more rapidly (50.0% vs 27.0%; P<0.05),
and reactive constipation was less frequent (31.1% vs 8.1%;
P<0.02). These differences can be accounted for by the
distinct mechanisms of antidiarrheal activity of the two
drugs[8]. In our study the mean duration of stopping diarrhea
is 19.5 h on racecadotril treated group that is better than
Rouge’ et al study. So this study showed racecadotril has
better effective for stopping diarrhea in oriental population,
but has the same safety between oriental population and
western population. However, multicenter-trial with a larger
cohort of patients are required before racecadotril can be
recommended as the drug of choice in acute diarrhea in
oriental population.
In summary, the results of our study have confirmed
that racecadotril is an effective antihypersecretory agent
for the safe, outpatient treatment of acute diarrhea in adults,
and are consistent with a previous study in showing a lower
incidence of treatment-related constipation for this
medication, compared to loperamide.
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Abstract
AIM: To evaluate of Cx26 in correlation with Bcl-xL and
Bax proteins in colorectal cancer.
METHODS: Immunohistochemical staining using specific
antibodies was performed to evaluate the protein
expression of Cx26, Bax and Bcl-xL in 152 colorectal cancer
samples and the correlations among studied proteins as
well as the relationships between the expression of Cx26,
Bax, Bcl-xL and clinicopathological features were analyzed.
RESULTS: Both normal epithelial cells and carcinoma cells
expressed Cx26, Bax and Bcl-xL, but Cx26 in cancer cells
showed aberrant, mainly cytoplasmic staining. Expression
of Cx26, Bax and Bcl-xL was observed in 55.9%, 55.5%
and 72.4% of evaluated colorectal cancers respectively.
We found the positive correlation between Cx26 and
Bax expression (r = 0.561, P<0.0001), Cx26 and Bcl-xL
(r = 0.409, P<0.0001) as well as between Bax and Bcl-xL
(r = 0.486, P<0.0001). Association of Cx26, Bax and Bcl-xL
expression with histological G2 grade of tumors was noted
(P<0.005, P<0.001 and P<0.002 respectively).
CONCLUSION: Cytoplasmic presence of Cx26 and its
association with apoptotic markers could indicate a distinct
role from physiological functions of Cx26 in cancer cells
and it could suggest that connexins might be a target
point for modulations of apoptosis with therapeutic
implications.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The most common way of communication between cells is
gap junctional intercellular communication (GJIC) mediated
by gap junctions (GJs), which are formed from transmembrane
proteins called connexins (Cx). A hexameric unit of connexins
in one cell (a connexon) couples with a corresponding
connexon in a contiguous cell to join the cytoplasm[1]. This
allows synchronizing different functions of cells within a
tissue. The connexin proteins are encoded by a multigene
family, and so far 20 different human Cx genes have been
identified [2]. Gap junctions may be heterotypic (each
connexon composed of different Cx isotypes) or heteromeric
(each connexon composed of more than one Cx isotype)[3].
Gap junction channels allow the exchange of ions,
nucleotides, metabolites and other small molecules (<1 ku)
including second messengers such as cAMP, IP3 and Ca2+
between adjacent cells[3,4]. GJIC plays an important role in
the maintenance of tissue homeostasis probably also by
regulating the balance between cell gain and cell loss[5] .
Cancers are considered to be the result of a disruption of
the homeostatic regulation of a cell’s ability to respond
appropriately to extracellular signals of the body, which
trigger intracellular signal transduction mechanisms. Cancer
cells, among others, have altered ability to programed cell
death. On the other hand, the cancer cells of solid tissues
appear to have either dysfunctional homologous or
heterologous GJIC[6,7]. Altered expression of connexins has
been observed in various cancers and forced expression of
members of this gene family suppresses tumor growth[6,8,9].
The normal human epithelial cells in the colon express
Cx32 and Cx43 [10]. In previous studies we also observed
for the first time Cx26 expression in the normal colon
epithelium as well as in the colorectal cancer[11,12]. However,
the involvement of these connexins in apoptosis during
colorectal carcinogenesis has not been investigated.
Dysregulation of apoptosis plays an important role in a
colorectal carcinogenesis [13,14]. Apoptosis is a complex
physiological process that plays a crucial role in tissue
homeostasis. Recent data suggest that modulation of
molecules involved in the regulation of cell death by
apoptosis may be equally important. The main group of
genes controlling apoptosis is the Bcl-2 family, which includes
both promoters (Bax, Bak, Bad and Bcl-xS) and inhibitors
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(Bcl-2, Bcl-xL and Mcl-1) [15]. Bcl-xL is able to form
heterodimers with Bak and Bax. The elevated expression
of this protein seems to be an early event in colorectal
carcinogenesis[16]. Bax is a proapoptotic factor[15] and shows
a high similarity with some Bcl-2 family proteins such as
Bcl-xL, Bcl-w or Bid. As far as now, immunohistochemical
studies have shown both lacks of statistically significant
differences between expression of Bax in normal epithelial
cells of colorectal mucosa and colorectal cancer cells[16] as
well as overexpression of Bax in primary colorectal cancer
vs normal mucosa[17].
Previous studies of apoptosis have focused mainly on
the role of intracellular signaling pathways in the regulation
of apoptosis. However, some studies have demonstrated
correlation between intercellular communication and
apoptosis[18,19]. On the other hand, interactions between
members of Bcl-2 family and gap junction proteins, connexins, in colorectal cancer have not been investigated;
thus, we examined the expression of Cx26, Bcl-xL and
Bax by immunohistochemistry and correlations between
Cx26 and studied apoptotic markers in colorectal cancer
patients.

MATERIALS AND METHODS
Tissue samples were obtained from 152 patients (78 men
and 74 women) who underwent surgical resection because
of colon (84 cases) and rectal (68) carcinomas. Our study
included 128 colorectal cancers classified histopathologically
as adenocarcinoma and 24 as mucinous adenocarcinoma:
108 cases in G2 grade and 44 cases in G3 grade. There
were 14 tumors in pT2 stage and 138 in pT3 stage. 82/152
(53.9%) patients had involved lymph nodes at the time of
diagnosis. The age of patients ranged from 35 to 92 years
old (mean 65.4 years). Tumor samples with adjacent normal
colon mucosa were collected immediately after tumor
removal, fixed in 10% buffered formaldehyde solution for
48 h and then embedded in paraffin blocks at 56 o C
according to standard procedures. The resected tumors were
histopathologically examined using standard hematoxylineosin staining.
Immunohistochemistry
Paraffin-embedded tissue sections were subjected to
immunostaining, using goat polyclonal anti-Cx26, goat
polyclonal anti-Bax and goat polyclonal anti-Bcl-xL antibodies
(Abs) (Santa Cruz Biotechnology, USA) in dilution rate:
1:400, 1:200 and 1:300 respectively. All primary Abs were
diluted in PBS with 1.5% normal blocking serum. The
studies were performed with avidin-biotin-peroxidase
complex (ABC Staining System, SCBt, USA). Slides were
counterstained with hematoxylin. In negative controls
sections known to stain positively with studied Abs were
included in each run with buffer instead of primary
antibodies.
The evaluation of immunostaining for Cx26, Bax and
Bcl-xL was analyzed in 10 different tumor fields and the
mean percentage of tumor cells with positive staining was
evaluated. The sections were classified as positive when at
least 10% of cancer cells expressed the studied antigens.
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Statistical analysis
The significance of the associations was determined using
Spearman correlation analysis and the 2 test. Probabilities
of P<0.05 were assumed as statistically significant.

RESULTS
Immunohistochemical analysis of the colorectal cancer
sections revealed in 85/152 (55.9%) cases mainly cytoplasmic
localization for Cx26. In a few cancer cases (15/152),
classified in G2 grade, we focally observed punctate
intercellular staining (Figure 1A-D). The adjacent colorectal
mucosa also revealed positive immunostaining for this
protein, but only punctate immunoreactivity was seen
(Figure 1C). Cytoplasmic localization and microgranular
staining for Bax (Figure 1E, F) and Bcl-xL (Figure 1G, H)
proteins was noted in colorectal cancer sections. The adjacent
colorectal mucosa also revealed positive immunostaining
for these proteins. The studied markers were not detected
in control samples, where immunostaining was performed
with the omission of the primary antibodies. The positive
expression of Bax and Bcl-xL was found in 55.5% and
72.4% of the tumors respectively.
Analysis of correlations among assessed proteins revealed
the positive correlation between Cx26 and Bax expression
(r = 0.561, P<0.0001), between Cx26 and Bcl-xL (r = 0.409,
P<0.0001) as well as between Bax and Bcl-xL (r = 0.486,
P<0.0001) (Table 1). Interestingly, correlation between Cx26
and Bax was stronger in better differentiated (G2) than in
poorly differentiated (G3) tumors (P<0.0001 and P<0.006
respectively).

Table 1 Correlations among Cx26, Bax and Bcl-xL expressions in
human colorectal cancer
Comparative factors
Cx26
Cx26
Bax

Bax
Bcl-xL
Bcl-xL

R
0.561
0.409
0.486

P
<0.0001
<0.0001
<0.0001

The expression of Cx26, Bax and Bcl-xL did not
correlate with age, sex of patient, tumor localization or tumor
size. In our study, we noted a tendency toward association
between Cx26, Bax expression and adenocarcinoma, but
not mucinous adenocarcinoma type (P = 0.07 and P = 0.064
respectively) as well as positive association between Bcl-xL
expression and adenocarcinoma type of cancer (P<0.02).
The subgroup of patients without involved lymph nodes
showed unquestionable positive association between Cx26,
Bax, Bcl-xL expression and adenocarcinoma type of tumor
(P<0.001, P<0.02, P<0.0007 respectively). On the other
hand in the case of mucinous adenocarcinoma we did not
find similar relationships. In better differentiated tumors
(G2) we observed more Cx26, Bax and Bcl-xL-positive cases
(P<0.005, P<0.001 and P<0.002 respectively) than in poorly
differentiated tumors (G3). A tendency towards negative
association between Bax expression and lymph node status
(P = 0.063), but not between Cx26, Bcl-xL and lymph node
status was observed.
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Figure 1 Immunohistochemical detection of Cx26 in the human colorectal cancer. A and B: Granular staining of Cx26 localized mainly
between the colorectal cancer cells in the tumor classified in G2 grade; C: Immunopositive deposits in the form of granules are seen in the
normal epithelium adjacent to the tumor; D: Strong cytoplasmic immunostaining of Cx26 in G3 grade colorectal cancer. Original magnification:
A, C, and D ×200, B ×400; E: Cytoplasmic localization of Bax immunostaining in colorectal cancer classified as G2 grade; F: Strong cytoplasmic
immunostaining of Bax in the majority cells of G3 grade colorectal cancer. Original magnification: E ×100, F ×200; G: Cytoplasmic localization
of Bcl-xL immunostaining is focally seen in G2 grade colorectal cancer; H: Strong cytoplasmic immunostaining of Bcl-xL in the majority of
colorectal cancer cells. Original magnification: G ×200, H ×100.

DISCUSSION
Connexins are typically localized in the cell membrane and
normally show a punctate pattern of expression[4,20]. Aberrant
localization of connexins may contribute to the loss of
intercellular communication via gap junctions [21]. Our
previous observations[11] and present results suggest that
impaired communication between neoplastic cells may
depend on the subcellular disturbance in the synthesis and

localization of Cx26. Consequently, Cx26 protein accumulates
in the cytoplasm of cancer cells and it is possible that Cx26
in this localization could play a distinct role from physiological
functions.
Cytoplasmic localization of Cx26 might reflect a
transcriptional or posttranscriptional defect of this protein
during a colorectal carcinogenesis. Previous studies revealed
mutations in the extracellular or transmembrane regions of
connexins, which contributed to alteration in connexins

Kanczuga-Koda L et al. Cx26, Bcl-xL and Bax proteins in colorectal cancer

localization as well as to loss of GJIC[22,23]. Immunohistochemical
studies of the mutant Cx43 protein revealed nuclear and
cytoplasmic localization and no sign of Cx43 in the
intercellular area of mutant cells. Furthermore Krutovskikh
et al [22] revealed that subcellular localization of Cx43 in
tumor cells could play a role in the regulation of tumor
growth. In the other study[25] mutations in the second
extracellular region prevented localization to the plasma
membrane but did not decrease the ability of Cx43 to inhibit
the growth of tumor cells in vitro. Olbina and Eckhart[24]
concluded that regulation of cellular growth by Cx43
does not necessarily require GJIC. It could suggest that
cytoplasmic connexins might control tumor progression by
the influence on the expression of genes, which are
responsible for regulation of cancer cell’s functions. Basing
on above findings and on our previous[11,20] as well as present
results it could be concluded that Cxs localized in the
cytoplasm and in the plasma membrane between cells could
play different roles in malignant and normal cells, but
additional functional studies of the role of Cxs in signalling
pathways are required.
Considerable data demonstrate that connexins could play
a tumor suppressor role. Currently it is accepted that the
tumor suppressive effect of connexins is associated with
inhibition of cell growth and regulation of tissue
differentiation. On the other hand, it has been shown that
enhancing of apoptosis by a transfer of signalling molecules
via gap junctions[5] can contribute to the tumor suppression,
but mechanisms, which regulate these processes are still
unclear and it concern connexins localized in the plasma
membrane. We suppose that regulation of apoptosis by
connexins could be, among others, a result of a control of
apoptotic markers such as Bcl-2 family proteins. This theory
might explain subcellular localization of connexins in
cytoplasmic or nuclear compartments of tumor cells.
Krutovskikh et al [22] proposed that connexins localized in
cytoplasm have different signalling activity than those
localized in the plasma membrane. Moreover, they supposed
that signal transduction functions of connexins require
interactions with other intracellular proteins. In fact Huang
et al [18] observed decreased expression of Bcl-2 in Cx43transfected malignant cells compared to non-transfected
cells. They suggested that connexin genes could regulate
expression of other genes in tumor cells. Similarly Tanaka
and Grossman[19] found that forced expression of Cx26
(transfected cells with a Cx26 adenovirus vector) in prostate
cancer cells suppressed the growth of cancer cells, induced
cell cycle arrest at the G2/M phase as well as decreased the
expression of Bcl-2 and enhanced apoptosis.
Although the role of connexins in cell growth regulation
has been extensively studied, their involvements in apoptosis
remain unclear. It has been postulated that GJIC plays a
significant role in the regulation of apoptosis in cancerous
cells. Krutovskikh et al[5] have found that due to intercellular
communication via gap junctions, cancer cells can spread
cell death signals between themselves, and the messenger
molecules, which initiate apoptotic process in neighboring
cancer cells are probably Ca2+ ions. The ability of cells to
kill each other through GJ channels has been shown in
“bystander death” experiments, where toxin spreads via GJ
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channels from affected cells into neighboring unaffected
cells and eventually kills them[26,27]. On the other hand, cancer
disease is characterized by dysfunction of both, intercellular
communication as well as apoptosis[5,18,27]. Huang et al [18]
found that expression of Cx43 in human glioblastoma cells
increased sensitivity of cells to chemotherapeutic agents,
which resulted from apoptosis. They reported that Cx43mediated apoptosis to chemotherapeutic agents is regulated
in part through the down-regulation of Bcl-2 expression. It
is important to notice that these authors suggested that
increased apoptosis after re-expression of Cx43 might not
be linked to increased gap junctional communication. In
the present study we observed cytoplasmic expression of
Cx26, which we consider to be with altered function. Analysis
of correlations revealed the positive correlation between
Cx26 and proapoptotic Bax as well as between Cx26 and
antiapoptotic Bcl-xL. It suggests that cytoplasmic Cx26 could
perform additional functions in malignant cell, for example,
it might be involved in the control of apoptotic process,
but functional relationships between cytoplasmic Cx26 and
proteins involved in apoptosis require additional studies.
In the present study, we also analyzed correlations
between expression of Cx26, Bax, Bcl-xL and some
clinicopathological features. As described previously[11], we
did not find correlation between Cx26 expression and lymph
node status. But we observed a tendency toward negative
association between Bax expression and lymph node status.
Furthermore, we found that in better differentiated tumors
(G2), more Cx26-positive cases were present than in poorly
differentiated tumors (G3), but mostly cytoplasmic staining
was observed. In some cases of G2 carcinomas punctate
immunostaining for Cx26 was seen. These observations
indicate that during carcinogenesis in colon and rectum there
are possible alterations in Cx26 expression, localization and
probably decrease of functional gap junctions. Interestingly,
we also observed positive association between Cx26
expression and adenocarcinoma type of tumor. It is well
known that mucinous adenocarcinoma is associated with
poorer outcome of patients than adenocarcinoma, so the
presence of Cx26 in cytoplasm of colorectal tumors could
be a good prognostic factor.
Our results showed aberrant expression and localization
of connexin 26. Furthermore, cytoplasmic presence of
Cx26 and its association with apoptotic markers could
indicate a different role of Cx26 in neoplastic cells than
participation in gap junctional intercellular communication
and it could suggest that connexins might be a target point
for modulations of apoptosis with therapeutic implications.
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Abstract
AIM: The cag pathogenicity island (PAI) is one of potential
virulence determinants of Helicobacter pylori . The
Mongolian gerbil is a suitable experimental animal for
the screening of virulence factors of H pylori.
METHODS: Five-week-old Mongolian gerbils were
inoculated with a standard H pylori strain (ATCC 43504)
possessing the cag PAI or a clinical isolate lacking the
genes’ cluster (OHPC-0002). The animals were killed at
2, 4, 8, 24 and 48 wk after inoculation (n = 5 each), and
macroscopic and histopathological findings in the stomachs
were compared.
RESULTS: In gerbils infected with ATCC 43504, a more
severe degree of infiltration of polynuclear and
mononuclear cells and lymphoid follicles was observed
from 4 wk after inoculation compared to gerbils infected
with OHPC-0002 especially in the antrum and transitional
zone from the fundic to pyloric gland area. In addition,
glandular atrophy, intestinal metaplasia, gastric ulcer and
hyperplastic polyps were noted in gerbils infected with
ATCC 43504, whereas only mild gastric erosions occurred
in those infected with OHPC-0002.
CONCLUSION: Our results indicate that the cag PAI could
be directly involved in gastric immune and inflammatory
responses in the Mongolian gerbils, leading to a more
advanced gastric disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is a Gram-negative, spiral-shaped,
microaerophilic bacterium that colonizes the human gastric
mucosa[1-3]. The prevalence of H pylori infection is still high
in Asian countries including Japan, and this organism is now
recognized as a major cause of chronic active gastritis[1-4],
peptic ulcers[2-6] and gastric malignancies[4,5,7,8]. However, the
clinical manifestation of H pylori infection varies widely in
infected individuals and most persons are asymptomatic all
their life[9]. The pathogenic mechanism of this pleomorphism
is not completely understood, but might be explained, in
part, by strain diversity[10-13].
Several factors have been proposed as possible virulence
determinants[14-18]. Among them, the cag pathogenicity island
(cag PAI), a 40-kb cluster of -30 genes of supposedly
extraneous origin[19], is reportedly associated with advanced
gastroduodenal diseases including gastric cancer[11-14].
In an effort to develop a model that would parallel as
close as possible the course of infection as it occurs in
humans, Hirayama et al[20] established an experimental model
of inbred Mongolian gerbils with persistent H pylori infection.
Infection of Mongolian gerbils with H pylori results in chronic
active gastritis, gastric ulcer, intestinal metaplasia and gastric
cancer[21-24]. The Mongolian gerbil model may be valuable not
only in elucidating H pylori-related neoplasia but also in evaluating
virulence factors[11,12]. We sought to investigate the chronological
and spatial changes of gastric inflammation after inoculation
of H pylori strains possessing or lacking the cag PAI.
MATERIALS AND METHODS
Animals
Five-week-old male specific pathogen-free Mongolian gerbils
(MGS/Sea, male) weighting 27-43 g (Seac Yoshitomi,
Fukuoka, Japan) were used. They were housed four per
cage in stainless-steel cages on hardwood chip bedding in
an air-conditioned room (12/12 h light/dark cycle) at 24 ℃.
They were fasted for 24 h prior to H pylori inoculation, and
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then fed with chow (CE-2; Clea Japan Co., Tokyo, Japan)
and distilled water ad libitum 12 h after inoculation. Experiments
were performed according to the guidelines of Ethics
Committee for Animal Experiments at Nagasaki University.
Bacteria
We used the ATCC 43504 standard strain of H pylori known
to possess cag PAI and the cag PAI-totally deleted strain
OHPC-0002 [25] . The H pylori strains were cultivated on
Muller Hinton II agar plate with 7% horse blood at 37 ℃
for 3 d under microaerophilic conditions [25]. Bacteria
harvested from the plates were incubated in 200 mL of
Brucella broth (DIFCO Laboratories, Detroit, MI) with 10%
horse serum at 37 ℃ for 24 h with vigorous shaking under
controlled microaerophilic atmosphere[23,25]. The inoculum
size was adjusted with sterile saline to produce the optical
density of McFarland 4 at 540 nm[23] .
Experimental design
A total of 75 Mongolian gerbils were randomly assigned to
three experimental groups (25 each group). The animals
were challenged with the vehicle (group A), 10 9 colonyforming units (CFU) ATCC 43504 (group B) or OHPC0002 (group C) in 1 mL of Brucella broth with 10% horse
serum by intragastric gavage. Five gerbils in each experimental
group were sacrificed under anesthesia at 2, 4, 8, 24 and
48 wk after inoculation. The stomachs were quickly removed,
opened along the greater curvature, divided into two, and
used for histopathological and culture examinations.
Histopathological examination
Half the stomach was fixed in 10% neutral buffered
formalin and embedded in paraffin. Four µm thick sections
were stained with hematoxylin and eosin. According to the
Sydney system, each histological parameter of activity
(neutrophils), chronic inflammation (mononuclear cells),
glandular atrophy and intestinal metaplasia was graded into
none, mild, moderate or severe[26]. Intestinal metaplasia was
defined by the presence of goblet cells in glandular mucosa
with Alcian blue (pH 2.5)/periodic acid-Schiff staining[27].
The biopsy specimens were examined blindly without
knowledge of the results of the experimental group.
Culture study
The remaining half of the stomach was minced in 2 mL of
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Brucella broth, placed on the blood agar and incubated for
4 d at 37 ℃ under the microaerophilic conditions[23].

RESULTS
H pylori colonization
H pylori was recovered from almost all gerbils of groups B
and C from 4 wk after inoculation throughout the whole
observation period. The bacterial densities assessed by Giemsa
staining did not differ significantly between groups B and C.
Macroscopic findings
There were no visible changes in the stomach of Mongolian
gerbils of group A throughout the whole observation period.
Until 4 wk after inoculation, no gloss appearance was noted
in the stomach of both groups B and C. At 8 wk, erosions
with bleeding appeared in the antrum and transitional zone
extending from fundic to pyloric mucosa in all the animals
of group B. In one gerbil of the group B, the stomach
contained an ulcer in the vicinity of the transitional zone at
8 wk post-inoculation. The erosive lesions were noted in
the transitional mucosa of 3 and 4 animals of group B at
24 and 48 wk respectively. Sessile polyps with occasional
apical erosions, which were classified histopathologically as
hyperplastic polyps, were seen in the antrum of one
Mongolian gerbil of group B. On the other hand, there
were no visible macroscopic findings in the stomach of
Mongolian gerbils of group C until 24 wk after inoculation.
Mild erosions were seen in the antrum of one gerbil and in
the transitional zone of 2 gerbils of group C at 48 wk.
Histopathological findings
No histopathological changes were noted in the stomach
of Mongolian gerbils of group A throughout the whole
observation period. Table 1 compares the histopathological
grades of gastritis noted in the mucosa of gerbils of groups
B and C based on the Sydney classification. At 2 wk after
inoculation, mild mucosal infiltration of polynuclear and
mononuclear cells appeared in the antrum of one gerbil of
group B. At 4 wk, moderate to severe chronic active gastritis
consisting of mononuclear and polynuclear cells was noted
in the lamina propria of the antrum and transitional zone
of group B. The histopathological changes in group B
reached peak levels between 8 to 24 wk (Figure 1A).
Lymphoid follicles were especially conspicuous in the

B

Figure 1 A: Severe chronic active gastritis was seen in the antrum of Mongolian gerbils infected with ATCC 43504 at 24 wk after inoculation
(magnification, 40-fold); B: Mild chronic gastritis was noted in the antrum of Mongolian gerbils infected with OHPC-0002 at 24 wk after
inoculation (magnification, 40-fold).
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Table 1 Chronological and spatial changes of various parameters of histopathological gastritis in Mongolian gerbils infected with two
species of H pylori
Post-inoculation interval (wk)
Antrum
2

4

Transitional zone

Corpus

8

24

48

2

4

8

24

48

2

4

8

24

48

0
2

0
2

1
4

5
0

0
2

0
0

0
1

1
2

5
0

3
2

2
2

3
2

4
0

ATCC 43504-infected mongolian gerbils
Activity
None
Mild

4
1

0
2

Moderate

0

3

2

3

0

0

2

2

4

2

0

0

1

0

1

Severe

0

0

1

0

0

0

1

3

0

0

0

0

0

0

0

Chronic inflammation
None
Mild

4

0

0

0

0

5

0

0

0

0

5

2

0

2

2

1

0

0

0

0

0

2

0

0

1

0

3

3

1

3

Moderate

0

2

1

2

2

0

3

3

1

2

0

0

2

2

0

Severe
Glandular atrophy

0

3

4

3

3

0

0

2

4

2

0

0

0

0

0

None

5

2

2

2

2

5

4

2

2

1

5

5

5

4

5

Mild

0

3

3

3

3

0

1

3

3

4

0

0

0

1

0

Moderate
Severe

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Intestinal metaplasia
None

5

5

5

5

4

5

5

5

5

5

5

5

5

5

5

Mild
Moderate

0
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Severe

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

OHPC-0002-infected mongolian gerbils
Activity
None

5

5

4

5

3

5

5

5

5

3

5

5

5

5

4

Mild

0

0

1

0

2

0

0

0

0

2

0

0

0

0

1

Moderate

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Severe

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Chronic inflammation
None
Mild

5

5

4

2

1

5

5

5

4

3

5

5

5

5

4

0

0

1

3

2

0

0

0

1

0

0

0

0

0

1

Moderate

0

0

0

0

2

0

0

0

0

2

0

0

0

0

0

Severe
Glandular atrophy

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

None

5

5

4

3

4

5

5

5

4

3

5

5

5

4

5

Mild

0

0

1

2

1

0

0

0

1

2

0

0

0

1

0

Moderate
Severe

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Intestinal metaplasia
None

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

Mild
Moderate

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

Severe

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Data represents number of animals.

submucosa but they were also found in the deep portion of
the mucosa of almost all animals of group B from 4 wk
after inoculation. In the fundic mucosa of group B, mild
mononuclear and polynuclear cell infiltration appeared at
4 wk. Mild to moderate infiltration of neutrophils and
mononuclear cells was noted in the corpus of some gerbils
of group B up to 48 wk, but the grades of gastritis were
less severe than those in the antrum and the transitional
zone. Mild atrophic gastritis appeared in the antrum and
transitional zone of Mongolian gerbils of group B at 4 wk
after inoculation, but seen in the corpus of only one gerbil
at 24 wk. Intestinal metaplasia of incomplete type was found
in the antrum of one gerbil of group B.
On the other hand, some Mongolian gerbils of group C

showed mild mononuclear and polynuclear cell infiltration
in the antral mucosa at 8 wk after inoculation (Figure 1B).
Furthermore, mild to moderate chronic active gastritis was
noted in the antrum and transitional zone at 48 wk in some
animals. Glandular atrophy appeared in the antral and
transitional mucosa at 8 wk but was exclusively mild. No
intestinal metaplasia was present anywhere in the animals
of group C.

DISCUSSION
Various animals have been used for studying experimental
H pylori infection including monkeys, dogs, piglets, domestic
cats, rats and nude mice[28-31] . These animal models had
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disadvantages such as low infection rates, instability,
immunodeficiency and high costs [11,32]. Infection of
conventional mice with H pylori strain SS1 overcame many
of the above problems, but gastritis in mice induced by this
infection is less intense than in humans[33]. In 1996, Hirayama
et al[20] reported the development of a successful Mongolian
gerbil model with persistent H pylori infection. Several
investigators confirmed successively the progression from
chronic active gastritis to atrophic gastritis and then to
intestinal metaplasia and the occurrence of gastric ulcer
in the Mongolian gerbil model[22,23]. In addition, long-term
H pylori infection by itself resulted even in the development
of gastric adenocarcinoma[24]. Thus, the gerbil seems to be
the best experimental model for H pylori infection, and we
employed the Mongolian gerbil to unravel the impact of
cag PAI status, an important virulence determinant, on gastric
pathogenesis in vivo.
In Mongolian gerbils infected with ATCC 43504 with
total cag PAI, mild infiltration of neutrophils and
mononuclear cells appeared in the antrum at 2 wk after
inoculation. From 4 wk, moderate to severe chronic active
gastritis, often accompanied by lymphoid follicle formation,
was noted predominantly in the antrum and transitional zone.
In the fundic mucosa, the severity of gastritis worsened to
moderate from 8 wk. Such chronological changes of
histological gastritis and spatial shift from antral to corporeal
mucosa observed in gerbils infected with ATCC 43504 were
consistent with previous results in Mongolian gerbils
inoculated with other standard or clinical strains possessing
intact cag PAI [11,12,22,23].
The major finding of the present study is that the strain
possessing the cag PAI induced more severe degree of gastritis
in Mongolian gerbils than clinical strain lacking the genes’
cluster [25]. Because there were no differences in the
susceptibility and bacterial density between the two strains,
ATCC 43504 and OHPC-0002, the deletion did not change
the ability of bacterial colonization or proliferation but
affected the inflammatory reactions in the stomach of
Mongolian gerbils. Akanuma et al[12] cited similar results; a
genetically handled mutant lacking total cag PAI or knockout
strain of cagE, one of the functional genes in cag PAI,
ameliorated histopathological gastritis in this animal. In
addition, glandular atrophy, incomplete intestinal metaplasia,
gastric ulcer and hyperplastic polyps were noted in gerbils
infected with the cag PAI-positive strains, whereas only mild
gastric erosions concomitant with slight infiltration of
inflammatory cells occurred in animals infected with the
cag PAI-negative strains. These findings indicate that intact
cag PAI could be directly involved in the host immune and
inflammatory processes and cause more advanced gastric
diseases.
Deletions of the cag PAI and several cag insertion
mutations reportedly block the induction of proinflammatory
cytokine, interleukin-8, in gastric epithelial cell lines[19,34]. The
expression of interleukin-8 gene is up-regulated by nuclear
factor kappa B (NF-B), which is involved in various
inflammatory conditions such as inflammatory bowel
diseases, rheumatoid arthritis and H pylori-associated gastritis
through the regulation of a plethora of genes that encode
bioactive molecules that mediate various immune and
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inflammatory responses[35-37]. In fact, accumulating evidence
indicates that intact cag PAI is a prerequisite for the activation
of NF-B[34]. Considered together, these results suggest that
the cag PAI-mediated activation of NF-B plays an important
role in the pathogenesis of gastritis in Mongolian gerbils.
The VacA protein, which causes vacuolation in cultured
cells[17,18], is responsible for the virulence of H pylori and
ulcer formation in the stomach and duodenum [10,38].
However, since the VacA-positive strains often have intact
cag PAI, the involvement of VacA in inducing gastritis is
still controversial[11,39]. In this regard, the VacA-disrupted
H pylori strain could cause inflammatory changes in the
stomach of Mongolian gerbils to a degree similar to those
seen in Mongolian gerbils infected with the wild strain[11] ,
indicating that VacA is not crucial for gastric inflammation.
Several other candidate genes outside the cag PAI[15,16] should
be validated in this reliable rodent model for the screening
of determinants of virulence of H pylori.
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Abstract
AIM: To reduce the possibility of gastroduodenal
complications. The purpose of this retrospective study
was to survey the literature and compare and discuss the
incidence of post-transarterial embolization (TAE)
gastroduodenal complications.
METHODS: We found reports describing 280 cases of
hepatocellular carcinoma with TAE procedures done during
the past 4 years and selected all of them for our study.
Amongst these cases, 86 were suspected of suffering
gastroduodenal complications within one month of postTAE treatment. Fifteen of these cases were proved by
pan-endoscopy to have gastroduodenal erosions or
ulcerations. We reviewed the angiographic pictures in
patient records to evaluate the possibility that anatomic
and technical skill factors could explain the complications.
RESULTS: Amongst the 15 cases, 9 were primary lesions
of the antrum and prepylorus; 4 had duodenal ulcer or
erosions; 2 had mid-body lesions; none showed a lesion
at the fundus or cardia region. Three cases had not
received TAEs using our ideal method, and may be
associated with possible regurgitation of gel-foam pieces
into the right or left gastric arteries. Two cases involved
sub-selective embolization at a distal point on the hepatic
artery; one case was found by angiography to have
complete occlusion of the celiac trunk.
CONCLUSION: Comparing our results with past cases of
post-TAE gastroduodenal complications, we surmise that
our relatively low incidence (5.3%) of gastric complications
might be explained by our concerted efforts to improve
our technical skills in multi-sequential, selective and superselective approaches to the embolization of tumor vessels.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Transcatheter embolization for hepatocellular tumors has
been performed worldwide for over 20 years. A Japanese
study[1,2] suggested that post-transarterial embolization (TAE)
complications are mainly due to reflux of gel-foam pieces
into the right gastric artery and to special anatomic factors
(e.g., the right gastric artery is located too distal from the
proper hepatic artery). In our 4-year study, we evaluated
cases that had been reported in the literature and which
resulted in post-TAE-induced gastroduodenal complications,
as seen on endoscopy. In the current study we compare
and discuss these cases.
MATERIALS AND METHODS
From January of 2000 to December of 2003, hundreds of
cases in our hospital were diagnosed as hepatocellular
carcinoma by fine needle biopsy, characteristic elevation of
alpha-fetoprotein, or characteristic imaging findings (including
three phases CT scans and diagnostic angiography). These
patients received our TAE or transarterial chemotherapeutic
embolization (TACE). In order to prevent the possible
influence of adverse gastroduodenal effects due to anticancer
drugs[3], we excluded cases of combined treatment with
chemotherapeutic, anticancer drugs (TACE). A total of 280
TAE cases were evaluated in this retrospective study.
Our TAE procedures involved administration of a
mixture of lipiodol and 2 mg of gentamicin in a 20 cc
syringe and a mixture of gel-foam pieces with contrast
medium in another 20 cc syringe.
In order to prevent gastroduodenal complications, to
preserve hepatic function and to decrease other possible
adverse effects, most procedures involved placement of a
4- to 5-fr. catheter or a microcatheter, superselectively or
selectively, so that embolization was as close as possible to
the tumor vessels. The mixtures were transferred into smaller
2 cc syringes to achieve a slow and steady controlled injection.
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The procedures were closely monitored under fluoroscopy
in order to minimize backflow of lipiodol and gel-foam
powder into the right gastric, left gastric or gastroduodenal
arteries.
As part of our retrospective study, we recorded cases
where patients had suffered gastric discomfort after the
TAE procedure. There were 86 cases that received panendoscopy of the upper gastrointestinal tract (from
esophagus to duodenum). Fifteen cases were chosen with
positive findings of acute gastroduodenal erosions and
ulcerations and which met the following criteria: (1) no history
of peptic ulcer in the past 3 years; (2) patients began to
have epigastric pain, nausea, black color stool or other gastric
symptoms less than one month after TAE.

RESULTS
General observation
Amongst the 15 cases, 11 (73%) were suffering from GI
symptoms and received pan-endoscopy with positive findings
less than one week after TAE; 4 (27%) received panendoscopy more than one week but less than one month
after TAE.
Endoscopic findings for the above study group included
active stages of erosion and ulceration. None were found
to involve active bleeding. The location of the main
gastroduodenal lesions[3-5] we found, is listed in Table 1.
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(2) Two cases (13.3%) showed complete displacement of
the origin of the right hepatic artery to the superior mesenteic
artery. The left hepatic and left gastric artery divided from
the common hepatic artery. The right gastric artery arose
from the left hepatic artery. TAE procedures were completed
with selective injection (slow steady injection under
fluoroscopic monitoring) into the right hepatic artery. PostTAE angiographic injections showed no diminished blood
flow in the right and left gastric arteries; (3) Two cases
(13.3%) showed a three-branched celiac trunk with the right
gastric artery arising from the left hepatic artery. The right
hepatic artery divided from the proper hepatic artery. TAE
procedures were completed with selective or super-selective
injections into the right hepatic artery, again with slow steady
injection under fluoroscopic monitoring. Post-TAE
angiographic injections showed no diminished blood flow
in the right and left gastric arteries; (4) there was one case
(6.7%) with complete occlusion of the celiac trunk. Arterial
angiography showed the absence of the common hepatic artery
and its branches. The catheter was inserted so as to approach
the right lobe of the hepatic tumor via a collateral branch of
the SMA. The TAE procedure was completed without
angiographic mapping of the right and left gastric arteries.

A

B

Table 1 Upper GI endoscopic findings of mucosal erosion or ulceration among 15 TAE cases
Location

Case number

Fundus and cardia

0

Mid-body
Antrum and pre-pylorus

2
9

Duodenal ulcer or erosions

4

P

0.77

Anatomic and technical skill observation
Under arterial phase imaging, different patterns of anatomy
of the proper hepatic artery, right hepatic artery and right
gastric artery were found[6]:
(1) Ten of the fifteen cases (66.7%) showed the most
common anatomic form of three branches arising from
the celiac trunk. The right gastric artery arose from the
proper hepatic artery. The left hepatic artery divided from
the proper hepatic artery. Amongst these patients, there
were 4 cases with combined left and right lobe hepatic
tumors. Each TAE procedure was done using the superselective or selective principle (Figure 1A and B) with slow
steady injection under fluoroscopic monitoring. Placement
of the catheter was into the branches or the main trunk of
the right hepatic artery (8 cases) or the left hepatic artery
(4 cases). The observation reports are as follows: (1) two
cases were completed using a non-ideal method, the subselective principle, where injection was made into the distal
portion of the proper hepatic artery. Post-TAE angiographic
injections of the above cases showed no diminished blood
flow of the original, visible, right and left gastric arteries;

Figure 1 Some of our TAEs were superselective as close as by using
microcatheter to approach as close as possible to the tumor vessel
(A) and finished the embolization (B).

DISCUSSION
Technical analysis
Three patients did not receive TAE under ideal standard
conditions. Of these three, 2 were in group 1 and 1 in
group 4. All of them were associated with higher risk for
gastroduodenal complications because of the imperfect
technique that was used. A 2, comparing these 3 to the
other 12 cases, which had involved the use of the selective
or super-selective TAE techniques, indicated that there
was no statistically significant difference in the outcomes
(P = 0.16; Table 2).
Table 2 P value between the number of cases of nonsuperselective/
nonselective and superselective/selective is >0.05. There is no significant difference
Technique
Case number

Non-superselective/
nonselective TAE
3

Super-selectiveor selective TAE
12

P
0.16 (>0.05)
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Anatomic analysis (Figure 2)[7]
Usually, celiac trunk (A) gives rise to the common hepatic
artery (B) and continue with proper hepatic artery (D),
following the origin of the gastroduodenal artery (C). This
artery is usually short and divides into the right (F), left (E)
and, occasionally middle hepatic arteries. In others, one or
more of the hepatic artery branches have a partially or
totally displaced origin. The proper hepatic artery also
frequently gives rise to the right gastric artery (H). Rarely,
the origin of the entire hepatic blood supply is displaced to
the superior mesenteric artery.

F

E
D
HB A

G

C

Figure 2 Description above.

The right gastric artery is not always visible at angiography
unless it is providing a collateral blood supply to the left
gastric artery[6]. It is a small vessel that arises from the proper
hepatic artery shortly after the origin of the gastroduodenal
artery (C). It may also arise from the proximal left hepatic
artery, especially when the right hepatic circulation is
displaced to the superior mesenteric artery. The right gastric
arteries are mostly anastomoses with the posterior branches
of the left gastric artery (G). They mainly supply the pylorus
and distal posterior surface of the stomach.
Tsuchigame and Takahashi[1] suggested that post-TAE
gastric lesions are basically due to the backflow of the
embolic materials into the gastric artery and the consequent
decrease in gastric mucosal blood flow may complicate gastric
erosion or ulceration. According to their study, the incidence
of post-TAE gastric complication is about 9%.
Nakamura and Hashimoto also discussed post-TAE
gastric complications[8]. They concluded that some anatomic
variations - such as, the right gastric artery branches distally
from the proper artery or its branch, or the accessory left
gastric artery arises from the left hepatic artery - are the
ones that are most likely to be associated with a high incidence
of post-TAE gastric lesion.
Amongst the 15 cases of post-TAE gastroduodenal
lesions, none showed complications in the gastric fundus
and cardia region, suggesting a lesser association of
complications with the left gastric artery. A high incidence
of lesions was found at the antrum and prepylorus, which
may reflect a greater association with the right gastric artery
embolization[9,10].
However, these differences in the incidence of postTAE complication and the gastroduodenal locations were
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not significant (Table 1).
According to our retrospective study of angiographic
findings, only the two cases involving subselective proper
hepatic artery embolization in Group 1 appear to complicate
non-observable gel-foam[11] reflux into the right gastric
artery. On the other hand, the post-TAE consequence of
gastroduodenal complications in Group 4 is unavoidable
due to the unusual anatomic situation.
Angiographic reviews of Groups 2 and 3 appeared to
involve the technical skills and safety factors during the
embolization procedures and were proved by post-TAE
angiographic views of the normal right gastric artery.
From January of 2000 to December of 2003, we
improved our TAE procedure by incorporating segmental
or sub-segmental embolizations. We strictly obeyed the
principle of selective or superselective procedures during
the embolizations. We achieved a rather low incidence
(5.3%) of post-TAE gastroduodenal complications, which
compared favorably to the 9% rate we found for published
reports. In these reports, 3 of 280 cases (-1%) could be
explained by non-ideal technical skills and anatomic factors,
but 12 cases (4.3%) could not be explained.
Our findings indicate that there is no significant correlation
between gastroduodenal complications[12] and our imperfect
technical embolization procedures (Table 2).
However, there still remain gastroduodenal complications[13]
(4.3%), beyond those attributable to anatomic factors[14] and
technical skills[6].
Stress ulcer is one other possible etiology. There are at
least five types of stress ulcers[15] causing disturbances in
the stomach and intestines. The pathogenesis of stressinduced lesions is probably multifactorial. We deduce that
post-TAE pain sensation may be one stress-inducing factor.
During stressful events[16], normal protective mechanisms
are altered, including epithelial turnover in the gastric mucosa
and secretion of mucus and bicarbonate. These events,
combined with the release of various mediators (e.g., arachidonic
acid metabolites, cytokines, oxygen-free radicals), result in
erosions that may progress to ulceration and bleeding[15,16].
Reductions in mucosal blood flow may also be important
in ulcer formation. Alterations in blood flow at the
microcirculatory level may initiate changes that result in
erosions that can progress to ulceration and bleeding.
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Abstract
AIM: To present our experience of laparoscopic Heller
stretching myotomy followed by His angle reconstruction
as surgical approach to esophageal achalasia.
METHODS: Thirty-two patients underwent laparoscopic
Heller myotomy; an anterior partial fundoplication in 17,
and angle of His reconstruction in 15 cases represented
the antireflux procedure of choice.
RESULTS: There were no morbidity and mortality
recorded in both anterior funduplication and angle of His
reconstruction groups. No differences were detected in
terms of recurrent dysphagia, p.o. reflux or medical
therapy.
CONCLUSION: To reduce the incidence of recurrent
achalasia after laparoscopic Heller myotomy, we believe
that His’ angle reconstruction is a safe and effective
alternative to the anterior fundoplication.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Achalasia; Gastroesophageal reflux; Laparoscopic
Heller myotomy
Ramacciato G, D’Angelo FA, Aurello P, Del Gaudio M, Varotti
G, Mercantini P, Bellagamba R, Ercolani G. Laparoscopic Heller
myotomy with or without partial fundoplication: A matter
of debate. World J Gastroenterol 2005; 11(10): 1558-1561

http://www.wjgnet.com/1007-9327/11/1558.asp

INTRODUCTION
Achalasia is a rare esophageal disease characterized by
incomplete and uncoordinated relaxation of the lower
esophageal sphincter associated with aperistaltic esophagus.[1,2]

This condition causes typical symptoms of dysphagia and
regurgitation, heartburn, postprandial chest pain, malnutrition
and aspiration, all leading to a poor quality of life. [3]
Treatment is directed to reduce the resting pressure of the
lower esophageal sphincter which can be achieved in
different ways: 1 pharmacologically, with the use of calcium
channel blockers; 2 endoscopically, by means of balloon
dilatation or botulinum toxin injection; 3 surgically,
performing an esophageal myotomy[4].
Extramucosal myotomy was first described by Heller in
1913, who performed two complete myotomies on opposite
sides of the esophagus with an open access. Later in 1923,
Zaaijer restricted this procedure to a single anterior myotomy.
However, surgical section of the muscular layers of the
lower esophageal sphincter normally exposes the esophageal
mucosa to gastroesophageal reflux, thus requiring an
antireflux procedure[5].
Since 1991, thoracoscopic and laparoscopic approaches
to Heller myotomy have shown equal efficacy compared
to open procedure, eventually making the laparoscopic
Heller myotomy followed by an antireflux procedure, the
treatment of choice for achalasia. [6] Since several authors
have eventually reported some lack of success of this
procedure in terms of recurrent achalasia[7,8], which required
additional endoscopic or surgical maneuvers, the selective
application of different antireflux procedures started to be
put in place[9-13].
Aim of this study is to present our experience of
laparoscopic Heller stretching myotomy followed by His
angle reconstruction, as surgical approach to esophageal
achalasia.

MATERIALS AND METHODS
After a cumulative experience of more than 75 patients
treated over a 20-year period with either open Heller-Nissen
or Heller-Beltsey fundoplication MKIV and a previous
series of 16 cases treated with thoracoscopic Heller
Myotomy,[14] a total of 32 patients between 1997 and 2004
u nderwent Laparoscopic Heller Myotomy at the
Department of Surgery “P. Valdoni” of the University of
Rome “La Sapienza”. In 17 patients an anterior partial
fundoplication was associated to the myotomy (Heller - Dor,
HD), whereas in 15 cases the angle of His reconstruction
(Heller - His, HH) was the chosen antireflux procedure.
Pre-operative work-up consisted of patient’s clinical
history, barium swallow, upper GI endoscopy, and esophageal
Ph-manometry. There were 16 males and 16 females with
a mean age of 42.0 (range 14-77) and the mean symptoms
-duration was 73.4 mo. The disease was graded according
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to esophageal diameter: stage I (<4 cm): 1 patient, stage II
(4-6 cm): 22 patients, stage III (>6 cm) : 9 patients; median
LES pressure was 32.8 mmHg (mean 32.8±5.9 mmHg ).
Esophageal peristalsis was absent in all patients. None of
them had undergone previous abdominal surgery.
Surgical technique: five trocars are required as previously
described. [14] After incision of the phrenoesophageal
ligament, the dissection is performed selectively over the
anterior aspect of the esophagus and the superior part of
the diaphragmatic crura. The anterior vagus nerve is
identified and its branches preserved. The short gastric
vessels are not divided and the esophagus is not encircled,
in order to preserve the anatomical attachments of the
cardia. The esophageal dissection is prolonged into the
mediastinum, 6-8 cm above the gastroesophageal junction
(GEJ). The esophagomyotomy is then extended proximally
to the GEJ for about 6 cm and distally for 2 cm below the
cardia on the gastric wall. We found advantageous and safe
performing the myotomy by stretching and tearing the
circular muscle fibers with two laparoscopic graspers directed
in opposite direction. Once the submucosal plane is reached,
the muscular layer is separated bluntly from the submucosa
and the stretching myotomy is easily extended proximally
and distally. Bleeding from the esophageal musculature is
minimal and no attempt is made to diathermy the bleeding.
All surgical maneuvers are performed, with the esophagoscope
placed in the esophagus, in order to assess the completeness
of the myotomy and ensure mucosal integrity.
After completion of the myotomy once the partial
anterior fundoplication has been performed, the anterior
wall of the gastric fundus is sutured first to the left, then to
the right muscular edges of the myotomy with three
interrupted stitches for each side in H-D series (17 cases).
The proximal suture of the right side also includes the
superior part of the right crus. In 15 patients, we only
reconstruct the angle of His, (H-H) tying two or three
interrupted stitches between the gastric fundus and the left
wall of the esophagus.
A barium swallow is routinely performed post-operatively
on D1 to confirm mucosal integrity before starting oral
fluid intake. Patients were discharged as soon as comfortable
and when a soft diet was tolerated, usually on D2 or 3.
Patients were evaluated clinically at 1, 6, 12 mo after
surgery, in order to assess recurrent achalasia or heartburn.
This was achieved by handing out a standard validated
questionnaire. Endoscopy and esophageal pH-manometry
were carried out when indicated. All the patients received
Proton-Pump-Inhibitors (PPI) medication in the perioperative
period and for the first months after surgery.
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identified at the time of surgery by intraoperative endoscopy
and repaired laparoscopically with the anterior partial
fundoplication protecting the suture. Mean operative time
was 150 min (range 60-192 min). Mean blood -loss was less
than 50 mL. No p.o. morbidity and mortality were recorded.
Post-operative mean hospital stay was 2.0±1.0 d. Occasional
dysphagia and regurgitation were reported in 1 patient.
Post-operative heartburn occurred in 1 patient, who was
successfully treated with medical therapy. Barium swallow
examination showed a decrease in mean esophageal diameter
from 54.5±5.7 to 27.1±3.3 mm (P = 0.0001).
Among HH patients no esophageal perforation were
identified at the time of surgery. Mean operative time was
130 min (range 60-145 min) and mean blood -loss was less
than 50 mL. Neither p.o. morbidity nor mortality was
recorded. Post-operative hospital stay was 2.0±1.0 d. No p.o.
dysphagia has been noticed. Post-operative occasional
heartburn occurred in 3 cases, although only 1 required
medical treatment.
Barium swallow examination showed a decrease in
mean esophageal diameter from 55.3±5.1 to 28.5±2.9 mm
(P = 0.0001).
When comparing p.o. dysphagia rates between HD vs
HH group, no significant differences (P = 1.0) (Table 1)
were found.
Post-operative gastroesophageal reflux following HD
and HH occurred in 1 and 3 patients respectively, P = 0.30
(Table 2), only one patient submitted to HH operation
required continuous medical treatment P = 0.45 (Table 3).

Table 1 Dysphagia after Heller-Dor vs Heller-His operation

Heller-Dor

Dysphagia
Yes
patients (n)

%

1

5.9

Heller-His

No
patients (n)
16
15

%
94.1
100

Total
patients (n)
17
15
32

P = 1.0.

Table 2 Gastroesophageal reflux Heller-Dor vs Heller-His operation
Reflux
Yes
patients (n)

%

Heller-Dor

1

5.9

16

94.1

17

Heller-His

3

20

12

80

15

No
patients (n)

%

Total
patients (n)

32
P = 0.30.

Statistical analysis
statistical package was used to generate frequency
distribution for demographic variables. The Fisher- exact
test for comparison of patient subgroups for categorical
variable was used. Results are expressed as mean±SD and
median. Differences were considered significant at P<0.05.
SPSS

Table 3 Chronic PPI Therapy after Heller-Dor vs Heller-His operation
PPI Medical
Yes
patients (n)
Heller-Dor
Heller-His

RESULTS
Among HD patients there was 1 esophageal perforation

P = 0.45.

1

Therapy
%
6.6

No
patients (n)
17
14

%
100
93.4

Total
patients (n)
17
15
32
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DISCUSSION
Heller myotomy is the most effective treatment of dysphagia
due to achalasia, and the laparoscopic approach allows
extending the myotomy well below the GEJ. Some aspects
of this procedure, however, have yet to be defined. Firstly,
there is no agreement about how much the myotomy
should be extended in order to be effective. Secondly, it
is still not clear to what extent the myotomy causes
gastroesophageal reflux. Another unresolved issue is the need
to add an antireflux procedure to the myotomy and what
type of procedure should be performed. Finally, there is
still debate about the incidence of recurrent achalasia
following the antireflux procedure, and what are the reasons
for this. Topart, in 1992, reported an incidence of 30% of
redo-surgery for recurrent dysphagia following Heller
myotomy associated with Nissen fundoplication[12].
Oelschlager et al [8] recently reported recurrence of
dysphagia up to 17.3% in patients treated with myotomies
extended for 1.5 cm or less below the GEJ, and only of
3.4% when extended for 3 cm below this mark.
Shiino et al reported severe dysphagia after myotomy in
16% of patients, requiring either surgical or endoscopic
treatment. The myotomy was extended for 2 cm below the
GEJ and an antireflux procedure was perfor med [15].
Zaninotto et al reported an incidence of recurrent dysphagia
of 8.8% after laparoscopic Heller myotomy followed by
anterior partial fundoplication (Dor). According to the
authors, this was due to either an incomplete section of the
muscle fibers or to the fibrotic scar of the myotomy edges[13].
The hypothesis that scarring between the fundoplication and
esophageal mucosa in the anterior wrap may account for the
poorer result after Dor procedure is also argued by Lyass[11].
Oelschlager compared Dor vs Toupet fundoplication
following Heller myotomy reporting an incidence of recurrent
achalasia of 17.3% and 3.4%, respectively (P = 0.001). [8]
This could be due to the fact, that covering the myotomy
site with the Dor fundoplication could lead to adhesions
formation between the two surfaces and provoke recurrent
achalasia;[13] the Toupet fundoplication keeps the myotomy
edges apart by keeping fixed the fundus to each side thus
reducing the risk of fibrosis.[8] Toupet fundoplication also
requires dissection of the posterior esophageal attachments
and the section of some of the short gastric vessels, which
could reduce the GEJ competence with subsequent p.o.
reflux. However, there are cases in which a partial
fundoplication may be beneficial. In patients with hiatal
hernia, fundoplication may prevent stomach herniation.
When an unnoticed mucosal perforation occurs during
myotomy, a partial fundoplication may be used to cover
the repair.[6] Clearly neither of the two approaches (Toupet
or Dor fundoplication) resulted in a completely competent
cardia and normal acid exposure[5,8,11].
On the other hand Raiss reported a 2% incidence of
recurrent achalasia after laparotomic Heller myotomy
without fundoplication. [16] Lyass, in a review of literature
from 1991 to 2001, analyzed persistent dysphagia and p.o.
gastroesophageal reflux after laparoscopic Heller myotomy
associated or not to antireflux procedures.[11] In this paper,
an incidence of abnormal esophageal pH-manometry is
reported in 35-36% of patients who underwent trans-
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abdominal open Heller myotomy without fundoplication
and 10-16% of patients who had a partial fundoplication.
In the presented laparoscopic series, the rate of abnormal
pH-manometry findings in the antireflux vs no antireflux
procedures groups were 10% and 7.9%, respectively.[11] This
may be explained by the different technical aspects of the
procedures. The extent of esophageal dissection performed
in open surgery may be more disruptive. The angle of His,
a natural barrier to reflux, is often destroyed by the extensive
dissection performed in open surgery. The laparoscopic
approach is less traumatic to this area and more often
preserves this angle. Also, the length of the myotomy may
be shorter, especially on the gastric side.[11] Bloomston et al
compared the results of laparoscopic Heller myotomy with
or without concomitant fundoplication (Dor). The dysphagia
rate was of 14% among patients who underwent myotomy
alone compared to 26% of patients received concomitant
Dor fundoplication. The incidence of anti-acid treatment
required post-operatively in the two groups were 13% vs
10%, respectively (data non statiscally significant) [1,11]
Diener et al and Douard reported 10% incidence of p.o.
dysphagia[17,18], and Ackroyd et al[3] 13%. The incidence of
p.o. dysphagia reported in literature varies between 17.3%
and 30% after short myotomy compared to 3.4-16% after
long myotomy[15,19,20]. Kumar et al reported a 6% incidence
of endoscopic proved esophagitis after laparoscopic
cardiomyotomy using the Dundee technique which limits the
mobilization to the anterior wall of the abdominal and thoracic
esophagus, stating that the routine addition of an anti-reflux
operation is not justified in patients undergoing laparoscopic
cardiomyotomy, provided that the lateral and posterior
attachment of the esophagus are kept intact[21].
In striving to reduce the incidence of recurrent achalasia
after Heller myotomy, we decided not to perform any type
fundoplication over the raw mucosal surface. Furthermore,
we did not dissect the posterior aspect of the esophagus as
the Toupet fundoplication requires, in order to reduce the
surgical modifications of the posterior elements of fixation
of the GEJ. To control the gastroesophageal reflux, we
decided to reconstruct the angle of His forcing the
gastroesophageal gas valve mechanism described by Hill.[22]
Our technique requires the suture of the right side of the
gastric dome to the adjacent left side of the esophageal
myotomy with three interrupted, non absorbable stitches.
In our series, we performed a 2 cm extended myotomy on
the gastric side and we recorded only 1 case of p.o.
occasional dysphagia (1/32) 3.1%, which was in the HD
group (1/17, 5.8%). No recurrence of dysphagia was
recorded among HH patients. Among the 3 patients who
experience occasional episodes of p.o. heartburn, only 1
required medical therapy (PPI) to control the reflux. The
association of a Dor antireflux procedure was necessarily
performed in a case where a mucosal perforation was
noticed at the time of surgery, whereas a different antireflux
procedure could be chosen if the mucosal layer resulted
intact after completion of the myotomy. [11,20] Decker
reported 17% p.o. dysphagia after myotomy and partial
posterior or anterior fundoplication and 7% of mucosal
perforation[2]. Luketich and co-workers reported an overall
incidence of 9.6% of intraoperative mucosal perforation

Ramacciato G et al. Laparoscopic Heller myotomy with or without partial fundoplication

despite the use epinephrine injection to lift up the muscular
layers and recurrent dysphagia rate of 12.9%, with 4.8%
of redo myotomy[7].
Mucosal tear rates vary from author to author: Luketich[7]
reported a rate of 9.6%, Bloomston[1] of 6%, Decker[2] 5.4%,
Donahue[20] 13.5%, Diener[18] 5%, Ackroyd[3] 12%, Raiss[16]
4%. In our personal experience, intra-operative mucosal
perforation decreased from 12.5% (thoracoscopic approach)
to 5.9% (laparoscopic approach)[14] . In the present series
mucosal tearing occurred in 3.1%. Even if the laparoscopic
approach offers better exposure of the GEJ injuries to the
mucosa still occur especially when extending the myotomy
on the gastric side, where the plane between the submucosa
and the muscle layer is less evident and bleeding is more
profuse [13]. In order to reduce incidence of mucosal
perforation we performed the myotomy by stretching and
tearing the circular muscle fibers with two laparoscopic
graspers directed in opposite directions, with no attempt to
diathermy small bleeding or to perform the myotomy with
monopolar hook or ultrasonic shears. Diathermy and
division of circular muscle fibers with these instruments
may increase the risk of intra-operative or delayed mucosal
perforation. Since the use of this stretching technique, the
incidence of mucosal perforation has decreased from
12.5% to 3.1% (1/32). Although mucosal tearing could
not be completely abolished after stretching myotomy,
3.1% rate appears to be one of the lowest reported, even
less than the one reported after open Heller procedure.[16]
Further improvement could be achieved in the future using
robot-assisted laparoscopic cardiomyotomy as suggested by
Shah et al, with the possibility of scaling down of movements
allowing to be carry out the myotomy with greater precision,
eliminating the surgeon’s natural tremor too.
In conclusion, recurrent achalasia seems to be the major
problem after laparoscopic Heller myotomy. In striving to
reduce the incidence of this complication, we decided not
to perform any type of fundoplication, in order to avoid
adhesions formation and scarring between the row mucosal
surface of the esophagus and the overlapped gastric wall.
Our antireflux procedure consisted in suturing the right
side of the gastric fundus to the left side of the esophageal
myotomy, stressing the His’ angle flap valve. In this subgroup,
no cases of recurrent achalasia were recorded, although
when comparing the HH and HD groups no significant
differences could be detected in respect to this issue. Before
deciding not to perform an anterior fundoplication it is
essential to rule out esophageal mucosa perforation at the time
of surgery. In our experience, laparoscopic stretching myotomy
is associated with a total incidence of mucosal perforation
of 3.1% compared to 13.5-4% reported in literature.
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Abstract
AIM: To evaluate the expression pattern of two novel
oncofetal antigens, the HoxD9 and Pbx1 homeoproteins
in esophageal squamous cell carcinomas (ESCCs) to
determine what role they would play in the carcinogenesis
of ESCC.
METHODS: We obtained tissue samples of ESCC from
56 patients who underwent esophagectomy but not
preoperative chemotherapy or radiotherapy. The
diagnosis of ESCC was established and confirmed by staff
pathologists. We used a highly sensitive, indirect,
immunocytochemical method to detect HoxD9 and PbX1
proteins. We qualitatively and quantitively evaluated cells
that exhibited and staining using a light microscope.
RESULTS: In all observed carcinoma tissue samples, more
than 60% of neoplastic cells stained lightly or strongly for
HoxD9, and more than 50% of neoplastic cells stained
lightly or strongly for Pbx1.
CONCLUSION: Our data suggest that HoxD9 and Pbx1
are inappropriately expressed in most human esophageal
squamous cell carcinoma. Understanding the role of Hox
genes in esophageal epithelial cell carcinogenesis may
not only augment early detection but also offer new
avenues for treatment of this disease.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of the
most common fatal cancers worldwide, and the highest rates
of esophageal cancer in the world occur in north-central
China. Although tremendous advances in diagnosis and
treatment have been achieved recently, esophageal cancer
is still one of the most lethal malignancies mainly because
of its later discovery. However, many cases of esophageal
carcinoma could be cured and even prevented if there were
better screening methods to uncover the disease when it is
limited and most responsive to intervention. A possibility is
to screen patients for the expression of various regulatory
genes. The etiology of esophageal cancer has been partially
elucidated using recently devised molecular biological
techniques. The homeobox (Hox) genes are a family of
regulatory genes that contain a common 183-nucleotide
sequ ence and code for specific nuclear proteins
(homeoproteins) that act as transcription factors. In addition
to their roles in axial patterning during embryonic
development[1-4], Hox genes help control the normal cellular
proliferation and differentiation of several adult tissues[5-7]
and the proliferation and oncogenic transformation in some
neoplasms and cancers[8-11].
HoxD9 is the member of Abd-B related HoxD genes
located closest to the 3’ end of the chromosome. It is involved
in the development and patterning of the forelimb and axial
skeleton[12] . HoxD9 gene is also known to be a potential
transcription factor that not only autoregulates itself but
also transactivates other Hox genes and certain members
of other gene families[13,14].
The Pbx1 proto-oncogene, another transcription factor,
was originally identified at the site of t(1;19) chromosomal
translocations in acute pre-B-cell leukemia. The Pbx1 gene
codes for two isoforms of the homeodomain (HD) DNAbinding motif[15,16]. Human pre-B-cell acute leukemias are
frequently associated with t(1:19)(q23; p13,3) chromosomal
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rearrangement, which creates a chimeric gene encoding a
fused E2a and Pbx1 proteins[17-20]. Aberrant E2a transcripts
lacking the helix-loop-helix DNA-binding motif have been
detected in several stable cell lines carrying the translocation[16].
Fusion cDNAs have been shown to encode an 85 KDa protein
composed of the N-terminal two-thirds transactivation
domain of the E2a protein fused to a homeoprotein termed
Pbx1 [16-18] . Thus Pbx1 is a class II Hox gene. Although
homeoprotein can bind to DNA as monomers, dimerization
with Pbx homeoproteins substantially increases the DNAbinding activity of these transcription factors[21].
We examined expression pattern of two novel oncofetal
antigens, the HoxD9 and Pbx1 homeoproteins in ESCC by
using a sensitive immunocytochemical method to evaluate
if they could be a screening tool for esophageal cancer.

MATERIALS AND METHODS
Tissue handling and storage
All 56 ESCC from patients whose tissues used in the
retrospective study were formalin-fixed, paraffin-embedded
archival specimens obtained from the pathology tissue banks.
The patients underwent esophagectomy at Peking University
School of Oncology, Beijing Cancer Hospital without
preoperative chemotherapy or radiotherapy. These tissues
were fixed in 10% formalin buffered with phosphate to
pH 7.4 and were then embedded in paraffin. The diagnosis
of ESCC was established and confir med by staff
pathologists in the Department of Pathology of Beijing
Cancer Hospital. This study was approved by the
Institutional Board for Clinical Research.
Antibodies
Anti-HoxD9 antibody (H-342; Santa Cruz Biotechnology,
Santa Cruz, CA) is a rabbit polyclonal antibody raised against
a recombinant protein corresponding to amino acids 1-342,
a sequence that represents full-length HoxD9 of human
origin. This antibody is recommended by the company for
detection of HoxD9, HoxC9, HoxA9 and HoxB9 of mouse,
rat, and human origin by Western blotting, immunoprecipitation, and immunohistochemistry. Anti-Pbx1 antibody
(P-20; Santa Cruz Biotechnology) is an affinity-purified rabbit
polyclonal antibody raised against a peptide mapped to the
amino terminus of Pbx1 of human origin. This antibody
reacts with Pbx1 of mouse, rat, and human origin as detected
by Western blotting and immunohistochemistry, and it does
not cross-react with Pbx2 or Pbx3.
Immunocytochemical antigen-detection technique
We used a highly sensitive, indirect four-step immunocytochemical method [22-26] in formalin-fixed, paraffinembedded ESCC tissue samples to detect HoxD9 and Pbx1
proteins. Briefly, the samples were deparaffinized by three
changes of xylene substitute for 20-30 min, and then
rehydrated using decreasing dilutions of alcohol (100%,
95%, 85%, 70%, and 50% to PBS). An initial blocking step
using 1% hydrogen peroxide was necessary to eliminate
endogenous alkaline phosphatase activity. A second blocking
step was conducted with purified goat serum for antigenic
epitopes and excess serum was removed from the area
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surrounding the sections. The tissue sections were incubated
with primary anti-HoxD9 or anti-Pbx1 antibodies for
90-120 min, and then with the secondary antibody for
20 min. Immunostaining of the antigen primary antibody
complex was performed using the avidin-biotin-peroxidase
complex with the LSAB kit, peroxidase (Dako, Kyoto, Japan)
to allow formation of a stable yellow-brown precipitate and
was followed by light hematoxylin counterstaining. Finally,
short- and long-term morphologic clearings were carried
out with two changes of xylene substitute.
As a control, some sections of each tissue sample were
not incubated with primary antibody. Other sections were
not treated with hydrogen peroxide so we could confirm
the presence of endogenous alkaline phosphatase activity.
Tissue evaluation
Qualitative and quantitative evaluation of the percentage
of antigen-positive cells as determined by their yellow-brown
color and intensity of staining were conducted using a light
microscope (Olympus, Kyoto, Japan). For each section, we
counted 100-200 cells each from five distinct areas in nonnecrotic, non-hemorrhagic ESCC tissues. Artifacts were
avoided, and areas with morphologic characteristics of
interest were identified. The intensity of staining was
characterized as very intense, strong, light, or negative[22] .
We calculated the percentage of cells that exhibited any
staining[22] . (++++) indicates that >90% of the total cell
number are positive; (+++) indicates that 51-90% of the
total cell number are positive; (++) indicates 11-50% of
the total cell number are positive; (+) indicates 1-10% of
the total cell number are positive; (–) are negative.

RESULTS
HoxD9 and Pbx1 were both observed in the nuclei and
cytoplasm of the ESCC cells (Figure 1A). In all sections,
more than 60% of neoplastic cells lightly or strongly stained
for HoxD9. More than 50% of neoplastic cells also stained
lightly or strongly for Pbx1 (Figure 1B).
DISCUSSION
The presence of HoxD9 and Pbx1 demonstrated the reexpression of these transcriptional regulators of oncogenesis
and histogenesis after neoplastic transformation of
esophageal epithelium and its cellular differentiation. Bodey
and his colleagues established the expression pattern of three
homeoproteins (Hox-B3, -B4, and -C6) in human lung
carcinoma[23], osteosarcoma[24] , breast carcinoma[25] , and
childhood medulloblastoma [26] tissues. Using the same
immunocytochemical technique we did two Hox gene
products in human ESCC cells. Thus re-expression of Hox
gene products occurs in a wide variety of neoplastically
transformed cells, and homeoproteins appear to be a family
of oncofetal antigens involved in both normal cellular
development and in cellular carcinogenesis and tumor
progression.
Genes that have been shown to be controlled by
homeoproteins encode adhesion molecules, transcription
factors (in particular the Hox genes themselves), and growth
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Figure 1 Tissue sections of human ESCC. A: Strongly staining for HoxD9 can be seen in the nuclei and cytoplasm of the ESCC cells (×400); B:
Strongly staining for Pbx1 can be seen in the nuclei and cytoplasm of the ESCC cells (×400).

factors. At present, the putative targets of HoxD9 include
other members of the Hox family and adhesion molecules,
such as the liver cell adhesion molecule[13,14]. At least one
Hox gene, HoxB7, has been shown to activate basic fibroblast
growth factor (bFGF) transcription in melanomas by binding
to the promoter of bFGF gene[27]. Moreover, transduction
of the breast carcinoma cell line with the HoxB7 gene induces
bFGF expression and increases cell proliferation of
teratocarcinoma cells[28]. Whether HoxD9 directly affects
the regulation of bFGF and c-Fos, important factors for
cell proliferation and transformation is uncertain and needs
further investigation. However, bFGF and c-Fos were found
to be up-regulated in HoxD9 transfected synoviocytes.
HoxD9 appears to play a role in bFGF-induced proliferation,
but not so much so in the tumor necrosis factor pathway[29].
Pbx proteins comprise a functionally and biochemically
distinct subclass of homeoproteins. A similar role for Pbx
is indicated by this protein’s potential involvement in a highly
conserved autoregulatory loop that controls HoxB1
expression in the mouse hindbrain[30]. Pbx1 was discovered
as a fusion with the E2a gene after chromosomal
translocations in a subset of acute leukemias. The resulting
E2a-Pbx1 chimeric proteins display potent oncogenic
properties that appear to require dimerization with Hox
DNA-binding partners. E2a-Pbx1 heterodimerizes with Hox
but not with MEIS proteins (members of the TALE family
of homeoproteins), produces acute myeloid leukemia in
mice, and blocks differentiation of cultured murine myeloid
progenitors. Calvo et al [31] reported that a 25-residue
predicted alpha-helix preceding the Pbx1 HD bound this
HD and prevented both its binding to DNA and its ability
to heterodimerize with Hox proteins. Addition of 39
residues at the N terminus to this inhibitory helix revealed
a Pbx dimerization interface that orchestrated cooperative
DNA-binding of E2a-Pbx1 and exposed all Pbx proteins
as homodimers and heterodimers. Sequences inhibiting
DNA-binding and mediating Pbx dimerization coincided
with those reported to have nuclear export function. An
additional 103 residues at the N terminus side of the Pbx
dimerization interface restored heterodimerization with Hox
and MEIS1 proteins. This negative switch domain comprising
of the inhibitory helix and N-terminal regions required for
its partner-mediated derepression was dispensable to myeloid
immortalization by E2a-Pbx1. Although the heterodimer

was stabilized, the 310 helix C terminus to the Pbx1 HD
was also dispensable to E2a-Pbx1’s ability to heterodimerize
with Hox proteins and immortalize myeloblasts. Retention
of myeloid immortalization by E2a-Pbx1 proteins lacking
all Pbx1 sequences for the N or C terminus to the HD
indicates that Hox proteins cooperate with E2a-Pbx1 in
myeloid immortalization[31].
The DNA-binding affinity and specificity of homeoproteins
is augmented by cofactor interactions. Hox cofactors in
mammals include Pbx[32] and MEIS [33]. Pbx proteins bind
DNA cooperatively as heterodimers with MEIS family
members and also with homeoproteins from paralog groups
1 to 10. MEIS proteins cooperatively bind DNA with the
Abd-B class of homeoproteins groups 9 and 10. The most
important aspects of this binding are that most of the Pbx
N terminus to the HD is required for efficient cooperative
binding with HoxD4 and HoxD9; MEIS and Pbx proteins
form higher-order complexes on a heterodimeric binding
site; MEIS forms a similar trimer with DNA-bound PbxHoxD9; and an additional trimer class involving non-DNAbound Pbx and DNA-bound MEIS-HoxD9 or MEIS-HoxD10
heterodimers is enhanced by mutation of the Pbx HD[34]. These
findings suggest novel functions for Pbx and MEIS in
modulating the function of DNA-bound MEIS-Hox and
Pbx-Hox heterodimers, respectively.
Retinoic acid induces expression of genes encoding the
Hox family of transcription factors, whose differential
expression orchestrates developmental programs specifying
anterior-posterior structures during embryogenesis, thereby
possibly inducing various effects on Hox gene expression
based on the subset organization of its receptors [35].
Homeoproteins bind DNA as monomers and Pbx proteins
as heterodimers. Retinoic acid up-regulated Pbx expression
coincident with transcriptional activation of Hox genes in
P19 embryonal carcinoma cells undergoing neuronal
differentiation. However, in contrast to Hox induction, Pbx
up-regulation was predominantly a result of posttranscriptional mechanisms. Pbx1, as well as its highly related
family members Pbx2 and Pbx3, exhibited different profiles
of up-regulation, suggesting possible functional divergence[35].
The parallel up-regulation of Pbx and Hox proteins in this
model suggests an important role for transcriptional control
by Pbx-Hox heterodimers during neurogenesis and provide
evidence of precise control by retinoic acid[36].
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The function of homeoproteins may be modulated by
various secreted factors, such as growth factors, cytokines,
and hormones. The involvement of HoxD9 in the regulation
of cellular growth might be mediated, at least in part, by
up-regulation of growth factors such as bFGF and c-Fos
or might result from increased transcription activity by its
regulators[34]. The expression of HoxC6 in osteosarcomas
and neuroblastomas is differentially regulated by rhBMP-2,
tumor growth factor-beta, and activin-A, which suggests
that specific Hox genes may be target genes for tumor
growth factor-beta superfamily members and may represent
a way in which growth factors exert their immense effects
on development and carcinogenesis[37].
Many adjuvant therapies and surgical procedures have
been examined to improve survival among patients with
esophageal cancer. Surgical resection rates have improved
strikingly, and operative mortality has decreased markedly.
However, the curative potential of surgery is likely highest
when the disease is detected while it is still in early stage.
Our data suggest that two Hox genes, HoxD9 and Pbx1,
are inappropriately expressed in most ESCCs. The exact
mechanisms that regulate the re-expression of these
oncofetal antigens in ESCC, as well as other solid tumors,
should be elucidated through further basic research.
Understanding the role of Hox genes in esophageal epithelial
cell carcinogenesis may not only increase early detection
but also offer new avenues of treatment for this disease.
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Abstract
A 21-year-old woman with complaints of hematochezia
was diagnosed as having Cowden’s disease (CD), an
autosomal dominant condition characterized by multiple
hamartomas, since facial papules and gingival papillomas
were identified. On endoscopy, multiple hyperplastic
polyps were seen in the rectum and left-side colon. There
were also esophageal glycogenic acanthosis and hyperplastic
polyposis in the antrum accompanied by Helicobacter pylorirelated gastritis. Although gastric hyperplastic polyposis
had by no means regressed with unsuccessful first-line
eradication therapy for H pylori, following cure of the
infection with salvage therapy consisting of rabeprazole,
amoxicillin and metronidazole, the polyposis lesions almost
disappeared. Follow-up gastroscopy 2 and 3 years after
cessation of the second-line eradication therapy revealed
almost complete regression of the polyposis lesions with
no evidence of H pylori infection. We recommend
eradication treatment for CD patients with gastric
hyperplastic polyps and the infection, as the occurrence
of gastric carcinoma among hyperplastic polyps has been
described.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cowden’s disease (CD) is a rare autosomally dominant
inherited cancer predisposition syndrome characterized by
multiple hamartomas involving various organ systems
derived from all three germ cell layers[1] . Pathognomonic
mucocutaneous features include facial papules that are
especially prominent around the nasal labial folds and
perioral area; acral keratoses of the palms and soles; and
mucous papillomas[1,2]. Alimentary tract abnormalities found
in CD primarily appear as multiple polyps of various
histopathologic features including hamartomatous,
hyperplastic, inflammatory, juvenile, lymphomatous and
adenomatous polyps[3-6] . Hyperplastic polyp is the most
common gastric polyp seen in CD[6].
Although hyperplastic polyp itself is non-neoplastic, the
risk of dysplastic changes and/or carcinomatous conversion
is now recognized[7]. Patients with gastric polyps may present
with bleeding, abdominal pain or gastric outlet obstruction[8].
Therefore, most clinicians agree that the large gastric polyps
or polyps associated with complications should be removed
endoscopically or surgically[9]. Recently, the strong relationship
between gastric hyperplastic polyp and Helicobacter pylori
(H pylori) infection has been demonstrated[10-13]. Ohkusa et al
[10]
reported that most hyperplastic polyps disappeared after
cure of the infection. Eradication of H pylori may, therefore,
be a therapeutic option for hyperplastic polyps occurring in
association with H pylori gastritis[10-12]. Herein, we describe a
patient with CD in whom hyperplastic gastric polyposis with
concomitant H pylori infection almost disappeared following
successful eradication.
CASE REPORT
A 21-year-old Japanese woman presented with hematochezia
of 2-wk duration. The past and family histories were
unremarkable. Laboratory tests were normal except for
positive fecal occult blood. On physical examination with
dermatological consultation, multiple facial papules and
gingival papillomas were identified. Thus, a definite diagnosis
of CD was made, fulfilling the two major clinical criteria[14].
However, no abnormalities involving the thyroid, breast,
skeleton and genitourinary tract were found. Upper
gastrointestinal endoscopy revealed numerous sessile or
hemispheric polyps up to 5 mm in size within the antrum
(Figure 1). Biopsies obtained from the polyposis revealed
hyperplasia of foveolar epithelium, along with neutrophil
and mononuclear cell infiltration, consistent with histological
characteristics of hyperplastic polyp[11]. In addition, multiple,
whitish, minute protrusions, which showed positive staining
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Figure 1 Endoscopy revealed numerous sessile polyps up to 5 mm
in size within the antrum.

with iodine, were observed throughout the esophagus.
Biopsies from these lesions showed glycogenic acanthosis.
Colonoscopy showed multiple, whitish, sessile polyps ranging
in size from 2 to 8 mm, which extended from the rectum
to the descending colon but exhibited a predilection for the
rectosigmoid area. These polyps were histopathologically
judged to be hyperplastic. Barium contrast study of the
small bowel and computed tomograms of the brain, neck,
chest, abdomen and pelvis showed no abnormalities.
H pylori infection was detected both in the antrum and
corpus by Giemsa staining and rapid urease test using
biopsy samples obtained during gastroscopy. The patient
was treated with a 1-wk course of triple therapy consisting
of lansoprazole 30 mg twice daily, amoxicillin 750 mg
twice daily and clarithromycin 200 mg twice daily, but
repeat gastroscopy 3 mo after commencement of the initial
treatment showed no regression or disappearance of the
gastric hyperplastic polyposis. Histopathological examination
of biopsy samples from the antrum and corpus showed
persistent infection by the same organism and chronic
active gastritis. The patient was subsequently treated with a
1-wk triple therapy consisting of rabeprazole 10 mg twice
daily, amoxicillin 750 mg twice daily and metronidazole
250 mg twice daily[15] . Four weeks after cessation of the
salvage treatment, the 13 C-urea breath test was negative.
Three months later, repeat gastroscopy showed substantial
decrease in size and number of the polyposis. A 2-year
follow-up gastroscopy revealed almost complete regression
of the lesions (Figure 2). H pylori infection was still negative
(urea breath test) at the last follow-up, 3 years after
commencement of the eradication treatment. However, the
morphology of esophageal and colonic lesions remains
unchanged.

DISCUSSION
Gastrointestinal involvement is common in CD [3-6].
Histopathologically different types of gastrointestinal polyps
have been observed frequently in patients with CD[3-6]. In
this regard, gastrointestinal hamartoma is considered as a
criterion in the extensive set of formal criteria required for
the diagnosis of CD proposed by International Cowden
Consortium[14]. In one series of 51 individuals of whom 20
had a gastrointestinal workup, 16 had gastrointestinal lesions
including 13 colonic polyps[16]. Typically, multiple polyps of
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Figure 2 Note the near disappearance of polyposis on repeat gastroscopy 2 years after the commencement of anti-Helicobacter pylori
second-line therapy.

the distal colon and rectum were seen with relative sparing
of the proximal colon [16]. Multiple small polyps in the
stomach and duodenum were also common[6,16]. Esophageal
glycogenic acanthosis is a distinct lesion of affected patients
with diffuse papillomatosis [3,17], as noted in our case.
Gastroenterologists should consider the diagnosis of CD in
any patient with such lesions in the digestive tract.
To date, there is little information on the association of
H pylori infection with gastric manifestations of CD. Lee et al
[18]
reported the first case of CD with gastric hamartomatous
polyposis accompanied by H pylori-related gastritis, albeit
antibiotic treatment for the infection was not applied. In
our patient, following cure of H pylori infection with salvage
therapy, polyposis lesions significantly regressed, although
polyposis had by no means regressed with unsuccessful firstline triple therapy. This relation provided further support
for recent studies indicating a close relationship between
hyperplastic polyp and persistent H pylori infection; cure of
the infection results in regression or disappearance of most
hyperplastic polyps[10,12,13].
One can speculate that the inflammatory cell infiltration
and acceleration of epithelial cell turnover induced by H pylori
infection contributes to the development and/or progression
of hyperplastic polyps[10,11]. Most CD patients have been
shown to carry germ line or somatic mutations of PTEN
(protein tyrosine phosphatase and tensin homolog), which is a tumor
suppressor gene located on chromosome 10q23[19,20]. This
lipid phosphatase activity of PTEN products plays a role in
the regulation of phosphoinositol 3-kinase and is relevant
in limiting cell cycle progression and promoting apoptosis
and thus suppressing cell cycle [2,4,19]. Therefore, in the
formation of gastric hyperplastic polyps of CD, such H
pylori-associated effect may facilitate the inherent tendency
of cell proliferation and tissue disorganization predisposed
by genetic alteration representative of PTEN mutation[2,4,19].
The risk that patients with hyperplastic polyps would
develop gastric carcinoma was reported to be as high as
3.6%[21]. Hyperplastic polyps develop in atrophic mucosa in
40-75% of cases[22], and it is possible that in many cases of
hyperplastic polyps, chronic atrophic gastritis, which is
mostly the consequence of H pylori infection, increases
the risk of developing gastric carcinoma[11,22,23]. In addition,
the incidence of malignant transformation of gastric
hyperplastic polyps is estimated at 1.5 to 3%[7] . In fact,

Isomoto H et al. H pylori, gastric hyperplastic polyposis and Cowden’s disease

gastric carcinoma in situ among hyperplastic polyps has been
described in a CD woman[24]. Therefore, we recommend
anti-H pylori eradication treatment for patients with CD
manifesting gastric hyperplastic polyps, when they present
with concomitant H pylori infection.
Once the diagnosis of CD is made, affected patients
have to be considered as high- risk patients for developing
malignancies[2,5]. The most common associated malignancies
are breast, thyroid and endometrial carcinomas [2,5]. A
life-long follow-up is necessary for this CD woman. Colonic
adenocarcinomas have been reported in patients with
CD [25], albeit their association with this disease at molecular
levels remains unclear. Therefore, the existing polyps should
be addressed by repeat endoscopic surveillance in the
present case.
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Notice

1
2
3
4
5
6
7
8
9
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11
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14
15
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17
18
19
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21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
AIM: To evaluate the effects of folic acid on epithelial
apoptosis and expression of Bcl-2 and p53 in the tissues
of premalignant gastric lesions.
METHODS: Thirty-eight patients, with premalignant gastric
lesions including 18 colonic-type intestinal metaplasia (IM)
and 20 mild or moderate dysplasia, were randomly divided
into a treatment group (n = 19) receiving folic acid 10 mg
thrice daily and a control group ( n = 19) receiving
sucralfate 1 000 mg thrice daily for 3 mo. All patients
underwent endoscopies and four biopsies were taken prior
to treatment and repeated after concluding therapy.
Folate concentrations in gastric mucosa were measured
with chemiluminescent enzyme immunoassay. Epithelial
apoptosis and the expression of Bcl-2 and p53 protein in
gastric mucosa were detected with flow cytometric assay.
RESULTS: The mean of folate concentration in gastric
mucosa was 9.03±3.37 g/g wet wt in the folic acid
treatment group, which was significantly higher than
6.83±3.02 g/g wet wt in the control group. Both the
epithelial apoptosis rate and the tumor suppressor p53
expression in gastric mucosa significantly increased after
folic acid treatment. In contrast, the expression of Bcl-2
oncogene protein decreased after folic acid therapy.
CONCLUSION: These data indicate that folic acid may
play an important role in the chemoprevention of gastric
carcinogenesis by enhancing gastric epithelial apoptosis
in the patients with premalignant lesions.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Folic acid; Bcl-2; p53; Premalignant gastric lesions

Cao DZ, Sun WH, Ou XL, Yu Q, Yu T, Zhang YZ, Wu ZY,
Xue QP, Cheng YL. Effects of folic acid on epithelial apoptosis
and expression of Bcl-2 and p53 in premalignant gastric lesions.
World J Gastroenterol 2005; 11(11): 1571-1576

http://www.wjgnet.com/1007-9327/11/1571.asp

INTRODUCTION
Gastric cancer is one of the most common malignant
diseases and remains the leading cause of cancer-related
deaths in China[1]. Epidemiological analysis has revealed
that individuals with a family history of gastric cancer have
a 3-fold increased risk of developing gastric cancer as
compared to the unaffected population[2,3], suggesting the
fact that there is familial aggregation may reflect not only
environmental but also genetic traits. Furthermore, nutritional
studies have indicated that low consumption of fruits and
vegetables is consistently related to an increased incidence
of cancer[4]. Many components of fruits and vegetables such
as folate and vitamin C may be responsible for the reduced
risk of cancer[5-7]. It has been reported that diminished folate
status is associated with cancer of the cervix, colorectum,
lung, esophagus, brain, pancreas, and breast[8]. In a rat model
of colonic carcinogenesis, folate deficiency enhances the
development of colonic dysplasia and cancer, providing
convincing evidence for the cause and effective relationship
between diminished folate status and colon cancer[9]. Xiao
et al [10] recently demonstrated that high-dose folic acid
supplementation protected beagles against the development
of gastric carcinogenesis induced by a chemical carcinogen
N-ethyl-N-nitrosoguanidine.
Although the pathogenesis of gastric cancer still remains
unclear, it has been proposed that the alteration of the
balance between apoptosis and proliferation of gastric
epithelial cells contributes to carcinogenesis[11] . The early
indicator for the subject predisposed to gastric cancer is
abnormal hyperproliferation of gastric epithelial cells, such
as chronic atrophic gastritis, intestinal metaplasia (IM) and
dysplasia, which have been considered as premalignant
gastric lesions[12,13]. Generally, accumulation of genetic
alterations including activation of oncogenes and inactivation
of tumor suppressor genes plays an important role in the
process from premalignant lesions to malignant
transformation. However, little is known about the effects
of folic acid on the expression of bcl-2 oncogene and tumor
suppressor p53 in the premalignant gastric lesions. Therefore,
the purpose of this study was to examine whether folic acid
affects the apoptosis of epithelial cells and the expression
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of Bcl-2 and p53 protein in the patients with IM and
dysplasia.

MATERIALS AND METHODS
Patients
Patients with an endoscopic screening and histologically
confirmed colonic type (grade III) IM and mild or moderate
dysphasia by two or more expert pathologists on biopsy
specimens were studied for this prospective, randomized,
investigator-blind trial. Exclusion criteria were: (1) previous
history of gastric surgery; (2) alcoholics; (3) current metabolic
or life threatening disease; (4) recent use of vitamin supplements,
methotrexate, triamterene, phenobarbital, pyrimethamine,
trimethoprim, cholestyramine, sulfasalazine, or non-steroidal
anti-inflammatory drugs; (5) pregnancy; and (6) anemia or
vitamin B12 deficiency. A total of 38 patients (18 IM and
20, dysplasia) who were recruited in the digestive unit at
Affiliated Zhongda Hospital of Southeast University fulfilled
the criteria for admission to the study. All patients gave
their fully informed written consent before entering the
study. The study also received the approval of the Medical
Ethics Committee of Southeast University and Nanjing
Medical University.
Groups
The patients were randomly divided into a treatment
group (n = 19) receiving folic acid tablet (Changzhou
Pharmaceutical Factory, Changzhou, China) 10 mg thrice
daily for 3 mo, and a control group (n = 19) receiving a
gastric mucosal protective reagent, sucralfate tablet 1 000 mg
thrice daily for 3 mo. Each group involves 9 IM and 10,
dysplasia. Treatment group consisted of 13 men and 6
women with an average age of 50±7 years. Control group
was made up of 14 men and 5 women with an average age
of 49±9 years. No significant differences of sex ratio and
average age were found between the two groups.
Endoscopies and biopsy specimens
All endoscopic examinations were performed under local
anesthesia with lidocaine. Four biopsy specimens (each 2
from the lesser and greater curvature of the antrum about
2 cm away from the pylorus respectively) were taken prior
to folic acid treatment and repeated after concluding therapy.
Measurement of folate concentrations in the gastric mucosa
Biopsy specimens were weighed and then homogenized in
0.2 mol/L acetic acid in a volume of 1 L/g. The
homogenate was centrifuged at 1 500 g for 15 min and the
supernatants stored at -20 ℃ for the folate assay. The
folate concentrations in the gastric mucosa were measured
with chemiluminescent enzyme immunoassay kit according
to the procedure indicated by the manufacturer (the
IMMULITE 2000 system, DPC, Los Angeles, CA, USA).
In brief, an aliquot of pretreated samples, ligand-labeled
folate and folate binding protein (FBP) were added to the
reaction tube containing a bead coated with a monoclonal
antibody against FBP. Folate from the sample competed
with the ligand-labeled folate for the FBP, and ligand-labeled
folate-FPB complex bound to the anti-FBP antibody on
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the bead. Alkaline phosphatase-labeled anti-ligand was added
and bound to the ligand-labeled folate in the complex
immobilized on the bead. Substrate addition initiated the
chemiluminescent reaction, yielding a result that relates
inversely to the folate concentrations in the samples. The
concentrations of folate in gastric mucosa were expressed
as micrograms of folate per gram tissue wet weight (g/g
wet wt).
Assessment of cell cycle and apoptosis by flow cytometry
analysis
For the preparation of gastric epithelial cell suspensions,
biopsy specimens were treated for 30 min at 37 ℃ water
bath with digesting solution containing 1% porcine pepsin A
(by weight of substrate, and adjusted to pH 1.5 with 1 mol/L
HCl). The reactions were terminated by adding 10 mL
physiological saline. The cell solution was centrifuged at
750 r/min for 10 min and then pressed through a nylon
cell strainer (Spectrum Laboratories Inc.) to isolate singlecell suspensions. Flow cytometry assay followed routine
procedures by using 1×106 cells per sample.
The cell pellets were fixed with 200 L of 70% ethanol
at -20 ℃ for at least 4 h. After the ethanol was removed,
the cells were washed once in PBS and then resuspended in
1 mL of propidium iodide/Triton X-100 staining solution
[PBS containing 0.1% Triton X-100 (Sigma), 0.2 mg/mL
RNAse A (Sigma), and 50 g/mL propidium iodide (PI,
Sigma)] and incubated for 30 min in the dark at room
temperature. The DNA contents of the cells were analyzed
by using a FACScan flow cytometer in combination with
Cell Quest and ModFit LF software (Becton Dickinson,
CA, USA). Apoptosis rates were based on the proportion
of the peak area of the sub-G1 phase.
To confirm the type of cell death induced by folic acid,
aliquots of 1×10 6 cells were washed in ice-cold PBS and
suspended in binding buffer (Annexin V FITC kit,
Immunotech, France). Annexin V fluorescein isothiocyanate
(FITC) and PI were added to the cell suspension, and the
mixture was incubated for 10 min on ice in the dark. The
stained cells were analyzed using a FACScan flow cytometer
(Becton Dickinson). A minimum of 10 000 cells was counted
in each sample; apoptosis rate represents the percentage
ratio of Annexin V+/PI- cells to the total cell population.
Flow cytometry analysis of Bcl-2 and p53 protein expression
For Bcl-2 and p53 expression, cells were stained with FITClabeled monoclonal anti-Bcl-2 and anti-p53 antibodies
(PharMingen, San Diego, CA, USA), washed, and stained
with secondary antibodies. The samples were then run on a
FACScan flow cytometer (Becton Dickinson), equipped with
an argon laser emitting at 488 nm. A minimum of 10 000
cells were acquired in a list mode file format and analyses
were performed with CELLQuest software (Becton
Dickinson). The results were obtained as mean fluorescence
index (MFI), calculated as the ratio of sample mean channel:
control mean channel.
Statistical analysis
Data were shown as mean±SD. Statistical analyses of
matched data were performed using the Student’s t-test. A
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P≤0.05 was considered statistically significant.

RESULTS
Folate concentrations in the gastric mucosa
Three months after folic acid treatment, the mean of folate
concentrations in gastric mucosa was (9.03±3.37) g/g wet
wt in the treatment group, which were significantly higher
than (6.83±3.02) g/g wet wt in the control group (P<0.01
Table 1).
Table 1 Changes in the gastric mucosal folate concentrations after
folate treatment
Group

n

Treatment
Control

19
19

Pre-T

Post-T

1573

To confirm the type of cell death induced by folic acid,
gastric epithelial cells were stained twice with PI and FITClabeled Annexin V, and then analyzed by flow cytometry
(Table 2). As Annexin V detects phosphatidylserine exposure
in the plasma membrane of apoptotic cells, this technique
can differentiate among normal (double negative), early
apoptotic (Annexin V-FITC single positive), and necrotic
(Annexin V-FITC and PI double positive) cells. In Figure 2,
the lower left population of cells that have low level of
FITC and PI signals in each plot indicates normal cells. Those
in the upper left, which have low FITC and high PI signals,
indicate necrotic cells. The lower right and upper right
populations correspond to apoptotic and secondary necrotic
(late apoptotic), which have high FITC and low PI, and high
FITC and high PI signals respectively. More than 80% of

9.03±3.37b
6.83±3.02

7.16±1.88
6.90±2.72

n: number; Treatment: treatment group; Control: control group; Pre-T: before
treatment; Post-T: after treatment; Data are shown as (mean±SD) g/g wet wt.
b
P<0.01 vs control group and before treatment in the same group.

Table 2 Effects of folic acid on the apoptosis rate in gastric epithelial cells
Staining with PI (%)
Group

Pre-T

Cell cycle analysis and apoptosis
Figure 1 shows the distributions of the DNA contents in
gastric epithelial cells after folic acid treatment. A high peak
in the sub-G1 phase as an induction of apoptosis was
detected after folic acid therapy. However, the effect was
not observed in the control group treated with sucralfate
(data not shown).

Post-T

Pre-T

Post-T

Treatment

19

6.19±2.82

6.78±2.15b

16.22±3.80

21.00±4.61a

Control

19

6.27±3.24

6.23±2.70

15.10±2.52

15.70±2.56

Apoptosis rate represents the ratio of Annexin V+/PI- cells to the total cell
population. n: number; Treatment: treatment group; Control: control group;
Pre-T: before treatment; Post-T: after treatment; Data are shown as (mean±SD)%.
a
P<0.05 and bP<0.01 vs control group and before treatment in the same group.

A
A

Staining with annexin
V FITC/PI (%)

n

104

APO 458

1 000
FL2-height

103

Number

800
600

102

400

101

200

100
100

0
0

50

100

150

200

101
102
103
FL1-height

104

250

Content

B

104

B

103
FL2-height

2 000
Number

APO 439

1 500
1 000

102
101

500
100
100

0
0

50

100

150

200

250

101
102
103
FL1-height

104

Content
Figure 1 Effect of folic acid on the cell cycle and the induction of
apoptosis DNA content was determined by flow cytometry after
ethanol fixation, permeabilization and PI staining. A: before; B:
after folic acid treatment. Representative results of one of the subjects are shown.

Figure 2 Annexin V-FITC/propidium iodide double staining of gastric epithelium before and after treatment with folic acid The proportion of apoptosis was measured by flow cytometry using Annexin
V-FITC and PI. In the figures, X-axis (FL1-H) indicates Annexin V, Yaxis (FL2-H) indicates PI. A: before; B: after folic acid treatment.
Representative results of one of the subjects are shown.

1574

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

the untreated cells were Annexin and PI double negative
(Figure 2A), whereas an increase in the lower right population
was observed (Figure 2B) after folic acid treatment.
Expression of Bcl-2 and p53 protein
We also investigated intracellular expression of molecules
known to be involved in apoptosis such as Bcl-2 and p53.
Representative distributions of Bcl-2 and P53 in the gastric
epithelial cells were shown in Figure 3 (A-D). Bcl-2 MFI
was weaker whereas P53 MFI was higher after folic acid
treatment (B and D) when compared with treatment before
(A and C). Therefore, after treatment with folic acid for
3 mo, expression of Bcl-2 decreased and that of p53
increased significantly (Table 3).

Table 3 Effects of folic acid on the expression of Bcl-2 and p53 in
gastric epithelial cells
Bcl-2 expression
Group

Pre-T
Treatment
Control

p53 expression

n
19
19

8.17±2.06
6.78±2.57

Post-T
a

6.22±1.26
6.98±2.55

Pre-T

Post-T

2.03±0.35
1.75±0.65

2.56±0.47b
1.70±0.39

n: number; Treatment: treatment group; Control: control group; Pre-T: before
treatment; Post-T: after treatment; Data are shown as (mean±SD)%. aP<0.05 and
b
P<0.01 vs control group and before treatment in the same group.

DISCUSSION
Folate is a member of water-soluble B vitamin family; its
principal biochemical function is the mediation of onecarbon transfer or methylation reactions. These reactions
include (1) purine and pyrimidine nucleotide biosynthesis;

B

Bcl-2.065

Number 11

Bcl-2.067

1 000

SSC-H

1 000

Volume 11

(2) amino acid conversions-the interconversion of serine
and glycine, catabolism of histidine to glutamic acid and
conversion of homocysteine to methionine; (3) generation
and utilization of formate and (4) methylation of small
amounts of transfer RNA. Folate deficiency has been
shown to be common in various regions of China including
Beijing [14,15], and a number of epidemiological studies
conducted in the Chinese population have consistently
indicated an inverse association between consumption of
vegetables and fruits, a major source of folate, and the risk
of gastroesophageal cancer[16-18]. Folic acid is the synthetic
form of folate, which is used for nutritional supplements
and food fortification. The present study demonstrated that
folic acid, which was administered to the patients for 3 mo,
markedly increased the concentrations of folate in the gastric
mucosa. A higher intake of the micronutrient folate was
first proposed by Freudenheim[19] to reduce the risk of colorectal
cancer. Thereafter, the evidence from epidemiological, animal
and human studies strongly suggests that folate status
modulates the risk of several malignancies, the most notable
of which is the colorectum[8,9,20-22] . Recent animal study
indicated that high dose of folic acid also played a prevention
role in gastric carcinogenesis in beagles[10].
Although the incidence rates for gastric cancer have been
declining in many countries[23], it remains the leading cause
of cancer-related deaths in China [1,24] . The incidence and
mortality of gastric cancer varies from province to province,
generally very high in the north but relatively low in the
south of China[25], suggesting that environmental factors,
particularly those associated with the diet, may play an
important role in gastric carcinogenesis. More than 90%
of gastric cancers are adenocarcinomas, which are divided
into intestinal and diffuse histological types. In the view of
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Figure 3 Flow cytometry analysis of Bcl-2 and p53 expression in a patient before and after folic acid treatment For Bcl-2 and p53 expression,
cells were stained with FITC-labeled monoclonal anti-Bcl-2 (A and B) or anti-p53 antibodies (C and D); and then measured by flow cytometry.
A and C: before; B and D: after folic acid treatment. Representative results of one of the subjects are shown.
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Correa’s multistep model of gastric carcinogenesis[13,26] ,
intestinal-type gastric cancer develops from chronic active
gastritis, premalignant lesions (chronic atrophic gastritis, IM
and dysplasia) and finally to gastric cancer. Therefore,
studying the effects of interventions on the progression of
these premalignant lesions is the most viable option for
decreasing the risk of gastric cancer. It has been demonstrated
that folic acid supplementation reverses IM and dysplasia
and thus delays the progression of gastric carcinogenesis[27].
Mark and colleagues[28] have also revealed the reversion
effect of vitamin and mineral supplement including folate
on esophageal dysplasia. However, the mechanisms for these
phenomena have not yet been clarified.
Folate is an important factor in DNA synthesis, stability
and integrity, repair and methylation, aberrations all of which
are implicated in carcinogenesis[8,29,30]. A growing body of
in vivo and in vitro evidence suggests that folate deficiency is
associated with DNA damage, impaired DNA repair, abnormal
DNA methylation, and increased susceptibility to mutagenesis,
which can be overcome by folate supplementation[8,30]. An
alteration in DNA methylation has been suggested to be an
important factor in causing genetic instability[31,32] and is
thought to contribute to carcinogenesis by affecting the
expression of proto-oncogenes and/or tumor suppressor
genes[33] . The present study clearly shows that folic acid
significantly increases the epithelial apoptosis and p53
expression in the gastric mucosa. The tumor suppressor
gene p53 may directly induce apoptosis through several
pathways and plays a major role in the protection of cells
from DNA damage[34,35]. The balance between cell proliferation
and apoptosis results in a disturbance of tissue homeostasis
and this may promote the development of cancer. Recent
insight into the p53-mediated biochemical pathways of cellcycle arrest and apoptosis has provided further understanding
of the mechanisms related to p53-mediated tumor
suppression[36]. The transformation of gastrointestinal
epithelial tissue to carcinomas has been shown to be
associated with the progressive inhibition of apoptosis[37,38].
In the present study, high levels of p53 protein from intestinal
metaplastic and dysplastic epithelium were induced by folic
acid, and overexpression of p53 could arrest the cell cycle
and induce apoptosis in high-risk patients for gastric cancer.
Apoptosis is an essential and highly conserved mode of
cell death that is important for normal development, host
defense and suppression of oncogenesis. Among the
numerous proteins and genes involved, members of the
Bcl-2 family play a central role to inhibit or promote
apoptosis[39]. Levels of Bcl-2 within cells are critical to
antiapoptotic activity, decreasing Bcl-2 could be a mechanism
to sensitize cells to apoptosis[39,40]. The present study has
demonstrated that folic acid was able to induce the apoptosis
in premalignant gastric lesions; this apoptosis may be
mediated by down-regulating the expression of apoptosisassociated gene bcl-2 and up-regulating the expression of
tumor suppressor gene p53. Apoptosis is distinguished from
necrosis because it is highly regulated, requires new gene
expression, and leads to changes in nuclear morphology,
DNA laddering and membrane blabbing[41]. The changes in
membrane composition lead to extracellular exposure of
phosphatidylserine (PS) residues and occur early in the
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apoptotic cycle, regardless of the initiating signal[42]. Exposed
PS residues avidly bind Annexin V, a natural ligand, in a
calcium-dependent manner[43]. Membrane changes leading
to PS exposure occur rapidly in apoptotic cells, while the
cell loses membrane integrity later in the apoptotic process.
Necrotic cells expose PS and lose membrane function
simultaneously soon after cell injury[43]. Using a DNA binding
dye such as PI in tandem with fluorochrome-conjugated
Annexin V, apoptotic cells are identified and discriminated
from necrotic cells[42]. Because the extracellular exposure
of PS occurs earlier than DNA fragmentation in the
apoptotic cycle, Annexin V-FITC/PI double staining is
superior to other apoptosis detection methods, such as PI
staining and TUNEL (terminal deoxynucleotidyl transferasemediated dUTP nick-end-labeling) assay.
Furthermore, folic acid is important for the production
of S-adenosylmethionine, the primary methyl donor for
DNA methylation[29,44] . Decreased DNA methylation is
associated with an increased risk of human gastric cancer[45].
Folate deficiency may deplete cellular S-adenosylmethionine
levels causing DNA hypomethylation and inappropriate
activation of proto-oncogenes[46].
In conclusion, this study demonstrates that both the
epithelial apoptosis rate and the tumor suppressor p53
expression in gastric mucosa were significantly increased,
while the expression of Bcl-2 oncogene protein decreased
after folic acid treatment. These findings indicate that folic
acid may play an important role in the chemoprevention of
gastric carcinogenesis by enhancing gastric epithelial
apoptosis in patients with premalignant lesions.
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fluid, which could reduce fluid infusion volumes and positive
fluid balance after radical surgery for gastrointestinal
carcinoma, as well as, accelerate the early appearance
of negative fluid balance after the surgery, improve the
oxygen diffusing capacity of the patients’ alveoli, and lower
the overall incidence of complications and pulmonary
infection after the surgery.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To investigate the effects of 7.5% hypertonic saline
on positive fluid balance and negative fluid balance, after
radical surgery for gastrointestinal carcinoma.
METHODS: Fifty-two patients with gastrointestinal
carcinoma undergoing radical surgery were studied. The
patients were assigned to receive either Ringer lactate
solution following 4 mL/kg of 7.5% hypertonic saline (the
experimental group, n = 26) or Ringer lactate solution
(the control group, n = 26) during the early postoperative
period in SICU. Fluid infusion volumes, urine outputs, fluid
balance, body weight change, PaO 2 /FiO 2 ratio, anal
exhaust time as well as the incidence of complication and
mortality were compared between the two groups.
RESULTS: Urine outputs on the operative day and the
first postoperative day in experimental group were
significantly more than in control group (P<0.000001,
P = 0.000114). Fluid infusion volumes on the operative
day and the first postoperative day were significantly less
in experimental group than in control group (P = 0.000042,
P = 0.000415). The volumes of the positive fluid balance
on the operative day and during the first 48 h after
surgery, in experimental group, were significantly less
than in control group (P<0.000001). Body weight gain
post-surgery was significantly lower in experimental
group than in control group (P<0.000001). The body
weight fall in experimental group occurred earlier than
in control group ( P <0.000001). PaO 2 /FiO 2 ratio after
surgery was higher in experimental group than in
control group (P = 0.000111). The postoperative anal
exhaust time in experimental group was earlier than in
control group (P = 0.000006). The overall incidence of
complications and the incidence of pulmonary infection
were lower in experimental group than in control group
(P = 0.0175, P = 0.0374).
CONCLUSION: 7.5% hypertonic saline has an intense
diuretic effect and causes mobilization of the retained

Key words: Hypertonic saline; Fluid balance; Positive fluid
balance; Negative fluid balance; Abdominal surgery;
Gastrointestinal carcinoma
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INTRODUCTION
The practice of perioperative fluid therapy is variable. In
the perioperative fluid therapy of radical surgery for
gastrointestinal carcinoma, the positive fluid balance
significantly exists after which the negative fluid balance
appears[1] . The volume of positive fluid balance is the
important risk factor of the postoperative complications
and in-patient mortality. In the nonsurvivors group a much
more positive fluid balance was found, together with
increasing the extent of the organ dysfunction. The stronger
correlation between fluid intake and fluid balance in
nonsurviving patients compared with survivors points to
the need for careful fluid management in critically -ill
patients [2,3]. Appearance of the negative fluid balance
indicates surgical stress response subsiding and resuming
of the internal environment stability, and portends a good
prognosis. The delaying of the negative fluid balance indicates
that the stability of the internal environment has not been
restored and complications may occur[4].
In recent years, attention has been directed towards the
problem of larger volume of positive fluid balance after
abdominal aortic aneurysm resection and coronary artery
bypass grafting surgery, which seriously impacts the resuming
of the cardiopulmonary function. Hypertonic saline is being
applied abroad to stimulate excretion of excess body fluid,
accumulated during and after surgery, to decrease the
volumes of positive fluid balance[5-10], and to accelerate the
early appearance of negative fluid balance after surgery[6].
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Hence, we applied 7.5% hypertonic saline to the patients
with gastrointestinal carcinoma undergoing radical surgery
to observe the effects on the positive and negative fluid
balance after the surgery.

MATERIALS AND METHODS
Case selection
Fifty-two patients with gastrointestinal carcinoma undergoing
radical surgery in our hospital from February 2003 to March
2004 were divided into the experimental group (n = 26)
and the control group (n = 26) according to their diseases
and surgery modes. Diseases and surgery modes of the
two groups are shown in Table 1. General information of
the two groups are shown in Table 2, of which POSSUM
(Physiological and Operative Severity Score for the
EnUmeration of Mortality and Morbidity) scoring is
accounted by Copeland method[11].
Table 1 Diseases and surgery modes of experimental group and
control group
Experimental group

Control group

Distal gastrectomy D2

8

8

Proximal gastrectomy D2

2

2

Total gastrectomy D3

2

2

Carcinoma of the colon
Sigmoid colon D3 excision

4

4

2

2

Left-half colon D3 excision

1

1

Transverse colon D3 excision

1

1

Rectal carcinoma
Dixon procedure

4

4

Miles procedure

2

2

Table 2 Comparison of general data between experimental group
and control group
Experimental
group
Sex (male/female cases)
Age (yr)
Body weight (kg) 1

12/14
57.19±9.58
55.58±9.44

Serum sodium (mmol/L)1 139.92±2.46
HCT1
Serum albumin (g/L) 1
PaO2/FiO2 ratio1

0.33±0.07

Control
group

t or 2

15/11

2 = 0.69

P
0.4050

55.19±13.48 t = 0.567821 0.575221
58.21±9.72 t = 1.074640 0.292797
139.31±3.87

t = 0.813147 0.423811

0.34±0.07

t = 0.773980 0.446200

38.35±3.53
39.42±3.73 t = 1.001330 0.326262
395.88±45.55 410.43±60.33 t = 1.021750 0.316684

MAP (mmHg) 2

91.88±11.31

96.17±13.35 t = 1.145300 0.263864

Heart rate (times/min) 2

89.38±12.85

88.54±11.49 t = 0.223948 0.824775

POSSUM score
Operative period (min)
Blood transfusion (cases)
1

34.54±4.83
33.46±4.12 t = 0.951963 0.350230
252.42±73.35 248.85±73.19 t = 0.208407 0.836599
8

5

2 = 0.92
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more when the body temperature rose by 1 ℃ and supplied
5% glucose solution. Patients in the control group that did
not receive 7.5% hypertonic saline and other fluid therapies
were same as that of the experimental group. Transfusion
of the whole process was measured with the transfusion
pump and the transfusion speed was adjusted according to
urine outputs of every hour, which referred to blood
pressure, pulse and HCT value. The objective was to keep
the hemodynamics stable and enough urine outputs. When
urine outputs <0.5 mL/(kg·h) and/or pulse speed and HCT
rose, the transfusion was accelerated; when urine outputs
>1.0 mL/(kg·h), transfusion was slower.
The fluid volumes transfused and discharged and the
urine outputs of every hour were recorded. Fluid balance
of unit time was calculated. After surgery, body -weight of
each hour was measured with the hydraulic weighing sickbed.
Body weight increase value = postoperative maximum body
weight-preoperative basic value of the body weight (kg).
Bodyweight falling time refers to the hour difference between
time of starting of body weight falling and time of entering
SICU (h). Serum electrolyte and arterial blood gas analysis
were checked every 6 h until negative fluid balance disappeared.
Data analysis
Curves of body weight and urine outputs of each hour
after surgery were drawn. Fluid infusion volumes, urine
outputs, volumes of positive fluid balance, body weight gain
value, body weight falling time, PaO2/FiO 2 ratio, anal
exhaust time, complication incidence and mortality of two
groups were compared. Data mean value was expressed
with mean±SD. Comparison of statistics difference was
inspected with 2 test and t test. Statistical analysis was
performed with software SPSS10.0.

Gastric carcinoma

Right-half colon D3 excision

March 21, 2005

0.3367

RESULTS
Statistic comparability
Difference of surgery modes (Table 1), patient conditions
and POSSUM scores (Table 2), fluid infusion volumes
(Table 3) and urine outputs (Table 4) during surgery between
the two groups are not significant but are statistically
comparable.
Fluid infusion volumes
Difference of fluid infusion volumes between the two groups
are summarized in Table 3.
Urine outputs
Comparison of urine outputs of experimental group and
control group are shown in Table 4.

Examination results before surgery. 2Result at time of entering SICU.

Table 3 Fluid infusion volumes (mL) of experimental group and
control group

Fluid therapy after surgery
After surgery, the patients were immediately sent into SICU.
Patients in the experimental group firstly received 4 mL/kg
of 7.5% hypertonic saline and were continuously transfused
with Ringer lactate solution. Non-visible dehydration was
calculated according to 400 mL/(m2·d), transfusing 12%

During
surgery
Experimental
Control
t
P

3 607.69±1 029.15
3 657.69±1 086.34
0.192560
0.848859

Operative
day

First
postoperative day

7 140.23±1 497.91 3 051.58±968.16
8 888.04±1 389.93 4 458.85±1 415.86
4.953730
4.068690
0.000042
0.000415

Shao YS et al. 7.5% hypertonic saline on fluid balance
Table 4 Comparison of urine outputs (mL) between experimental
group and control group
During
surgery
Experimental
Control
t
P

Operation
day

First
postoperative day

630.77±212.64 2 446.73±361.12
723.08±316.93 1 735.31±381.04
1.081120
6.958838
0.289961
<0.000001

2 641.65±558.97
1 998.65±482.76
4.569320
0.000114

Fluid balance and body weight change
Differences of fluid balance and body-weight change
between the two groups are summarized in Table 5. On
the day of operation, patients of the two groups had
significant positive fluid balance; on the first postoperative
day, 19 patients of the experimental group showed negative
fluid balance and only one in the control group showed
negative fluid balance (2 = 26.33, R67.8, 95% CI 58.3-77.2,
P<0.0001; NNT1.44).
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infection (7.69%), who were cured through antibiotic
therapy; one anastomotic leak case (1.92%), who was a
patient for 18 d after right-half colon D3 excision, clinically
diagnosed as anastomotic leak because of the localized
peritonitis accompanying high fever and cured through total
parenteral nutritional support and antibiotic therapy; one
ileus case (1.92%), who was cured through non-surgical
therapy such as gastrointestinal decompression, spasmolysis
and low pressure clysis. A patient of the control group died
(0.04%), who was patient of right-half colon D3 excision
for carcinoma of cecum and died on the 21st postoperative
day due to hepatic failure. Comparison results of the
incidence of complication and mortality between the
experimental group and the control group are shown in
Table 6.

Table 6 Comparison of complications and mortality (cases) between the two groups
Wound
infection

Table 5 Comparison of fluid balance and body weight between
experimental group and control group
VPFB on operative VPFB in 48 h
BW increase BW falling
day (mL)
after surgery (mL) value (kg)
time (h)
Experimental
Control

Pulmonary Ileus Anastomotic Death
infection
leak

Experimental

2

0

0

0

0

Control
2

3
0.22

4
4.33

1
1.02

1
1.02

1
1.02

P

0.6381

0.0374

0.3126

0.3126

0.3126

2 832.85±970.67 2 519.15±1 629.44 3.46±1.15 18.38±7.16
4 944.46±1 289.67 6 887.31±2 115.84 6.96±2.41 29.58±7.80

t

7.475810

9.19234

P

<0.000001

<0.000001

7.096470

7.23379

<0.000001 <0.000001

Note: VPFF = volume of positive fluid balance; BW = body weight.

PaO2/FiO2 ratio
PaO2/FiO2 ratio of patients of two groups before surgery
was not different (Table 2). Within 6 h after entering ICU,
PaO2/FiO2 ratios of the experimental group and control
group were respectively 463.03±136.23 and 339.79±54.42
(t = 4.578857, P = 0.000111).
Postoperative anal exhaust time
Postoperative anal exhaust time of the patients of the
experimental group on an average was about 2.81±0.75
(1-4) d after surgery and that of the control group was about
4.27±1.04 (2-7) d after surgery (t = 5.718330, P = 0.000006).
Postoperative hypernatremia
After surgery, serum sodium concentration of five patients
of the experimental group (within 6 h after entering SICU)
was 145.2-153 mmol/L but had no clinical symptom; after
6 h (12 h after entering SICU) serum sodium concentration
returned to the normal value. Patients of the control group
had no hypernatremia.
Postoperative complications and mortality
Two patients of the experimental group had complications
(7.69%) after surgery and nine patients of the control
group had complications (34.62%) after surgery (2 = 5.65,
P = 0.0175). In the two groups, five patients had wound
infection (9.62%) after surgery, who were cured through
drainage therapy; four patients developed pulmonary

DISCUSSION
The principles of perioperative fluid therapy were fostered
in the late 1950s and early 1960s. Recommendations for
restricted fluid regimen came primarily from Moore. In
contrast, Shires postulated a decrease in extracellular volume
after surgery, due to internal redistribution of fluids, the
‘third space’ losses, and advocated replacement of these
losses by additional fluid infusion[12]. Clinical practice has
largely been influenced by Shires’ recommendations in
elective surgical procedures. This is especially the case in
major abdominal surgery[13].
Major surgical operation, similar to severe trauma, burn
and sepsis, may cause systemic inflammatory response
syndrome and systemic capillary leakage. In response to
surgery, serum colloid osmotic pressure is decreased, which
is primarily caused by increased capillary permeability,
resulting in fluid shifts from the vascular bed to the interstitial
fluid. In these cases, except local effusion and edema,
increased systemic capillary permeability causes intravascular
fluid loss into the extravascular compartment[14]. As a result,
hypovolemia, hyposarca, less urine outputs and higher HCT
value occur. Fluid resuscitation must cause positive fluid
balance, worse hyposarca and body weight gain[1,8].
Administration of excess fluid may cause several
problems after surgery. The resulting increased demands
on cardiac function, due to an excessive shift to the right
on the Starling myocardial performance curve, may potentially
increase postoperative cardiac morbidity. Fluid accumulation
in the lungs may predispose patients to pneumonia and
respiratory failure. Gastrointestinal motility may be inhibited,
prolonging postoperative ileus. Excess fluid may decrease
tissue oxygenation with implications for wound and
anastomotic healing[14]. Petrašovicová et al[2] found, through
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observing 117 surgical critical patients, that patients with
large volume positive fluid balance indicate poor prognosis
and have higher organ dysfunction incidence and mortality.
Result of the logic regression analysis of Moller et al[3] shows
that the large volume of positive fluid balance is the most
important risk factor of the postoperative complications
and mortality. Alsous et al [4] found through analysis that
appearance of negative fluid balance indicates the disease
is turned back with good prognosis and delaying of negative
fluid balance indicates poor prognosis. Thus, how to decrease
fluid intake and the volume of positive fluid balance and to
make negative fluid balance appear early as possible is the
key to the postoperative fluid therapy.
In this research, diseases and surgery modes of two
groups of patients are shown in Table 1. Dereference of
two groups of patients on sex ratio (male/female patients),
age, basic body- weight, preoperative biochemical factors
(serum sodium concentration, serum albumin concentration,
HCT and PaO2/FiO2 ratio), hemodynamic conditions when
entering SICU (mean arterial pressure and heart rate) and
number of blood-transfusing patients is insignificant
(Table 2).
The documents of our department prove that POSSUM
score (physiology score and surgery severity score) can
exactly predict the sizes of the surgery for gastrointestinal
cancer and their postoperative complication incidence and
mortality[15]. Difference between the two groups of patients
on POSSUM and surgery hours is insignificant (Table 2). It
is obvious that clinical data of the cases of the experimental
group and control group are statistically comparable.
The research results prove that 7.5% hypertonic saline
has an intense diuretic effect, which is manifested by the
urine outputs increase of the patients in the experimental
group on the operative day and the first postoperative day.
Such diuresis effect is different from diuretic, which can
increase the plasma volume within a short time, keep stability
of hemodynamics and cause mobilization of the retained
fluid excess. As a result, the postoperative fluid infusion
volumes were significantly decreased, also the postoperative
positive fluid balance of the patients in the experimental
group was reduced. This effect was confirmed by the lesser
increase in body-weight measured after surgery in the
experimental group. This is consistent with application result
of 7.5% hypertonic saline after abdominal aortic aneurysm
resection and coronary artery bypass graft surgery[5-10].
The body weight gain is the objective exhibition of
positive fluid balance (input fluid volume >excreted fluid
volume). Increased extent of the body weight indicates
volume of the positive fluid balance. Falling of the body
weight indicates appearance of the negative fluid balance
(input fluid volume <excreted fluid volume). Research shows
that 7.5% hypertonic saline increasingly makes the extent
of postoperative body weight, of the patients in the
experimental group, smaller and falling of the body weight
occurring earlier to prove that transfusion of hypertonic
saline not only decreases volume of positive fluid balance
after surgery but also makes negative fluid balance appear
earlier. This has not been reported in foreign literature.
In 6 h after entering SICU, PaO2/FiO2 ratio of the
patients in the experimental group was significantly higher
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than that of the control group (P = 0.000111), which shows
that hypertonic saline can improve the patients’ oxygenation
conditions. Hypertonic saline may make intrapulmonary
venous admixture less and improve alveolar gas exchange[6].
Someone also thinks it reduces systemic and pulmonary
inflammatory responses as well as improves pulmonary
perfusion and oxygenation[16].
The overall incidence of postoperative complication and
the incidence of pulmonary infection of the experimental
group were significantly lower than that of the control group
(P = 0.0175, P = 0.0374; Table 6), which may relate to
diuretic effect and improving effect of oxygen supply of
hypertonic saline. The intestinal functional rehabilitation
time (anus exsufflation) of the patients in the experimental
group was significantly earlier than that in the control group
(P = 0.000006), which may be the result of the fact that
the hypertonic saline decreases fluid infusion volumes and
volumes of the positive fluid balance to relieve postoperative
intestinal edema.
After 6 h of transfusing hypertonic saline, five patients
of the experimental group had hypernatremia, but serum
sodium concentration was not above 153 mmol/L. After 6 h
(after 12 h in ICU), serum sodium concentration returned
to the normal value.
The foreign researchers concluded that the use of
hypertonic saline might be of interest for use in surgical
patients. The suggested explanations for the beneficial effects
of hypertonic saline are (1) compartmental redistribution
with a fluid shift to the vascular bed and consequent plasma
expansion[17,18]; (2) a reduction in blood viscosity through
hemodilution and reduced endothelial and red blood cell
swelling improved microcirculation[19] ; (3) an endothelial
barrier mechanism decreased microvascular fluid loss
during states of elevated microvascular leak [20,21]; (4) the
effects of improving tissue oxygenation and perfusion, and
reducing systemic and pulmonary inflammatory responses[22];
and (5) hormonal and immunologic effects[23] that are
possible mechanisms of the long-lasting impact of hypertonic
saline.
This study’s findings through a prospective control study
of 52 patients with gastrointestinal carcinoma undergoing
radical surgery suggest that 7.5% hypertonic saline has an
intense diuretic effect, which may decrease volumes of
postoperative fluid infusion and positive fluid balance; and
make negative fluid balance appear earlier. In addition, 7.5%
hypertonic saline can also improve postoperative oxygenation
conditions and reduce the incidence of overall postoperative
complication and pulmonary infection.

REFERENCES
1

2

3

4

Zhang YT. Perioperative fluid therapy in major elective abdominal operations. Zhonghua Yixue Zazhi 1988; 68: 198-200,
21 6
Petrašovicová I, Sklienka P, Kolár L, Jahoda J, Kula R. The
clinical relevance of the fluid balance in critically ill patients.
Critical Care 2000; 4: P19
Molle r A M, Pe dersen T, Sv endsen PE, E ngqui s t A .
Perioperative risk factors in elective pneumonectomy: the impact of excess fluid balance. Eur J Anaesthesiol 2002; 19: 57-62
Alsous F, Khamiees M, DeGirolamo A, Amoateng-Adjepong
Y, Manthous CA. Negative fluid balance predicts survival in

Shao YS et al. 7.5% hypertonic saline on fluid balance

5

6

7
8

9

10

11
12

13

14

patients with septic shock: a retrospective pilot study. Chest
2000; 117: 1749-1754
Christ F, Niklas M, Kreimeier U, Lauterjung L, Peter K,
Messmer K. Hyperosmotic-hyperoncotic solutions during
abdominal aortic aneurysm (AAA) resection. Acta Anaesthesiol
Scand 1997; 41: 62-70
Cross JS, Gruber DP, Burchard KW, Singh AK, Moran JM,
Gann DS. Hypertonic saline fluid therapy following surgery:
a prospective study. J Trauma 1989; 29: 817-825; discussion
825-826
Jarvela K, Kaukinen S. Hypertonic saline (7.5%) after coronary
artery bypass grafting. Eur J Anaesthesiol 2001; 18: 100-107
Jarvela K, Koskinen M, Kaukinen S, Koobi T. Effects of hypertonic saline (7.5%) on extracellular fluid volumes compared with normal saline (0.9%) and 6% hydroxyethyl starch
after aortocoronary bypass graft surgery. J Cardiothorac Vasc
Anesth 2001; 15: 210-215
Jarvela K, Kaukinen S. Hypertonic saline (7.5%) decreases
perioperative weight gain following cardiac surgery. J
Cardiothorac Vasc Anesth 2002; 16: 43-46
Tollofsrud S, Noddeland H. Hypertonic saline and dextran
after coronary artery surgery mobilises fluid excess and improves cardiorespiratory functions. Acta Anaesthesiol Scand
1998; 42: 154-161
Copeland GP, Jones D, Walters M. POSSUM: a scoring system for surgical audit. Br J Surg 1991; 78: 355-360
Shires T, Williams J, Brown F. Acute change in extracellular
fluids associated with major surgical procedures. Ann Surg
1961; 154: 803-810
Lang K, Boldt J, Suttner S, Haisch G. Colloids versus crystalloids and tissue oxygen tension in patients undergoing major
abdominal surgery. Anesth Analg 2001; 93: 405-409, 3rd contents page
Holte K, Sharrock NE, Kehlet H. Pathophysiology and clini-

1581

15

16

17

18

19

20

21

22

23

cal implications of perioperative fluid excess. Br J Anaesth
2002; 89: 622-632
Zhu L, Peng KQ, Gong SM, Quan ZY, Zhang YT. Estimation
of mortality and morbidity risk in patients undergoing resection for gastrointestinal cancer using POSSUM. Zhonghua
Weichang Waike Zazhi 2004; 7: 205-207
Pascual JL, Khwaja KA, Chaudhury P, Christou NV. Hypertonic saline and the microcirculation. J Trauma 2003; 54:
S1 33-S1 40
Jarvela K, Koobi T, Kauppinen P, Kaukinen S. Effects of
hypertonic 75 mg/ml (7.5%) saline on extracellular water volume when used for preloading before spinal anaesthesia. Acta
Anaesthesiol Scand 2001; 45: 776-781
Jarvela K, Koskinen M, Koobi T. Effects of hypertonic saline
(7.5%) on extracellular fluid volumes in healthy volunteers.
Anaesthesia 2003; 58: 878-881
Bueno R, Resende AC, Melo R, Neto VA, Stolf NA. Effects of
hypertonic saline-dextran solution in cardiac valve surgery
with cardiopulmonary bypass. Ann Thorac Surg 2004; 77:
604-611; discussion 611
Victorino GP, Newton CR, Curran B. Effect of hypertonic
sa line on microva scul ar permeabi lity in the activated
endothelium. J Surg Res 2003; 112: 79-83
Victorino GP, Newton CR, Curran B. The impact of albumin
on hydraulic permeability: comparison of isotonic and hypertonic solutions. Shock 2003; 20: 171-175
Gurfinkel V, Poggetti RS, Fontes B, da Costa Ferreira Novo
F, Birolini D. Hypertonic saline improves tissue oxygenation and reduces systemic and pulmonary inflammatory
response caused by hemorrhagic shock. J Trauma 2003; 54:
1 13 7 -11 4 5
Kramer GC. Hypertonic resuscitation: physiologic mechanisms and recommendations for trauma care. J Trauma 2003;
54: S89-S99
Science Editor Li WZ Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(11):1582-1586
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• GASTRIC CANCER •

Nutritional status and quality of life of the gastric cancer patients
in Changle County of China
Jun Tian, Jian-Shun Chen
Jun Tian, Department of Epidemiology and Health Statistics, Fujian
Medical University, Fuzhou 350004, Fujian Province, China
Jian-Shun Chen, Changle Cancer Institute, Changle 350200, Fujian
Province, China
Correspondence to: Jun Tian, Department of Epidemiology and
Health Statistics, Fujian Medical University, Fuzhou 350004, Fujian
Province, China. tianjun@mail.fjmu.edu.cn
Telephone: +86-591-3569264
Received: 2004-09-03 Accepted: 2004-12-03

Abstract
AIM: To analyze the relation between nutrition and quality
of life in the stomach cancer patients, evaluate the intake
of daily nutrition of the patients, and study the feasibility
of nutrition intervention in improving quality of life of the
stomach cancer patients.
METHODS: A total of 285 surgical stomach cancer
patients reported in the Changle Cancer Registry from
2002 to 2003 were investigated with respect to their diet
and quality of life. Daily nutrition intakes of the patients
were calculated according to the Food Composition
Database, and these data were compared with the
reference values proposed by the Chinese Nutrition
Society. The partial correlation was used to analyze the
relationship between nutrition and quality of life in the
patients. Stepwise multiple regression analyses were
conducted to analyze the factors influencing nutrition
intake in stomach cancer patients.
RESULTS: Except vitamin C, there were statistical
correlations between the nutrition and quality of life in
stomach cancer patients, and differences of the daily
nutrition intake among three groups (good, modest and
bad quality of life) of the patients were significant. Most
of the stomach cancer patients had a lower daily nutrition
intake than the reference values. At the significance level
 = 0.05, the factors influencing the daily nutrition intake
of the patients were number of meals a day, family
income, way of operation, exercise and age.
CONCLUSION: The nutritional status of the operated
patients with stomach cancer may impact on their quality
of life. The stomach cancer patients in Changle County
have a low level of daily nutrition intake, which suggests
that they have a bad nutritional status. To improve the
quality of life of the patients, the nutrition intervention
should be conducted. Increasing times of meals a day
and having a high-protein, high-calorie foods can improve
the nutritional status of the stomach cancer patients.

Moreover, exercise for rehabilitation can whet the appetite
of the patients and recover their body function, which in
turn may improve the quality of life of the stomach cancer
patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Changle County is a high-incidence area of gastric cancer
in Fujian Province. On an average, about 500 cases were
operated a year in Changle County. Along with the increase
in the patients with early stage and improvement in tumor
treatment, the survival time of the patients with stomach
cancer has been prolonged[1]. As there are more and more
stomach cancer patients in the communities, how to make
the stomach cancer patients rehabilitate and how to improve
their quality of life, are important research contents. We
had conducted the studies of the influencing factors on the
quality of life of the stomach cancer patients in Fuzhou
City and Changle County during 1998-2002. The results of
these researches suggested that most of the gastric cancer
patients had poor quality of life and the rural patients had
lower quality of life than those of urban patients. Moreover,
there were three aspects of factors, including the disease
conditions, the social-economic status and rehabilitation
status, influencing the quality of life of the stomach cancer
patients[2], and their weights on quality of life were 0.35,
0.32, 0.33, respectively, and whether increasing nutritious
food played an important role in rehabilitation status of the
patients[2]. Increasing nutritious food in diet had effect not
only on patients’ physiological state, but also on their
psychological state[3]. These results suggested that when
seeking the countermeasure improving the quality of life
of the stomach cancer patients, we should not neglect to
study their nutritional status. Because the disease conditions
and social-economic status of the patients cannot be
changed, their quality of life may be improved by changing
their nutritional status. Because our early studies only asked
the patient whether to increase nutritious food or not (yes
or no), there were some defect the information on the
patient’s nutrition intake. In order to quantitatively analyze
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the association between nutrition intake and quality of life
and to study the feasibility of nutrition intervention in
improving the quality of life of the stomach cancer patients,
we made an epidemiological survey during springtime in
2004. In this paper, we further quantitatively analyzed the
relation between nutrition and quality of life among the
stomach cancer patients in Changle County, evaluated the
nutritional status of the patients and analyzed the influencing
factors of the daily nutrition intake of the patients. The
results of our research may be useful to doctors and nurses
in the community health centers to help improve the quality
of life of the gastric cancer patients.

MATERIALS AND METHODS
Materials
The stomach cancer patients who underwent operation in
2002-2003 and were still alive during the ter m of
investigation in Changle County were the subjects of our
research. The name and address list of the subjects were
obtained from the tumor registration office in Changle City.
The patients aged over 80 years or not finishing the
questionnaires were rejected, so our study sample consisted
of 285 patients. In the five age-groups, <40, 40-, 50-, 60and 70-80 years, there were 8 (2.81%), 32 (11.23%), 84
(29.47%), 92 (32.28%) and 69 (24.21%) patients, respectively.
There were 231 males with age (60.96±12.65) years and
54 females with age (58.67±15.39) years in our sample.
Methods
The epidemiological survey was conducted from April to
May in 2004. The data were collected by means of the
investigators going into the homes of the stomach cancer
patients. The quality of life within two weeks was measured
with a 21 items scale, with the Cronbach coefficient
 = 0.9866, and each of the 21 items was scored from 1
to 5. The higher score of the item is, the better the function
corresponding to the item is. The total score of the quality
of life was the sum of the scores of these 21 items.
The food frequency survey method[4] was used to obtain
information about the diet for every patient within two
weeks. Daily the ten kinds of nutrition intake for every
patient were calculated according to the Food Composition
Database[5]. On the basis of the reference values proposed
by the Chinese Nutrition Society[5], the nutritional status of
the patients was evaluated.
The partial correlation[6] and analysis of variance were
used to analyze the relationship between nutrition and quality
of life of the patients. The u test was used to compare the
means of daily nutrition intake of the patients to the
reference values. The stepwise multiple regression analyses
were conducted to analyze the factors influencing nutrition
intake of the stomach cancer patients. SAS software package
was used for all analyses[7].

RESULTS
Status of quality of life of the stomach cancer patients
The distribution of the total score of the quality of life for
285 patients was shown in Table 1. Compared with that in
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1999, the quality of life of the patients improved a little.
However, the average of the total score of the quality of
life was 65.69 (96%CI: 64.44-66.94), which was not
statistically higher than that in 1999. The means of the
total score of the quality of life for male and female were
66.9 (SD = 10.30) and 60.50 (SD = 11.22), respectively.
This difference was significant (P<0.05).

Table 1 Distribution of the total score of the quality of life in the
patients
Total score
2002–2003
of quality
of life
Number of patients

%

<30

2

0.7

4

30-

1

0.35

6

3.00

40-

15

5.26

16

8.00

50-

55

19.30

54

27.00

60-

112

39.30

69

34.50

70-

71

24.91

41

20.50

80-

23

8.07

10

5.00

6

2.11

0

0.00

90–105

1999
Number of patients

%
2.00

Relation between nutrition and quality of life
The Pearson partial correlation coefficients between daily
nutrition intake and quality of life, adjusted for age, sex,
way of operation and exercise, were shown in Table 2. Except
vitamin C, each of the nutrition was positively correlated
with the quality of life.

Table 2 Partial correlation analysis between nutrition intake and
quality of life
Nutrition

r

P

Nutrition

r

P

Calorie

0.22

0.0002

Selenium

0.24

Protein

0.25

<0.0001

Thiamine

0.21

0.0004

Calcium

0.21

0.0004

Riboflavin

0.25

<0.0001

Niacin

0.25

<0.0001

Vitamin C

0.05

0.3891

Iron

0.19

0.0012

Zinc

0.24

<0.0001

<0.0001

A total number of 231 patients were grouped according
to their total score of the quality of life. There were three
groups: the quality of life was bad (the total score was under
60), modest (the total score was within 60-80) and good
(the total score was over 80). The means of daily nutrition
intake in each of the groups for male and female were
calculated and shown in Table 3. For both male and female,
the daily nutrition intake among three groups, except vitamin
C, were statistically different, which suggested that the
patients who had a better nutritional status had a higher
quality of life.
Nutrition intake of the patients
There were 7 patients (2.5%) whose 10 kinds of nutrition
all come to or more than the reference values, 51 patients
(17.9%) whose 10 kinds of nutrition all lower than the
reference values. The proportions of the patients whose
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Table 3 Means of nutrition intake in three groups of the patients by sex
Total score of quality of life for male

Total score of quality of life for female

Nutrition mean
<60
Calorie (kJ)

60–80

P1

>80

<60

60–80

P1

>80

6 947.93

7 355.12

8 301.17

0.080

6 404.58

6 726.34

13 912.84

<0.001

61.51

62.82

78.41

0.028

46.84

56.99

133.05

<0.001

526.70
21.22

497.21
20.00

653.87
27.98

0.070
0.034

418.37
15.01

467.87
18.60

973.14
46.67

<0.001
0.002

Zinc (mg)

12.78

12.71

18.38

0.002

10.24

12.54

23.70

0.025

Selenium (g)

24.33

24.98

30.74

0.028

20.38

23.89

40.58

0.122

1.48
1.41

1.57
1.41

1.82
1.88

0.045
0.015

1.35
1.06

1.42
1.36

2.76
3.02

0.007
0.001

Niacin (mg)

11.72

13.36

16.39

0.036

10.89

12.45

27.35

0.007

Vitamin C (mg)

94.95

79.87

98.03

0.551

69.99

81.91

95.31

0.865

Protein (g)
Calcium (mg)
Iron (mg)

Thiamine (mg)
Riboflavin (mg)

1

P value derived from the analysis of variance among three groups.

daily nutrition intake were less than the reference values
were 83.86% for calorie, 33.33% for protein, 66.67% for
calcium, 35.79% for iron, 71.58% for zinc, 95.44% for
selenium, 31.58% for thiamine, 45.26% for riboflavin,
51.93% for niacin and 53.33% for vitamin C, respectively,
which suggested the bad diet and nutritional status of the
stomach cancer patients. From Table 4, it could be seen
that the intakes of calorie, protein, calcium and selenium
were much lower than the reference values.

operation, exercise and age. The patients who had more
times of meals a day, more family income and often taking
part in exercise had a better nutritional status than those
who had less times of meals a day, less family income and
not taking part in exercise. Besides, total gastrectomy made
the patients have worse nutritional status, and the older the
patient was, the worse his nutritional status was.

Table 5 Result of stepwise regression at  = 0.05
Factor

Table 4 Means of daily nutrition intake in the 285 patients
Male (n = 231)

Female (n = 54)

Age (yr)

Nutrition
Reference
value
Calorie (kJ)
Protein (g)

10 080
70

Calcium (mg)

mean±SD

Reference
value

7 470.08 (2 722.52)
65.37 (34.12)a
a

a

8 820
65

Family income

mean±SD

Way of operation
6 900.39 (2 684.72)
56.79 (30.21)a

800

528.05 (385.61)

Iron (mg)

12

21.54 (17.44)a

18

18.57 (12.38)

Zinc (mg)
Selenium (g)

15
50

13.70 (9.42)a
25.90 (12.68)a

15
50

12.27 (6.81)a
23.46 (13.30)a

Thiamine (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin C (mg)
a

1.2

1.60 (0.64)a

1.2

a

12
60

1.49 (0.93)

13.69 (7.95)a
84.86 (107.39)a

800

509.73 (498.37)

1.1

1.45 (0.62)a

1.1

a

11
60

Standard parameter Standard
estimate
error

1.34 (0.74)

a

t

P

-0.119

0.012

-2.12

0.035

0.206

0.142

5.71

<0.001

-0.151

0.366

-2.75

0.007

Times of meals a day

0.241

0.164

4.12

<0.001

Exercise

0.139

0.376

2.38

0.018

a

12.54 (7.14)
78.81 (83.93)

P<0.05. vs reference value.

Factors influencing on nutrition intake of the patients
For each of the patient, his nutritional score was defined as
the number of nutrition whose daily intakes were no less
than the reference values. The stepwise regression analysis
was conducted with the dependent variable as the patient’s
nutritional score and independent variables as sex (male 1,
female 2), age, education (primary school 1, middle school
2, high school 3 and university 4), family income, way of
operation (total gastrectomy 1, partial gastrectomy 2), times
of meals a day and exercise (no 1, sometimes 2 and often 3).
At the significance level  = 0.05, the factors influencing
the nutritional status of the patients were age, family income,
way of operation, times of meals a day and exercise (Table 5).
According to the standard parameter estimate, times of
meals a day had the most effect on the patients’ nutritional
status, and then in turn were family income, way of

Table 6 Means of daily nutrition intake by way of operation
Total gastrectomy
Nutrition

Calorie (kJ)
Protein (g)
Calcium (mg)
Iron (mg)
Zinc (mg)
Selenium (g)
Thiamine (mg)
Riboflavin (mg)
Niacin (mg)
Vitamin C (mg)

Times of meals
(d) ≤3 (n = 44)

Times of meals
(d) ≥4 (n = 41)

5 553.66
46.26
406.13
15.13
10.11
20.36
1.17
1.09
9.71
57.41

7 394.73
65.04
536.43
22.03
14.11
26.76
1.63
1.43
14.16
88.66

Partial
gastrectomy
(n = 200)
7 759.08
67.39
548.50
22.06
14.03
26.10
1.72
1.55
14.17
89.35

The patients who underwent total gastrectomy were
grouped by the times of meals a day: one group had the
times of meals a day less than or equal to three, and the
other group had the times of meals a day more than or
equal to four. The means of daily nutrition intake for both
the groups of the patients and for the patients who
underwent partial gastrectomy were shown in Table 6. From
Table 6, we could see that means of daily nutrition intake
in the total gastrectomy group which had the times of meals

Tian J et al. Nutritional status and quality of life of the gastric cancer patients

a day more than four were close to those in the patients
who underwent partial gastrectomy, which suggested that
although the way of operation was the factor influencing
the patient’s nutritional status, the differences of daily
nutrition intake between total gastrectomy and partial
gastrectomy patients could be decreased by increasing the
times of every day meals. Now that 62.11% of the patients
had their meals no more than three times a day in our
sample, increasing times of every day meals might be with
great potential for improving the nutritional status of the
stomach cancer patients in Changle County.

DISCUSSION
The results of our earlier research showed that the patients
who often noticed to increase nutritious food in their diet
had a better quality of life. However, the results of the
researches on relationship between nutrition and quality of
life were not consistent. Most of the researchers suggested
that nutritional status of the cancer patients impacted on
their quality of life[8,9,12,16-18]. Some researchers suggested that
although cancer stage was the major determinant of patients’
quality of life, nutritional deterioration combined with
deficiencies in nutritional intake might be more important
factors for the quality of life of the cancer patients[8]. Nutrient
depletion adversely affects immune function, the patient’s
enjoyableness and social interactions with family and friends,
which can further depress appetite[9]. Low hemoglobin levels
were associated with fatigue, poor overall quality of life
and decreased ability to work. Interventions that reverse
fatigue and other anemia-related symptoms should have a
positive effect on the quality of life[11]. However, some
researchers have not found the statistical differences of
the quality of life among the cancer patients with variant
nutritional status, and there were little correlation between
the quality of life and malnutrition[19-21]. In our present
research, the results showed that the daily nutrition intake
was different among the patients with variant quality of
life, and it was positively correlated with the quality of life.
Our results showed that the stomach cancer patients in
Changle County had a low nutrition intake. Most of them
had a far lower daily nutrition intake than the reference
values proposed by the Chinese Nutrition Society, especially
for calorie and protein. Nutritional intake was associated
with nutritional status of the cancer patients[22], so it could
be inferred that the nutritional status of the stomach cancer
patients in Changle County was bad. Some researchers have
suggested that malnutrition has a significant impact on the
survival of the cancer patients, and malnourished patients
have depressed immune systems, which lead to unimpeded
tumor growth[22]. Besides, under-nutrition or cachexia was
the major cause of death in 1% of cancer patients[23,24] .
Some researches on the survival of the head and neck
cancer patients showed that patients supplemented with
nutrition not only had a better quality of life[25], but tended
to live longer also[22,26]. Protein-calorie malnutrition influenced
functional status (eating, personal hygiene and toilet use)
and psychosocial well being (initiative or involvement,
unsettled relationships and past roles)[16,25-30]. The stomach
cancer patients often have many difficulties in eating because
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of the operation, and disease and treatment make them
lose appetite also, so the nutritional status of the stomach
cancer patients is not good in general. Therefore, communal
care for the stomach cancer patients is especially important.
The health care services in the community should offer
nutritional counseling to the patients and their nursing staff,
encourage the patients to eat more than three times every
day and have a balanced diet with emphasis on high-protein,
high-calorie foods.
In summary, our data obtained by epidemiological survey
have shown that the nutritional status of the operated
patients with stomach cancer may impact on their quality
of life. The stomach cancer patients in Changle County
have a low level of daily nutrition intake, which suggests
that they have a bad nutritional status. To improve the quality
of life of the patients, the nutrition intervention should be
conducted. Increasing times of meals a day and having highprotein, high-calorie foods can improve the nutritional status
of the stomach cancer patients. Moreover, exercise for
rehabilitation can whet the appetite of the patients and
recover their body function, which in turn may improve
the quality of life of the stomach cancer patients.
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Abstract
AIM: While colorectal cancer (CRC) is an ideal target for
population screening, physician and patient attitudes
contribute to low levels of screening uptake. This study
was carried out to find feasible economic strategies to
improve the CRC screening compliance in Korea.
METHODS: The natural history of a simulated cohort of
50-year-old Korean in the general population was modeled
with CRC screening until the age of 80 years. Cases of
positive results were worked up with colonoscopy. After
polypectomy, colonoscopy was repeated every 3 years.
Baseline screening compliance without insurance coverage
by the national health insurance (NHI) was assumed to
be 30%. If NHI covered the CRC screening or the
reimbursement of screening to physicians increased, the
compliance was assumed to increase. We evaluated 16
different CRC screening strategies based on Markov model.
RESULTS: When the NHI did not cover the screening and
compliance was 30%, non-dominated strategies were
colonoscopy every 5 years (COL5) and colonoscopy every
3 years (COL3). In all scenarios of various compliance
rates with raised coverage of the NHI and increased
reimbursement of colonoscopy, COL10, COL5 and COL3
were non-dominated strategies, and COL10 had lower or
minimal incremental medical cost and financial burden
on the NHI than the strategy of no screening. These results
were stable with sensitivity analyses.
CONCLUSION: Economic strategies for promoting
screening compliance can be accompanied by expanding
insurance coverage by the NHI and by increasing
reimbursement for CRC screening to providers. COL10
was a cost-effective and cost saving screening strategy
for CRC in Korea.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Korea is known to be a low-risk area for colorectal cancer
(CRC), but the incidence has been rapidly increasing during
the last decade. From 1987 to 1996, the age-standardized
mortality rate for CRC has roughly doubled from 8.7 to
16.5 per 100 000 for men and 6.3 to 14.3 per 100 000 for
women[1]. Screening for CRC reduces mortality through
detection of malignancy at an earlier, more treatable stage
as well as by identification and removal of precursor lesion,
the adenomatou s polyp [2] . R ecent panel in Korea
recommends that an average-risk individual should begin
CRC screening at the age of 50 with one of the two following
guidelines[3] : 1. Colonoscopy (COL) every 5-10 years. 2.
Flexible sigmoidoscopy (SIG) and double-contrast barium
enema (DCBE) every 5 years.
However, these recommendations condoned by expert
panels, were not based on economic evaluation. CRC
screening tests vary considerably in terms of their
performance characteristics, complication rates, acceptability
and cost. Especially the cost structure for reimbursement
of CRC screening and treatment in Korea is different from
that in other countries. Colonoscopy, sigmoidoscopy and
DCBE for CRC screening are not covered by national health
insurance (NHI) scheme in Korea. Previous studies have
demonstrated that out-of-pocket payment was a barrier to
cancer screening and health insurance was an important
determinant of the utilization of cancer screening[4,5]. In
addition, physician’s noncompliance with screening
recommendation was known to be a major barrier to
effective CRC control [6]. Perceived inadequacy of the
reimbursement of colonoscopy or sigmoidoscopy was one
of the factors affecting physician’s compliance[7].
To improve the physician and patient compliance for
CRC screening, some reports have demonstrated that the
third-party payer should remove financial barriers by
providing insurance coverage and raising reimbursement
of CRC screening to physicians[8]. However, Korean NHI
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has experienced an annual deficit since 1997 and fiscal
stability is a major concern[9] . At the current status, new
national policy on screening should not put financial burden
on the Korean NHI system and needs to take into account
economic consequences.
To suggest a feasible economic model to improve the
compliance by raising insurance coverage and reimbursement
without increasing financial burden on the NHI, we
constructed a decision-analytic model to evaluate the costeffectiveness of CRC screening for average-risk Korean
individuals.

MATERIALS AND METHODS
Model
The natural history of a simulated cohort of 50-year-old
Koreans in the general population was modeled with and
without CRC screening until the age of 80 years (Figure 1).
We evaluated 16 different screening strategies with Markov
model. Persons representative of the 50-year-old Korean
population were placed into health states defined by the
presence or absence of a polyp or cancer (early or advanced).
Cases of positive screening test results were worked up
with a colonoscopy, and individuals diagnosed with polyp
underwent polypectomy. Colonoscopy was repeated every
3 years for surveillance after polypectomy[10]. The probability
of perforation was assigned to DCBE, SIG, COL and
polypectomy[11-13]. Mortality caused by the risk of perforation
was assumed to be 0.02%[13,14].
Our main outcome measures were discounted lifetime
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costs, life expectancy, lifetime NHI’s financial burden and
incremental cost-effectiveness ratio (ICER), which were
compared for 16 different CRC screening strategies.
Incremental cost-effectiveness analysis was performed by
ranking the 16 strategies in the order of increasing
effectiveness. After eliminating strategies, that were more
or equally costly and less effective than a competing strategy
(i.e., ruled out by simple dominance), we calculated the ICER
for each strategy (additional cost divided by additional
benefit) compared with the next least expensive strategy. If
a strategy was less effective and had a higher ICER than
another strategy, it was ruled out by extended dominance[15].
Strategies exhibiting extended dominance were eliminated
from the rank-ordered list, and ICERs of the remaining
strategies were recalculated. Future costs and life-years were
discounted at an annual rate of 3%. The model was
programmed in DATA Pro 4.0 software (TreeAge Software
Inc., Williamstown, MA).
Clinical data
Natural history of colorectal polyps and cancer Table 1
showed selected parameter estimates. We estimated the agespecific prevalence of adenomatous polyps from previous
studies in Korea[3,16]. The incidence of polyp is assumed to
be constant calibrated with the two prevalence rates between
age 50 and 65. The probability of transformation from
polyp to cancer was estimated from the study of patients
who refused the resection of polyp[17]. We assumed that the
longer the duration of polyp, the greater the probability of
transformation from polyp to cancer.

Colorectal cancer screening
Positive

Negative

Colonoscopy

Negative

no
False
negative

Death from
other disease

Normal

3 yr later
Early colon
cancer

Late colon
cancer

yes

Polyp
Polypectomy

Symptom

yes
Treatment

Treatment

Further
examination

Survival

Death from
colon cancer

Figure 1 Markov model of colorectal cancer screening. The ovals represent Markov states in which patients remain for at least full 1-year
cycle. The squares represent intermediate states of screening procedures, in which patients may enter and leave during one cycle. The
arrows represent transitions between various states.
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Table 1 Summary of assumption

Sensitivity and specificity
of screening and diagnosis

Natural history of
polyp/cancer sequence

Complications and
unintended consequences

Cost (won1)

1

Parameter

Base case value

Reference

Sensitivity of FOBT for polyps/cancer
Sensitivity of colonoscopy for polyps/cancer
Sensitivity of colon study for polyps/cancer
Sensitivity of sigmoidoscopy for polyps/cancer
Specificity of FOBT
Specificity of colonoscopy
Specificity of colon study
Specificity of sigmoidoscopy
Prevalence of polyps at age 50
Annual polyp incidence rate
Percent of cancers originating as polyps
Annual cancer incidence of polyp whose duration is below 5 yr
Annual cancer incidence of polyp whose duration is from 5 to 10 yr
Annual cancer incidence of polyp whose duration is above 10 yr
Dwelling time of cancer in early stages
Percent of cancers detected in early stages with no screening
Five-year all cause survival for early cancer
Five-year all cause survival for advanced cancer
Polyp recurrence rate after polypectomy in the first year
Polyp recurrence rate after polypectomy thereafter
Rate of perforation of colon in colonoscopy
Rate of perforation of colon in polypectomy
Rate of perforation from sigmoidoscopy
Rate of perforation from colon study
Death rate from perforated colon
Sigmoidoscopy
Colonoscopy
Colon study
FOBT
Polypectomy
Biopsy
Treatment of early cancer for first year
Treatment of advanced cancer for first year
Treatment of cancer after first year
Treatment of colonic perforation

0.1/0.5
0.85/0.97
0.5/0.8
0.67
0.9
1
0.9
1
0.25
0.005
100%
0.005
0.01
0.016
2 yr
5%
90%
54%
0.11
0.03
0.002
0.004
0.0001
0.00005
0.002
26 620
52 560
58 600
2 290
134 600
24 160
5 150 000
10 300 000
2 164 000
3 000 000

[15], [28], [29], [30]
[2], [31], [32]
[2], [33], [34]
[1], [2], [31], [32]
[15], [28], [29], [30]
[2], [31], [32]
[2], [33], [34]
[2], [31], [32]
[13], [36]
[13], [36]
[37], [38]
[17], [39], [40], [41]
[17], [39], [40], [41]
[17], [39], [40], [41]
[29], [42]
[21]
[21], [20]
[20], [21], [23]
[2], [3]
[2], [3]
[12], [13]
[12], [13]
[12], [13]
[7]
[16], [17]
[24]
[24]
[24]
[24]
[24]
[24]
[3], [17], [23]
[3], [17], [23]
[3], [17], [23]
[3]

Exchange rate: 1200 Korean won for one US dollar.

We defined early stage cancer as modified Duke’s stage
A and advanced stage as modified Duke’s stage B-D[18,19].
The latent period between early stage and advanced stage
was assumed to be 2 years[14]. The stage-specific CRC
mortality was applied uniformly to all malignancies, regardless
of the means of detection (by symptoms or screen) or the
state of detection (diagnose vs undiagnose cancer). Fiveyear survival rates from previous studies were used for the
yearly probability of dying from CRC based on the stage
and number of years with cancer[20,21]. Age-specific mortality
from other causes was estimated, based on the above source
combined with statistics published by the National Center
for Health Statistics[22].
Cost
We obtained the data on the costs of CRC treatment by
stage and time period from the National Health Insurance
Corporation (social insurer of the NHI with a universal
coverage of population)[23]. However, the co-payment that
patients pay at the point of service amounts to about 50%
of the total medical expenses of CRC treatment in Korea[3,9].
Therefore, the total medical cost of CRC treatment was
assumed to be twice the expense that the NHI reimburses.
Costs of screening test were obtained from the fee schedule
of the National Health Insurance Corporation (the NHI
of Korea has a fee schedule applied to all insured services)[24].

Compliance and screening cost
Compliance rates of 50-70% were obtained in the optimized
setting of clinical trials of CRC screening[2]. However,
colonoscopy, sigmoidoscopy and DCBE for CRC screening
are not covered by the NHI in Korea. Therefore, the
compliance is likely to be lower than that in other countries
where CRC screening is covered by health insurance. At
each particular screening event without NHI benefit
coverage, we assumed that 30% of population underwent
the initial screening test, independent of whether they were
compliant with past tests. The compliance of follow-up or
surveillance colonoscopy was assumed to be 20% higher
than that of the initial screening.
If the NHI covered the CRC screening or the amount
of reimbursement for screening to providers increased, the
compliance was assumed to increase. If the NHI covered
50% and 100% of screening cost, the compliance was
assumed to be 15% and 30% higher than that in case of
non-coverage respectively, by reducing the financial barrier
of patients. The Korean Medical Association had insisted
that current reimbursement of colonoscopy to physicians
was too low and the appropriate level should be 60% higher
than the current level [25]. An increase in colonoscopy
reimbursement, to 60% higher than the current level, was
assumed to lead to 10% increase in the compliance due to
financial incentives for physicians.
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As there were no data available on the compliance
changes resulting from the change in insurance coverage or
reimbursement level, we performed sensitivity analysis to
assess the stability of the results to plausible ranges of
compliances. The compliance rate was set to vary from
10% lower to 10% higher than the baseline value.

RESULTS
In the base-case analysis at 30% screening compliance
without NHI coverage, all screening strategies extended life
expectancy. And the strategies which were not ruled out by
simple dominance or extended dominance (non-dominated
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strategies) were colonoscopy every 5 years (COL5) and
colonoscopy every 3 years (COL3). The screening strategies
with colonoscopy or sigmoidoscopy showed lower total
medical cost and lower financial burden on the NHI than
the strategy of no screening (Table 2).
If the NHI covered 50% of the screening cost and the
screening compliance was 45%, non-dominated strategies
were colonoscopy every 10 years (COL10), COL5 and
COL3. As the coverage of NHI increased, the financial
burden on NHI increased. Nevertheless, the financial burden
on the NHI associated with COL10 was smaller than that
associated with no screening (Table 3). In the case that NHI
covered 100% of screening cost, non-dominated strategies

Table 2 Cost-effectiveness of 16 strategies of colorectal screening among Korean adults without NHI coverage (NHI a coverage = 0%,
screening compliance = 30%, follow-up compliance = 50%)
Strategy
(abbreviation)
COL5
COL3
COL10
COL at 55
SIG3
SIG5
SIG10
SIG at 55
SIG5+DCBE5
No screening
FOBT2
FOBT1+SIG5
FOBT1
DCBE10
DCBE5
DCBE3

Lifetime cost per
person, won2
311 682
313 877
321 407
336 367
346 903
352 290
356 222
359 939
368 560
370 726
375 772
384 709
387 912
390 767
410 554
435 775

Life expectancy,
cost per day
6 176.1
6 181.1
6 171.7
6 167.9
6 172.4
6 167.9
6 165.8
6 164.4
6 168.1
6 161.9
6 165.5
6 169.7
6 168.1
6 164.1
6 165.3
6 169.3

Incremental
person, won2

2 195
7 530
22 490
33 026
38 413
42 345
46 062
54 683
56 849
61 894
70 832
74 035
76 890
96 677
121 898

Incremental days
of life gained

Lifetime financial
burden of NHI1, won2
139 043
128 757
151 394
164 547
155 607
164 996
171 689
177 231
165 557
185 236
187 015
187 443
192 309
177 826
174 392
169 661

5.0

Incremental C/E3, won2
per life-year gained

160 965
(Dominated)4
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)

COL, colonoscopy; SIG, sigmoidoscopy; DCBE, double contrast barium enema; FOBT, fecal occult blood test. Ellipses indicate no data (incremental days or life
gained and incremental CE ratio were not calculated for these strategies because they were dominated or extended dominated). 1National Health Insurance of
Korea. 2Exchange rate: 1200 Korean won for one US dollar. 3Incremental CE ratio (won/year) = Incremental cost per person/Incremental days of life gained×365
d. 4Dominated strategy is a strategy that is more or equally costly and less effective than a competing strategy.

Table 3 Cost-effectiveness of 16 strategies of colorectal screening among Korean adults with changing NHI 1 coverage and compliance
Strategy
(abbreviation)

Lifetime
cost per
person, won2

Lifetime
financial burden
of NHI1, won2

Incremental
C/E3, won2 per
life-year gained

Strategy
(abbreviation)

NHI1 coverage = 50%
Screening compliance = 45%,
Follow-up compliance = 65%
COL10
COL5
COL at 55
SIG3
SIG5
COL3
SIG10
SIG at 55
SIG5+DCBE5
No screening
FOBT2
FOBT1+SIG5
FOBT1
DCBE10
DCBE5
DCBE3

310 354
311 640
321 624
328 365
332 244
336 101
339 760
347 179
369 225
370 847
373 988
380 512
388 456
394 938
420 550
455 758

178 233
188 051
172 824
197 511
191 881
207 072
186 587
181 334
213 205
185 499
208 794
238 067
234 316
209 420
229 974
255 914

Lifetime cost per
Lifetime
person, won2
financial burden
of NHI1, won2

Incremental
C/E3, won2 per
life-year gained

NHI1 coverage = 100%
Screening compliance = 60%,
Follow-up compliance = 80%

93 440
(Dominated)4
(Dominated)
(Dominated)
2 113 350
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)

COL10
COL at 55
SIG5
SIG10
SIG3
COL5
SIG at 55
FOBT2
No screening
COL3
FOBT1+SIG5
SIG5+DCBE5
FOBT1
DCBE10
DCBE5
DCBE3

307 395
308 933
316 541
321 728
323 691
325 435
330 560
370 827
370 968
374 192
382 870
383 934
389 668
397 017
429 376
478 144

226 848
192 405
235 951
214 095
261 056
267 054
191 573
216 521
185 809
323 357
277 687
303 581
248 595
260 523
316 022
384 805

(Dominated)
(Dominated)
(Dominated)
(Extended Dominated)5
1 371 670
(Dominated)
(Dominated)
(Dominated)
5 656 770
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)
(Dominated)

COL, colonoscopy; SIG, sigmoidoscopy; DCBE, double contrast barium enema; FOBT, fecal occult blood test. 1National Health Insurance of Korea. 2Exchange rate:
1 200 Korean won for one US dollar. 3Incremental CE ratio (won/year) = Incremental cost per person/incremental days of life gained×365 d. 4Dominated strategy
is a strategy that is more or equally costly and less effective than a competing strategy. 5Extended dominated: Extended dominated strategy is a strategy which
is less effective and had a higher ICER than another strategy.
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Table 4 Cost-effectiveness of 16 strategies of colorectal screening among Korean adults with raising reimbursement of colonoscopy to 60%
higher than current level (Cost of colonoscopy = 85 000 won1, NHI2 coverage = 50% screening compliance = 55%, follow-up compliance = 75%)
Strategy
(abbreviation)

Lifetime cost per
person, won1

Life
expectancy, day

Lifetime financial
burden of NHI2, won1

Incremental C/E3, won1
per life-year gained

COL at 55

339 486

6 173.1

184 815

SIG at 55
COL10

353 851
362 230

6 169.0
6 179.1

182 912
208 801

(Dominated)4
1 401 600

SIG10

364 257

6 173.3

192 838

(Dominated)

No screening

371 238

6 161.9

185 704

(Dominated)

SIG5
FOBT2

377 039
384 067

6 178.0
6 170.8

201 390
219 587

(Dominated)
(Dominated)

SIG3

399 919

6 183.0

210 271

(Extended dominated) 5

COL5

402 824

6 184.0

238 433

2 992 270

FOBT1
DCBE10

409 771
410 690

6 176.2
6 169.1

254 521
221 430

(Dominated)
(Dominated)

FOBT1+SIG5

426 305

6 180.8

262 952

(Dominated)

SIG5+DCBE5

435 850

6 178.8

235 034

(Dominated)

DCBE5
COL3

448 356
474 893

6 173.0
6 187.5

249 784
281 257

(Dominated)
7 487 245

DCBE3

499 560

6 178.5

284 941

(Dominated)

COL, colonoscopy; SIG, sigmoidoscopy; DCBE, double contrast barium enema; FOBT, fecal occult blood test. Current level of colonoscopy cost in Korea is about
53 000 won. 1Exchange rate: 1 200 Korean won for one US dollar. 2National Health Insurance of Korea. 3Incremental CE ratio (won/year) = incremental cost per
person/incremental days of life gained×365 d. 4Dominated strategy is a strategy that is more or equally costly and less effective than a competing strategy.
5
Extended dominated: Extended dominated strategy is a strategy which is less effective and had a higher ICER than another strategy.

were COL10, COL5 and COL3, but theses strategies showed
greater financial burden on the NHI than the strategy of
no screening did (Table 3).
When the reimbursement of colonoscopy was 60%
higher than the current level, along with 50% coverage of
screening cost by the NHI and the compliance rate of 55%,
non-dominated strategies were COL at age 55, COL10,
COL5 and COL3. Total medical costs of COL at age 55
and COL10 were less than that associated with no screening.
In addition, the NHI’s financial burden in case of COL at
55 was lower than that of no screening, and COL10 had
relatively low incremental burden on the financial status of
the NHI (Table 4).
Results of sensitivity analyses consistently showed the
dominance of colonoscopy. In all cases, COL10, COL5
and COL3 were non-dominated strategies. When the
reimbursement of colonoscopy was 60% higher than the
current level, along with NHI’s 50% coverage of screening
cost and the compliance rate of 65%, COL10 had slightly
higher total medical cost than no screening. In other cases,
total medical cost of COL10 was lower than that of no
screening, and NHI’s financial burden associated with
COL10 was lower or slightly higher than that of no
screening. In all scenarios of various compliance rates,
COL10, COL5 and COL3 were non-dominated strategies,
and COL10 had lower or minimal incremental total medical
cost and NHI’s financial burden than the strategy of no
screening.

DISCUSSION
We compared 16 strategies for CRC screening, varying in
the level of insurance coverage and reimbursement of
colonoscopy by NHI to providers. In all scenarios, COL
every 10 years, 5 years and 3 years were not ruled out by
either simple or extended dominance, and COL every 10 years

was associated with lower total medical cost than the strategy
of no screening.
Public awareness of the importance of CRC screening
is increasing although the rate of screening remains low[8].
Previous studies have shown that the cost was a barrier to
cancer screening[4,26] . Removing the financial barrier by
providing insurance coverage is one of the effective methods
to raise the screening compliance, but the financial burden
on the NHI can be increasing as well. In other countries,
screening for CRC usually leads to greater life expectancy
but is more costly than no screening. Interestingly, in our
study of Korea, COL every 10 years has lower total medical
cost than the case of no screening. This difference might
be due to the difference in cost structure. In the US,
published cost estimates for the medical care of patients
with CRC range from $25 000 to $45 000 and the cost of
COL is approximately $1 000[14]. In Korea, the cost estimate
of CRC treatment in the first year ranges from $5 000 to
$10 000 and the cost of COL was approximately $50[23,24].
The ratio of treatment cost to COL cost ranges from 25:1
to 45:1 in the US and 100:1 to 200:1 in Korea. Since the
cost of COL is relatively low in Korea, the screening is
more cost-effective than in the US.
In Korea, the government started the national cancerscreening program (NCSP) in 1999, which included CRC
screening in 2004. The government covers 50% of the
screening cost for the insured and 100% for the low-income
people. The primary method for CRC screening in NCSP
is FOBT. Our study shows that the strategy of ‘FOBT
annually’ costs more and carries heavier burden on NHI
than the strategy of no screening, while COL every 10 years
is less costly than no screening. These results suggest that
COL every 10 years can be recommended as a primary
screening strategy for CRC in NCSP. However, if COL is
to be promoted as a screening tool, there must be sufficient
manpower to deliver colonoscopy to the public. Unfortunately,
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there are only a few medical endoscopists available to
undertake COL in Korea. Korean physicians insist that they
are not willing to contribute to increase in CRC screening
rate because of low reimbursement of COL [25]. Some
surveys indicate that strong recommendation from the
physician is highly correlated with patient participation in
CRC screening [27]. Therefore, raising reimbursement rate
for CRC screening to physicians can be effective in changing
their behavior, which will eventually improve compliance
rate. Our model shows that when the reimbursement for
COL increases up to 85 000 (Korean) won, which is 60%
higher than the current level, along with NHI’s 50%
coverage of screening cost, COL every 10 years or 5 years
not only has lower total medical cost and lower financial
burden on the NHI, but also improves lifetime expectancy
than FOBT annually (Table 4). In addition, the total medical
cost of COL every 10 years was lower than that of no
screening in Korea. More investment in CRC screening is
ideal because it reduces the cost of conventional treatment
and extends life expectancy. Health policy makers should
understand the need to train medical, and possibly even
non-medical, personnel to perform endoscopy and to find
an effective policy to lead physicians to perfor m
colonoscopy[26].
Our analysis has several limitations. In the design of the
model, we tried to reduce the complex natural history of
CRC to a few essential states and to avoid assumptions on
treatments for which little or no published data existed. For
instance, we assumed that all cancers arose from polyps.
And we used data from western countries if there were no
published data available in Asia. There were possible
differences between the races. Finally, we calculated only
the direct costs and did not take into account the impact of
CRC and screening on indirect costs.
In our conclusion, economic strategies for promoting
screening compliance can be accompanied by expanding
insurance coverage by the NHI and by increasing
reimbursement for CRC screening to providers. And COL
every 10 years is a cost-effective and cost saving screening
strategy for CRC in Korea.
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Abstract
AIM: To investigate the polymorphisms of interleukin-18
(IL-18) gene promoters, and to disclose whether such
polymorphisms are associated with susceptibility to chronic
hepatitis B in Chinese Han population.
METHODS: Using polymerase chain reaction with
sequence specific primers (PCR-SSP) method, the single
nucleotide polymorphisms (SNPs) of the promoter region
of IL-18 gene at position -607 and -137 were detected in
231 patients with chronic hepatitis B and 300 normal
controls.
RESULTS: Allele C at position -607 in the promoter of
IL-18 gene was detected in 48.7% of normal controls and
51.9% of patients, while allele A at position -607 was
detected in 51.3% of normal controls and 48.1% of
patients. The frequencies of -607CC, -607 CA and -607AA
genotypes in normal controls were 22.0%, 53.3% and
24.7% respectively and in chronic hepatitis B patients
were 26.8%, 50.2% and 23.0% respectively. Allele G at
position -137 in the promoter of IL-18 gene was detected
in 82.3% of normal controls and 88.5% of chronic hepatitis
B patients, while allele C at position -137 was detected in
17.7% of normal controls and 11.5% of patients. The
frequencies of -137GG, GC and CC genotype were 67.3%,
30.0% and 2.7% in normal controls respectively, while in
chronic hepatitis B patients were 78.8%, 19.5% and
1.7% respectively. The frequency of -137GG genotype in
chronic hepatitis B groups was significantly higher than
that in normal controls (2 = 8.55, P = 0.003 <0.05),
whereas the frequencies of -607C/-137C and -607A/-137C
haplotypes in chronic hepatitis B groups were significantly
lower than that in normal controls. The association
between genotypes of IL-18 promoter region polymorphisms
and HBV copies showed that the frequency of -607AA
genotype in high HBV-DNA copies groups was lower than

that in low HBV-DNA copies groups (2 = 6.03, P = 0.014
<0.05).
CONCLUSION: The polymorphisms of the promoter
region of IL-18 gene at position -607 and -137 are closely
associated with susceptibility to chronic hepatitis B. The
people with allele C at position -137 in the promoter of
IL-18 gene may be protected against HBV infection;
moreover AA genotype at position -607 may be closely
linked to inhibit HBV-DNA replication. These findings give
some new clues to the study of pathogenesis of chronic
hepatitis B.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is one of the most important
chronic viral diseases in the world. An estimated 400 million
people worldwide are carriers of HBV, and approximately
250 000 deaths occur each year as a consequence of
fulminant hepatic failure, cirrhosis and hepatocellular
carcinoma[1,2]. When HBV is acquired in adulthood, the
majority of infections are cleared, with chronic infection
occurring in 5-10% of cases. However, the dynamic
interaction of the host inflammatory response with HBV
and the subsequent impact of this interaction on the clinical
outcome of HBV infection, are not yet fully understood,
nor are the underlying mechanisms for the persistence of
the virus. But it has been thought that genetic associations
may also provide clues to the development of HBV infection.
Some polymorphisms have been reported to be involved in
susceptibility to chronic hepatitis B, in disease severity and
progression, or in disease prognosis[3-5].
Several recent advances concerning the polymorphism
of cytokines controlling the host response could play an
important role in determining HBV infection outcome[6,7].
Being involved in the proinflammatory cytokine network,
interleukin-18 (IL-18) is a novel cytokine that is mainly
produced by activated macrophages and, like interleukin-12
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(IL-12), is able to induce interferon-gamma (IFN-gamma)
and tumor necrosis factor-alpha (TNF-alpha) induction, as
well as enhancing the cytotoxicity of NK cells and FasL
expression[8-10]. Clinical research showed that there was a
correlation between the levels of serum IL-18 and disease
severity in patients with viral hepatitis B[11] . Meanwhile,
in vitro IL-18 can improve the peripheral blood monocytes
from chronic hepatitis B patients to produce a great deal
of IFN-gamma. These findings indicate the evidence of an
association between susceptibility to chronic hepatitis B and
IL-18 gene. Three single nucleotide polymorphisms (SNPs)
in the promoter of IL-18 gene at the position -656G/T,
-607C/A and -137G/C have been identified, and the two
SNPs at position -607C/A and -137G/C in the promoter
were predicted to be nuclear factor binding sites for cAMPresponsive element binding protein and H4TF-1 nuclear
factor, respectively; moreover mutation of the two sites
can influence the expression of IL-18 and also potentially
of IFN-gamma[12]. In order to investigate the possible roles
of the SNPs of IL-18 gene promoter region in the
development and progression of chronic hepatitis B, we
genotyped 231 patients with chronic hepatitis B and 300
control subjects for two IL-18 SNPs, using polymerase
chain reaction with sequence specific primers (PCR-SSP)
method.

MATERIALS AND METHODS
Subjects
A total of 231 unrelated Chinese subjects with chronic
hepatitis B (156 males, 75 females) aged 5-82 years were
recruited in Remin Hospital of Wuhan University. The
diagnosis of all the patients was confirmed according to
the criteria for chronic hepatitis B[13,14], and the patients did
not have other viral hepatitis. Three hundred control subjects
(183 males, 117 females) aged 18-81 years were randomly
selected in Wuhan area, China during the same period, with
definitely negative for HBsAg, anti-HBe and anti-HBc and
with no history of HBV vaccination. They did not have
any abnormalities based on physical examination, chest
radiography, electrocardiogram, urinalysis and routine
laboratory blood testing. Liver, renal, endocrine and
cardiovascular disorders were excluded. All the subjects were
Chinese Han people and they were recruited with their
informed consent for genetic analysis.
Specimens preparation
Two microliters of peripheral venous blood were drawn
from all the subjects after an overnight fasting and collected
in an EDTA tube. Genomic DNA was extracted from
peripheral blood leukocytes with standard techniques and
frozen at -20 ℃.
Determination of the IL-18 genotypes
Polymorphisms were analyzed by using PCR-SSP, at the
position -607 and -137 in the promoter of IL-18 gene[12] .
For the position -607C/A-specific PCR, a common reverse
primer 5’-TAACCTCATTCAGGACTTCC-3’ and two
sequence-specific forward primers 5’-GTTGCAGAAA
GTGTAAAAATTATTAC-3’ and 5’-GTTGCAGAAAG
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TGTAAAAATTATTAA-3’ were used. An amplification
product of 196 bp was detected. A control forward primer
5’-CTTTGCTATCATTCCAGGAA-3’ was used to amplify
a 301-bp fragment covering the polymorphic site as an
internal positive amplification control. PCR reaction was
performed in a final volume of 15 L consisting of 1.5 L
10× PCR buffer, 0.2 mmol/L dNTP, 30 ng genomic DNA
and 0.5 U Taq polymerase. One sequence specific primer
(for allele C or allele A) and the common reverse primer
were included in every reaction mixture at a concentration
of 0.6 mol/L. In addition, the internal position control
primer was added to the reaction mixture at a concentration
of 0.15 mol/L. Therefore, two PCR reactions were
performed for every individual DNA.
Reactions were carried out in a GenAmp PCR system
2 700 thermal cycler. At the first step, denaturation for
2 min at 94 ℃ was performed, followed by seven cycles of
94 ℃ for 20 s, 64 ℃ for 40 s and 72 ℃ for 40 s and 25
cycles 94 ℃ for 20 s, 57 ℃ for 40 s, 72 ℃ for 40 s and
72 ℃ for 5 min. PCR products were visualized by 2%
agarose gel electrophoresis stained by ethidium bromide.
For the -137 genotyping, a common reverse primer 5’AGGAGGGCAAAATG CACTGG-3’ and two sequencespecific forward primers 5’-CCCCAACTTTTACGGAA
GAAAAG-3’ and 5’-CCCCAACTTTTACGGAAGAAAAC3’ were used. An amplification product of 261 bp was
detected. A control forward primer 5’-CCAATAGGAC
TGATTAT TCCGCA-3’ was used to amplify a 446-bp
fragment covering the polymorphic site to serve as an
internal positive amplification control. PCR reaction was
performed in a final volume of 15 L consisting of 1.5 L
10× PCR buffer, 0.2 mmol/L dNTP, 30 ng genomic
DNA and 0.5 U Taq polymerase. Concentrations were of
0.3 mol/L of the control primer and 0.5 mol/L of the
reverse primer and sequence-specific primers used. At the
first PCR step, denaturation for 2 min at 94 ℃ was
performed, followed by five cycles of 94 ℃ for 20 s, 68 ℃
for 1 min and 25 cycles of 94 ℃ for 20 s, 62 ℃ for 40 s,
72 ℃ for 40 s and 72 ℃ for 5 min.
HBV-DNAmeasurement
Serum HBV-DNA levels in patients with chronic hepatitis
B were detected with the real-time fluorescent quantitative
PCR method (reagents supplied by Shanghai Fosun Co. Ltd)
using a Lightcycler PCR system. Results were considered
abnormal when HBV-DNA >1×103 copies/mL.
Statistical analysis
The frequencies of genotypes and alleles in the promoter
region of IL-18 gene at position -607 and -137 were
calculated by counting. Data were analyzed with SPSS11.5
software and the Hardy-Weinberg equilibrium was
determined by means of the 2 test. Comparison of allelic
and genotypes between groups, and association of -607C/A,
-137G/C polymorphisms with HBV-DNA replication were
examined for statistical significance with 2 test. The odds
ratio (OR) was calculated by means of logistic regression
and the confidence interval (CI) was calculated at the 95%
level. Statistical significance was assumed for P values less
than 0.05.
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RESULTS
Polymorphisms in promoter of the IL-18 gene
Polymorphisms at the position -607 and -137 in the promoter
of IL-18 gene were analyzed by PCR-SSP. In every
polymorphic site, a common reverse primer and two
sequence-specific forward primers were used and two PCR
reactions were performed for every individual DNA. The
specific products of PCR from homozygous individuals
were one DNA segment and from heterozygous individuals
showed the expected two specific fragments. In total, 531
unrelated Chinese subjects were studied for IL-18 promoter
polymorphisms. As shown in Figure 1, there were CC, CA
and AA genotypes at position -607, and GG, GC and CC
genotypes at position -137.
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Table 1 Comparison of IL-18 gene promoter polymorphism between patients with chronic hepatitis B and controls
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Based on genotypes of IL-18 promoter polymorphisms,
haplotype frequencies were estimated by the expectationmaximization method. Four haplotypes of the IL-18
promoter at position -607 and -137 were present in both
patients and controls (haplotypes I, II, III and IV in Table 2).
The frequencies of haplotype I, II, III and IV in the patients
with chronic hepatitis B were 51.7%, 0.2%, 36.8% and
11.3%, respectively. The frequencies of haplotype I, II, III
and IV in the controls were 47.4%, 1.3%, 35.0% and 16.3%,
respectively. The frequencies of haplotype II and IV, which
bear C at -137, in the patients were significantly lower than
that in the health control subjects.
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bp

Volume 11

Control
n = 300 (%)

Patient
n = 231 (%)

2

P

Position -607
Genotypes
CC

66 (22.0)

62 (26.8)

1.67

0.196

CA
AA

160 (53.3)
74 (24.7)

116 (50.2)
53 (23.0)

0.51
0.21

0.476
0.645

C

292 (48.7)

240 (51.9)

1.12

0.842

308 (51.3)

222 (48.1)

250

A
Position -137

100

Genotypes
GG

202 (67.3)

182 (78.8)

8.55

0.003

GC

90 (30.0)

45 (19.5)

7.62

0.006

CC

8 (2.7)

4 (1.7)

0.52

0.472

G

494 (82.3)

409 (88.5)

7.87

0.005

C

106 (17.7)

53 (11.5)

100

2 000
1 000
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500

Figure 1 Genot yping for t he IL-18 position -137 and -607
polymorphisms. M: DL2000 DNA Marker; lanes 1–3: -137 GG, GC
and CC; lanes 4-6: -607 CC, CA and AA.

Frequencies of IL-18 promoter genotypes in both groups
Genotype and allele frequencies for IL-18 polymorphisms
are summarized in Table 1. The genotype frequencies were
in agreement with the Hardy-Weinberg (P>0.1 for all
analyses). As the -607 genotypes, of 231 patients with
chronic hepatitis B, 62 had the CC type (26.8%), 116 the
CA type (50.2%) and 53 the AA (23.0%). Of the 300
control subjects, 66 had the CC type (22.0%), 160 the CA
type (53.3%) and 74 the AA (24.7%). No significant
difference in the genotype distribution or in the allele
frequency between the patients with chronic hepatitis B and
the control subjects was observed. As for the -137 genotypes,
182 of the 231 patients with chronic hepatitis B had the
GG type (78.8%), 45 the GC type (19.5%) and 4 the AA
type (1.7%). Two hundred and two of the 300 control
subjects were type GG (67.3%), 90 were GC (30.0%) and
8 were CC (2.7%). There was a significant difference in the
genotype distribution and in the allele frequency between
the patients with chronic hepatitis B and the control subjects.
In genotypes, the GG type at position -137 was present at a
significantly higher frequency in the patients with chronic
hepatitis B compared to those in the controls. OR of the
GG genotype for the comparison with that of the GC and
the CC genotype was 1.80 (95%CI 1.21-2.68, P = 0.01
<0.05). But in phenotypes, the allele C at -137 was of a
significantly lower frequency in the patients with chronic
hepatitis B than that in the controls (2 = 7.87, P = 0.005
<0.05).

Alleles

Alleles

Table 2 Haplotype frequencies of two interleukin-18 bi-allelic polymorphisms in chronic hepatitis B and health controls
Haplotype -607C/A

-137G/C

Control
n (%)

Patient
n (%)

2

P

I

C

G

284 (47.4)

239 (51.7)

2.02

0.155

II

C

C

8 (1.3)

1 (0.2)

3.87

0.049

III

A

G

210 (35.0)

170 (36.8)

0.37

0.545

IV

A

C

98 (16.3)

52 (11.3)

5.55

0.018

Total

600

462

Association of IL-18 gene promoter polymorphism with HBVDNA replication
For further analysis of the relationship between IL-18 gene
promoter polymorphisms and HBV-DNA replication in patients
with chronic hepatitis B, the patients were divided into two
sub-groups (HBV-DNA <1×103 copies/mL as sub-group I,
HBV-DNA ≥1×103 copies/mL as sub-group II). As shown
in Table 3, the distribution of AA genotype in the IL-18 gene
promoter at position -607 were significantly different between
the two sub-groups (2 = 6.03, P = 0.014 <0.05).

DISCUSSION
Individuals, with an inadequate primary immune response
to HBV, are at increased risk of developing chronic hepatitis
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Table 3 The association between genotypes of IL-18 promoter
region polymorphisms and HBV copies in the chronic hepatitis B
patients
Group I
n = 97 (%)

Group II
n = 134 (%)

2

P

Genotypes
CC

23 (23.7)

39 (29.1)

0.83

0.361

CA

44 (45.4)

72 (53.7)

1.58

0.209

AA

30 (30.9)

23 (17.2)

6.03

0.014

4.14

0.042

0.02 1

0.890

0.01

0.940

Polymorphism
Position -607

Alleles
C

90 (46.4)

150 (56.0)

104 (53.6)

118 (44.0)

Genotypes
GG

76 (78.4)

106 (79.1)

GC

20 (20.6)

25 (18.7)

CC

1 (1.0)

3 (2.2)

172 (88.7)

237 (88.4)

22 (11.3)

31 (11.6)

A
Position -137

Alleles
G
C

Group I: HBV-DNA <1×103 copies/mL; Group II: HBV-DNA ≥1×103 copies/mL.
GG compared with both GC and CC.

B. Age is the strongest host feature associated with chronic
infection with 90% infants and 5-10% of adults developing
chronic hepatitis B after exposure[15,16]. In addition, people
belonging to the same age, sex and ethnical groups were
exposed to the same HBV strain, which could cause a broad
spectrum ranging from no infection to different clinical
outcomes. These data suggest that host genetic factors are
responsible for the clinical outcomes of HBV infection[17] .
Clearance of HBV requires a coordinated innate and
adaptive humoral and cell-mediated immune response.
Cytokines are soluble polypeptide molecules that mediate
cell-to-cell communication and regulate the intensity and
duration of the immune response. Previous studies have
shown that the maximal capacity of cytokine production
varies among individuals and correlates with SNPs in the
promoter region of various cytokine genes. Furthermore,
cytokine gene polymorphisms were associated with liver
disease severity in patients with viral hepatitis B[18-22], which
may provide clues to understand the development of endstage complications such as cirrhosis or hepatocellular
carcinoma. In the present study, we compared the
distributions of IL-18 gene promoter polymorphisms
between patients with chronic B and control subjects.
IL-18 was first described as an IFN-gamma inducing
factor, and has multiple functions including induction of
the synthesis of IFN-gamma by T cells and NK cells,
promotion of Th1-type immune responses, augmentation
of proliferative response and cytokine production of
activated T cells. Meanwhile, IL-18 leads to activities against
pathogens, activate effector cells involved in the cellular
interactions that occur during inflammation, and are part
of the acute and chronic stages of viral hepatitis, induce
target-cells apoptosis[23,24]. Recently, it was reported that
injection of a single 10-g dose of recombinant murine
IL-18 rapidly, reversibly and non-cytopathically inhibited
HBV replication in the livers of HBV transgenic mice. The
anti-viral effect of IL-18 was mediated by its ability to
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activate resident intrahepatic NK cells and T cells to produce
IFN-gamma and by its ability to induce IFN-alpha/beta
production in the liver[25]. These results suggest that IL-18
has the potential to contribute to the control of HBV
replication during self-limited infection and that it may have
therapeutic value for the treatment of patients with chronic
hepatitis. The human IL-18 gene is located on chromosome
11q22.2-q22.3, and is composed of six exons and five
introns[26] . Giedraitis et al [12,27,28] described that there were
three SNPs at position -656G/T, -607C/A and -137G/C
in the promoter of IL-18 gene first exon. A change from C
to A at position -607 disrupts a potential cAMP-responsive
element-binding protein binding site and a change at position
-137 from G to C changes the H4TF-1 nuclear factor binding
site. Cloning and gene expression analysis showed that two
SNPs of the promoter of IL-18 gene at position -607 and
-137 were suggested to cause the differences in transcription
factor binding and have an impact on IL-18 gene activity
and potentially also to IFN-gamma. Potentially, the G/C
polymorphisms at position -137 could play a main role in
the expression of IL-18. Individuals with CC genotype at
position -137 had higher levels of IL-18 mRNA compared
to other genotypes, that had a clear correlation between
IL-18 and IFN-gamma mRNA expression.
In the study, we identified two polymorphisms in the
promoter regions of the IL-18 gene and demonstrated the
association between these polymorphisms and chronic
hepatitis B. The results showed that no significant differences
were seen in the distribution of the genotypes or allelic
frequencies for polymorphisms of IL-18 gene promoter at
position -607 between patients with chronic hepatitis B and
control subjects. However, the genotypes distributions and
allelic frequencies at position -137 in both groups were
statistically different. The genotype frequency of -137GG
in chronic hepatitis B groups was significantly higher than
that in normal controls (2 = 8.55, P = 0.003 <0.05). The
OR was 1.80 for chronic hepatitis B when the genotype at
position -137 was GG. Meanwhile, haplotype frequencies’
distributions suggested that the frequencies of -607C/-137C
and -607A/-137C haplotypes in chronic hepatitis B groups
were significantly lower than that in normal controls. These
results indicated that the carriage of allele C at position
-137 plays a protective role in the development of HBV
infection. Further analysis of the relationship between IL-18
gene promoter polymorphism and HBV-DNA replication
in patients with chronic hepatitis B showed that AA genotype
at position -607 in the IL-18 gene promoter was associated
with HBV-DNA replication (2 = 6.03, P = 0.014 <0.05).
To our knowledge, there is no published study, concerning
the role of the promoter of IL-18 gene in other infection
diseases, because of the complication of IL-18 regulation
function. Taking into consideration our findings and those
of Giedraitis et al, there may be a possible link between G
→C polymorphism at position -137 of the promoter of
IL-18 gene and the increased levels of IL-18, carriage of
allele C at position -137 of each of these polymorphisms
was related with high production of IL-18, which may
augment the production of IFN-gamma, modulate activity
of NK and CTL cells, and trigger the complex immunological
processes to eliminate HBV and its complex. As for the
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frequency of -607AA genotype in low HBV-DNA copies
groups was higher than that in high copies groups, whether
individualism with -607AA genotype could inhibit HBV-DNA
replication, further investigation of the general association of
the polymorphisms with cAMP-responsive element-binding
protein binding site in an independent data set is needed.
In summary, the findings of this study and others may
provide further evidence that genetic factors are important
in the pathogenesis of HBV infection. Our results suggest
that the carriage of allele C at position -137 in the promoter
of IL-18 gene may play a protective role in the development
of HBV infection and AA genotype at position -607 may
be associated with HBV-DNA replication. However, the
real roles of IL-18 gene promoter polymorphisms in the
pathogenesis of developing chronic hepatitis B should be
further investigated by large population-based studies.
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Abstract
AIM: To investigate diffusion in mammalian cell culture
by gel entrapment within hollow fibers.
METHODS: Freshly isolated rat hepatocytes or human
oral epidermoid carcinoma (KB) cells were entrapped in
type I collagen solutions and statically cultured inside
microporous and ultrafiltration hollow fibers. During the
culture time collagen gel contraction, cell viability and
specific function were assessed. Effective diffusion
coefficients of glucose in cell-matrix gels were determined
by lag time analysis in a diffusion cell.
RESULTS: Significant gel contractions occurred in the
collagen gels by entrapment of either viable hepatocytes
or KB cells. And the gel contraction caused a significant
reduction on effective diffusion coefficient of glucose. The
cell viability assay of both hepatocytes and KB cells statically
cultured in hollow fibers by collagen entrapment further
confirmed the existence of the inhibited mass transfer by
diffusion. Urea was secreted about 50% more by
hepatocytes entrapped in hollow fibers with pore size of
0.1 µm than that in hollow fibers with MWCO of 100 ku.
CONCLUSION: Cell-matrix gel and membrane pore size
are the two factors relevant to the limited mass transfer
by diffusion in such gel entrapment of mammalian cell
culture.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Entrapment of mammalian cells inside semi permeable
hollow fibers has been introduced as a commonly used
technique[1-5]. Based on this technique, more tissue-like culture
of cells by entrapped into gel within hollow fibers have
been explored as novel applications in tissue engineering[6-9],
toxicology[10] and pharmacology[11,12]. Such system is comprised
of two major compartments: hollow fiber membrane and
gel-cell matrix, which is typically featured by ultrafiltration
hollow fiber membranes and collagen gels, respectively[13].
And mass transport across hollow fibers has been well
studied by taking consideration of convection together with
diffusion[14-18]. When hollow fiber bioreactor is operated at
low flow rate, especially in medical-related field, the primary
mass transfer mechanism should be the diffusion[14], where
the solute effective diffusion coefficient, representative of
diffusion ability, across membranes is proportional to the
transmembrane concentration gradient and decreases with
the solute to pore radius ratio[19]. However, even at a very
slow flow rate, convection cannot be completely negligible.
Also, the diffusion across cell-collagen gel is rarely known
including the extent of gel contraction and its effect on the
diffusion. These were drawbacks in evaluation of mass
transfer and thus hinder its further exploration as a practical
technology, for an example, the clinical application of
bioartificial liver in the near future. Therefore, discrete
evaluation of diffusion in either membrane side or gel side
should be urgently required.
Our previous research found that the liver-specific
functions were much higher in the hollow fiber bioreactor
featured by microporous hollow fibers with membrane pore
size of 0.1 µm than in that featured by ultrafiltration hollow
fibers with MWCO of 100 ku, an equivalent pore size of
0.01 µm[20] . In those bioartificial livers, hepatocytes were
entrapped into collagen gels in the lumen side of the hollow
fiber bioreactors with each medium circulated in either
lumen or shell side. But it is uncertain that the increase of
liver-specific functions is related to the better diffusion
caused by bigger membrane pore size in microporous
hollow fibers, because uneven distribution of fluid flow
and specific configuration of hollow fibers may cause
additional convective flows[21]. It seems difficult to uncouple
diffusion from convection in such device of hollow fiber

1600

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

bioreactor. Also we never evaluated the diffusion within
collagen gels.
In this paper, we evaluated the effect of diffusion by
static cell culture, where solute mainly transfers by diffusion
in two serial processes: membrane and cell-collagen gel. The
effective diffusivities were measured, testing the diffusion
ability across collagen gel with or without cells. And both
the viability and specific function of collagen-entrapped cells
within simple hollow fibers were examined for further
evaluation of diffusion ability.

MATERIALS AND METHODS
Cultivation of rat hepatocytes
Hepatocytes from 4-6 wk old male Sprague-Dawley rats
weighting 200-250 g were harvested by a two-step collagenase
perfusion technique modified from that of Seglen[22]. Postharvest viability was at least 85% by trypan blue exclusion.
Hepatocytes were cultured in a basal medium of Williams’
E (Gibco) complemented with 100 U/mL penicillin and
100 U/mL streptomycin, 5 g/L bovine serum albumin
(Amresco, 0530S03) and 5% fetal calf serum (Hangzhou
Sijiqing Biological Eng. Material Co., Ltd., China).
Freshly harvested hepatocytes were mixed with the
collagen solution, a 3:1 (v/v) mixture of type I collagen
(3 g/L, prepared from rat tails in our own lab) and 4 fold
concentrated Williams’ E medium with pH adjusted to 7.4
with 1 mol/L NaOH. The cell suspension with density of
1×106 cells/mL was loaded into the lumen of the long fibers
with length of 80 cm. Hollow fibers were circuitously
put into 12 cm dishes and maintained in a 50 mL/L CO2
incubator for collagen gelation. And 20 min later, hollow
fibers were cut into equal pieces of 4 cm and immersed
into 5 mL prewarmed culture medium in 60 mm culture
dishes. These dishes were put back into the incubator for
cell culture.
Samples for analysis of urea secretion were taken at
regular intervals from the medium after mild mixing. Urea
assays were performed using a Urea Nitrogen Kit purchased
from Nanjing Jiancheng Bioengineering Institute (Nanjing,
China).
Cultivation of KB cells
KB cells, kindly obtained from biomedical engineering
institute in Zhejiang University, were cultivated in RPMI 1640
medium supplemented with 100 U/mL penicillin, 100 U/mL
streptomycin and 10% new born calf serum (Hangzhou
Sijiqing Biological Eng. Material Co., Ltd., China). KB Cells
was subcultured in T-flasks at a density of 105 cells at 37 ℃
in a 50 mL/L CO2 incubator with the medium changed
every two days. Later, KB cells were detached from Tflasks by 0.5% trypin and entrapped into collagen gel within
hollow fiber at the density of 4×10 5 cells/mL, following
the same procedure as hepatocyte entrapment.
Measurement of collagen gel contraction
Cylindrical collagen gels were used to examine the gel
contraction by both hepatocytes and KB cells in static culture.
At different culture time, cylindrical collagen gels were
carefully pushed out from the hollow fibers by injection
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with medium and suspended in the plates containing
prewarmed medium. The gel diameter was then determined
with a vernier eyepiece equipped on an inverted microscope.
Viability determination of entrapped cells with fluorescent
microscopy
Hepatocytes cells or KB entrapped within collagen gels
were stained twice with fluorescein diacetate (FDA) and
ethidium bromide (EB)[23,24]. Cylindrical collagen gels drawn
from hollow fibers were stained with 2 mL of a mixture of
10 g/mL FDA and 40 g/mL EB. After 2 min incubation at
room temperature followed by three rinses with PBS, the
sample was examined with an epifluorescence inverted
microscope. The excitation wavelength was 488 nm and
the emission wavelength was 600 nm for EB and 530 nm
for FDA. Cell viability was assessed by counting the number
of FDA- and EB-stained cells.
Diffusivity measurements
A modified diffusion cell described by Hannoun and
Stephanopoulos[25] was used to measure the effective diffusion
coefficient of glucose in collagen gel. A plexiglass ring, with
outer diameter of 8.05 cm and inner diameter of 4.55 cm,
was attached by a plastic mesh at bottom to hold the covered
collagen gel. Solution of 2.25 g/L collagen at pH 7, a mixture
of 3 g/L type I rat tail collagen and 4 fold concentrated
PBS (3:1, v/v), was immediately poured on the plexiglass
ring. After 30-40 min incubation at 37 ℃, collagen was
gelatinized and its thickness was measured by micrometer.
Then, the plexiglass covered with collagen gel was put into
the diffusion cell where the upper chamber and the lower
chamber were respectively 286 and 227.5 mL. The well
mixing in two chambers was achieved by stirring at about
60 r/min with a magnetically driven bar in the lower cell and
a stirrer in the upper cell at room temperature (21-22 ℃).
By taking samples in the upper chamber, the transferred
glucose concentrations were determined by means of 3,5dinitrosalicylic (DNS) colorimetric determination[26].
The corresponding diffusion coefficients were calculated
according to lag-time analysis[27-29]. Assuming that there was
no film mass transfer resistance, the solute concentration
in the lower chamber (c1) and the solute concentration in
the upper chamber (c2) can be defined as follows:
c = c1 at x = 0
c = c2 at x = l
c = 0 0≤x≤l at t = 0
Thus, the total amount Q of solute transferred through
the membrane was given by the equation below:
Q ts 

ADc1
l2
(ts 
)
l
6D

where l was the membrane thickness, A the membrane
area, D the effective diffusion coefficients and ts the lag
time. Figure 1 was the experimental graph of transferred
glucose versus diffusion time for the diffusion of glucose.
The intercept of the linear part of the curve was the socalled lag time.
To entrap hepatocytes into collagen gels, 2 mL of fresh
hepatocyte slurry at density of 3×107 cells/mL was mixed
with 10 mL solution of 2.7 g/L collagen to obtain a final
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since the culture time of one day with a microscope. To
confirm that dead cells caused no gel contraction, we
repeated the gel contraction experiment with dead cells
killed by UV for 10 min. It was found that no sign of gel
contraction was observed when dead cells were entrapped
with collagen gels.

100
Gel contraction (%)

Transferred glucose (mg)

suspension with cell density of 5×106 cells/mL and collagen
concentration of 2.25 g/L. In preparation of collagen gels
entrapped with dead cells, gel-cell matrix formed above was
immediately deactivated by exposure to ultraviolet for
10 min. While in preparing collagen gel entrapped with viable
cells, the cell-collagen matrix was cultivated in a basal
medium of Williams’ E at a 50 mL/L CO2 incubator for
24 h to develop gel contraction before it was deactivated by
10 min UV radiation for effective diffusion coefficient
measurement. Membranes with cell density of 0.5×10 6
cells/mL were similarly prepared.
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Figure 2 Contraction of cylindrical collagen gels entrapped with
hepatocytes. Gel contraction was expressed as the average percentage of diameter of three cylindrical gels entrapped with hepatocytes to the initial gel diameter vs time.

Figure 1 Transferred glucose through the collagen gel membrane
vs time in a diffusion experiment (c1 = 10 g/L, t 0 = 122 min).

Hollow fibers
Microporous polysulfone hollow fibers with average pore
size of about 0.01 µm and ultrafiltration polysulfone hollow
fibers with MWCO of 30 and 100 ku were purchased from
Yuandong Phar maceutical Machinery Corporation
(Shanghai, China). All these hollow fibers with the same
outer diameter of 1 mm, inner diameter of 0.7 mm and
membrane porosity of about 90% had identical diffusion
area.

RESULTS
Gel contraction measurements
Collagen contraction was frequently reported in hepatocyte
culture by collagen gel entrapment, but its contraction extent
was usually determined in disc collagen gel[7]. Also, the gel
contraction was rarely reported in the continuous cell culture.
Hereby, the contraction of collagen gel mediated by both
primary hepatocyte and KB cells were first determined in
this paper by measuring the diameter of cylindrical collagen
gels over the culture period of five days. The entrapped
cell density of hepatocytes was set at 1×106 cells/mL with
the initial gel diameter of 0.68 mm. Figure 2 demonstrates
the average percentage of diameter of 3 cylindrical gels
entrapped with hepatocytes to the initial gel diameter. The
gel diameter rapidly decreased almost to 60% of the initial
diameter within three days cultivation, while the control gel
containing no cells showed no signs of contraction. At a
higher cell density of 5×10 6 cells/mL, cell-matrix gel
contracted by 60% after one day cultivation but were stable
since then (data is not shown here). This was possibly due
to cell death because the rapidly decreased cell viability was
suspected according to the prevalent morphological change

Another anchorage-dependent KB cells were also
randomly used to confirm gel contraction caused by cell
entrapment. The initial entrapped KB cell density was set
at 0.5×10 6 cells/mL. Compared with the initial value of
0.68 mm, the gel diameter decreased by about 14 % at 48 h
and 30% at 120 h with a high cell density of around 1×107
cells/mL due to KB cell propagation. It seems primary cells
are more likely to cause the gel contraction than continuous
cells.
Effective diffusivity across collagen gels
Effective diffusivities of glucose were determined in collagen
gels with or without cells. Glucose was commonly selected
as a marker for chemical substances involved in cell
metabolisms and hepatocytes were used here to represent
for mammalian cells. The glucose concentration was set at
10 g/L and the collagen concentration was fixed at 2.25 g/L.
The effects of entrapped cells on the effective diffusivities
of collagen gels were listed in Figure 3. The statistical data
were expressed as mean±SD. In cell-free collagen gel, this
coefficient was determined as 1.441±0.017×10 -6 cm2/s,
which is much lower than the corresponding molecular
diffusivity (6.7×10-6 cm2/s). At a low cell density of 0.5×106
cells/mL, the effective diffusion coefficient was 1.512±
0.042×10-6 cm2/s for collagen gels entrapped with dead cells,
which was an equivalent of that for cell-free collagen gel.
In contrast, this value decreased to 0.502±0.002×10-6 cm2/s
in the comparatively contracted gel after 24 h interaction
of cells with collagen gels. While at a high cell density of
5.0×10 6 cells/mL, this coefficient was 0.799±0.013×10 -6
cm2/s for non-contraction gel and only 0.231±0.017×10-6
cm 2/s for the contracted gel. It seems that collagen
contraction resulted in a significant decrease of the effective
diffusivity and should be the main reason for reduced
diffusion across gels other than the obstruction of cell masses.
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Figure 3 Effective diffusion coefficients of glucose in cell-free collagen gel and gel-cell matrices. Data from two independent experiments are shown.

Entrapment culture of hepatocytes and KB cells
By measuring the effective diffusivities, we know the
diffusion situation inside collagen gels with or without the
interaction of cells. And it is common knowledge that the
diffusion across membranes was mainly determined by the
transmembrane concentration gradient and the molecular
sizes of both solutes and membrane pores. Thus, the
integrated diffusion across both membrane and collagen
gel can be reflected by cell cultivation itself within such
bioreactor. Cell viability was first checked by cultivation of
cells in hollow fibers with variant membrane pore size and
different cell concentration. Cell function was later investigated.
To feature the cell surviving abilities in such configured
system, both rat hepatocytes and KB cells were employed
here. Hepatocyte cell culture at two different cell densities
was employed in hollow fibers with three featured pore
sizes, 0.1 µm, MWCO of 30 and 100 ku, respectively. Initial
harvest viability of hepatocyte was about 85%. At the
culture time of 78 h, the cell matrices were carefully taken
out from the hollow fibers for FDA/EB staining.
Hepatocytes at an inoculated cell density of 1×106 cells/mL
almost maintain the initial viability by cultivated in hollow
fibers with MWCO of 100 ku (Figure 4A) and in microporous
hollow fibers with pore size of 0.1 µm (pictures are not
shown here), but all appeared dead in the hollow fibers with
MWCO of 30 ku (Figure 4B). No hepatocytes were survived
when entrapped into the hollow fibers for 78 h at a higher
cell density of 5×106 cells/mL, as expected from our early

A

B

200 m
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observation in gel contraction at this cell density. Considering
their multiplication, KB cells was inoculated at a low cell
density of 0.4×106 cells/mL in hollow fibers with MWCO
of either 100 or 30 ku here. The viability of KB cells
was rather high in hollow fibers with MWCO of 100 ku
(Figure 4C) and it can also be noticed that KB cells propagate
well according to the more concentrated cell density than
the initial one (the similar density as that in Figure 4D). In
contrast to the primary hepatocytes, KB cells are more robust
to survive and can propagate quickly even with a basic
mammalian cell culture medium, so its viability is usually
above 98% on the condition without critical environmental
problems such as nutrition shortage and physiological chaos.
Even so, KB cells did not survive in hollow fibers with
MWCO of 30 ku (Figure 4D) and its cell density was almost
the same as the initial one. Viability measurement showed
that cells grew well in hollow fibers with MWCO of 100 ku
which provides a better diffusion property than hollow fibers
with MWCO of 30 ku.
As the hepatocyte viabilities were similar in hollow fibers
with either MWCO of 100 ku or pore size of 0.1 µm at
the cell density of 1×10 6 cells/mL, cell functions were
examined to reflect the diffusion ability in such system.
Culture media were changed between 48 and 72 h and media
samples were taken every 12 h. The urea production was used
a marker for the liver-specific function of hepatocytes. The
accumulative urea production throughout the culture period
was calculated and shown in Figure 5. It can be seen that
hepatocytes produced more urea in the microporous hollow
fibers than in the ultrafiltration hollow fibers. By performing
linear fit on data points, average urea production were
determined and summarized in Table 1. Hepatocytes entrapped
inside the microporous hollow fibers exhibited higher urea
production (31.2 pg/cell per h) and one-third lower of urea
production inside the ultrafiltration hollow fibers.

Table 1 Average urea production of hepatocytes cultivated by gel
entrapment within either microporous or ultrafiltration hollow fibers
Hollow fiber feature

Microporous
hollow fiber

Average urea production (pg/cell per h)

C

200 m

Volume 11

31.2

Ultrafiltration
hollow fiber
20.7

D

200 m

200 m

Figure 4 Fluorescent microscope images of rat hepatocytes entrapped for 78 h and KB cells entrapped for 72 h stained with FDA/EB. A:
Hepatocytes entrapped in hollow fibers with MWCO of 100 ku; B: Hepatocytes entrapped in hollow fibers with MWCO of 30 ku; C: KB cells
entrapped in hollow fibers with MWCO of 100 ku; D: KB cells entrapped in hollow fibers with MWCO of 30 ku.

Accumulative urea (ng/cell)
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Figure 5 Accumulative urea production of hepatocytes by gel entrapment within hollow fibers featured by microporous membrane
with pore size of 0.1 µm (triangle) and ultrafiltration membrane with
MWCO of 100 ku (diamond). Average data from triplicate samples
are shown. The error bars express standard deviation.

DISCUSSION
This paper discussed the possible diffusion barrier in the
mammalian cell culture system featured by entrapment of
cells into cell matrix in hollow fibers. We focused on two
major mass transfers by diffusion in static culture. One was
the diffusion across cell-matrix gel and the other was the
diffusion across membranes. Because diffusion across the
membranes has been well studied, the possible diffusion barrier
caused by cell mediation was of great consideration in this
paper. Also the integrated diffusion across both collagen gel
and membranes was also evaluated through cell culture.
The cell-mediated collagen gel contraction and its effect
on glucose diffusivities were first determined. Two types
of mammalian cells, primary hepatocytes and continuous
KB cells, were mixed with collagen gel and then incubated
for a couple days to detect gel contraction. It was found
that collagen contraction was caused not only by mediation
of primary cells, as previously reported, but also by
mediation of continuous cells, although the former was
more significant. Such gel contraction was caused by the
interaction between mammalian cells and cell matrix and
could also serve as a crude estimate of cell viability. The
measurement of the effective diffusion coefficients across
cell-matrix gels reflected that the solute mobility by diffusion
was inhibited more significantly by gel contraction than by
the obstruction of entrapped cell mass. This is most possibly
attributed to the densification of collagen gel. Thereby, it
can be reached that the presence of cell masses together
with cell-mediated gel contractions caused the remarkable
diffusion resistance but the gel contraction was the major
factor.
Cell viability measurement was then applied for evaluating
diffusions in static culture of primary hepatocyte and
continuous KB cells by collagen entrapment within hollow
fibers. Hepatocytes maintained almost the initial viability in
either microporous hollow fibers or ultrafiltration hollow
fibers with higher MWCO of 100 ku but were all dead in
ultrafiltration hollow fibers with lower MWCO of 30 ku.
Similarly, KB cells presented quite high cell viability and
even a well proliferation in hollow fibers with MWCO of
100 ku but did not survive in hollow fibers with MWCO
of 30 ku. Based on the well studied mass transfer across
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membranes, the cell death in hollow fibers with lower
MWCO is due to the exclusion of solutes with large
molecular weight, for example, BSA with molecular weight
of 67 ku. The shortage of such nutrients most possibly
causes cell death.
Noticing that KB cells present much higher viability even
at a high cell density due to propagation while hepatocytes
cannot survive at the density of only 5×106 cells/mL, this
could be contributed to the more roughly requirement of
KB cells than primary hepatocyte, for example, primary
cells usually need more nutrients for maintaining in vitro
such as proteins or hormones. As the glucose effective
diffusivity across gels decreases with cell density, it is
understandable that hepatocyte viability also decreases with
the inoculated cell density, or in another word, the limited
mass transport by diffusion is prevalent inside collagen gels
entrapped with high cell density of viable cells. Actually, in
Nyberg’s paper[30], around 50% of reduction on hepatocyte
viability within one day culture was reported without further
investigation where hepatocytes were statically cultivated in
collagen noodles at a cell density of 4.4×106 cells/mL. This
decrease in cell viability was quite unexpected in comparison
with the high viability in his hollow fiber bioreactor running[31],
indicating the possible limited diffusion of nutrients across
gels in static culture. And it is worth mentioning that our
lower viability in our hollow fiber culture at cell density of
5×106 cells/mL in comparison to their hepatocyte viability
of 45%[30] could due to the extra membrane barrier and
different medium composition and no daily medium
changing.
As hepatocytes exhibit similar viabilities in hollow fibers
featured respectively by large MWCO and microporous,
liver-specific function on urea secretion was further
examined to compare the effect of diffusion. The urea
production was much higher in microporous hollow fibers
than in the ultrafiltration hollow fibers with MWCO of
100 ku. This corresponded well with our previous results
that higher liver-specific function was perfor med in
bioartificial livers with microporous hollow membranes.
Thus, by this experiment, it could be concluded that higher
liver-specific functions were closely related to better
diffusion. We did not discuss the possible diffusion resistance
caused by a boundary layer or a stagnant film on surface
of membranes or collagen gels, however, by considering
the same materials (polysulfone and collagen gel) and the
same configurations among all these hollow fiber systems,
it is reasonable to exclude the effect of the diffusion in
such boundary layer.
In summary, both cell-matrix gel and membrane
compartment contribute to diffusion resistance in static
culture of mammalian cells by gel entrapment within hollow
fibers. Cell culture of continuous KB cell and primary
hepatocyte confirm the cell-mediated gel contraction and
the limited transportation of nutrients by diffusion.
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Abstract
AIM: Ischemia/reperfusion (I/R) injury is one of the major
obstacles for intestinal transplantation (ITx). Urinary
trypsin inhibitor (Ulinastatin, UTI) suppresses proteases
and stabilizes lysosomal membranes. We supposed that
Ulinastatin would diminish I/R injury of intestinal graft.
METHODS: UTI- treated group and untreated control
group were investigated by histological assessment at
1.5, 4, 24, and 72 h after ITx. Myeloperoxidase (MPO)
activity was used as the activity of neutrophils, and
malondialdehyde (MDA) was used as an index of lipid
peroxidation. TNF and i-NOS mRNA expression in graft
tissue were measured by semi-quantitative RT-PCR.
CD11b+ Gr1+ cells in graft lamina propria were analyzed
by flow cytometry.
RESULTS: Histological scores of the graft showed that
the tissue injury was markedly attenuated by UTI treatment
at different time points after ITx, with reduced MPO
and MDA value in the grafts. The expression of TNF and
i-NOS mRNA was profoundly inhibited, while the infiltration
of CD11b+ Gr1+ cells into the intestinal graft was decreased
in UTI group.
CONCLUSION: Urinary trypsin inhibitor attenuates I/R
injury in mouse intestinal transplantation by reducing
monocytes infiltration and down-regulation of TNF and
i-NOS mRNA expression.

trypsin inhibitor in mouse intestinal transplantation. World J
Gastroenterol 2005; 11(11): 1605-1609

http://www.wjgnet.com/1007-9327/11/1605.asp

INTRODUCTION
Intestinal transplantation (ITx) is the only definitive therapy
for patients with irreversible intestinal failure who have
developed life-threatening complications of total parenteral
nutrition[1]. The outcome of clinical ITx, when compared
to other solid organ transplants, is still far from acceptable[2].
Ischemia/reperfusion (I/R) injury has been one of the major
obstacles, since the intestinal graft is exceedingly sensitive
to ischemia caused by storage and implantation[3]. I/R injury
subsequently leads to impairment of mucosal barrier and
bacterial translocation, which provoke graft loss, fatal
infection, and even multi-organ dysfunction in recipients.
Therefore, more effective protocols for controlling graft
I/R injury are demanded, in order to achieve a better
outcome for this therapeutic approach.
Urinary trypsin inhibitor (Ulinastatin, UTI), a glycoprotein
with a molecular weight of 67 000, is a protease inhibitor
purified from human urine. It suppresses proteases such as
trypsin, chymotrypsin and elastase, as well as stabilizes
lysosomal membranes and thereby inhibits the release of
lysosomal enzymes[4]. Ulinastatin has been found effective
in relieving reperfusion injury in ischemic liver[5], intestine[6],
and kidney[7] . In our knowledge, however, its effect on
intestinal transplantation has not been reported. Distinct
from other causes, the ischemic event in transplantation is
inevitable, featured by a shorter warm ischemic and a longer
cold ischemic period[3]. In our previous studies, we had found
quick influx of monocytes, mainly neutrophils and
macrophages, into intestinal graft even in syngeneic
combination. I/R injury is relevant to the accumulation and
eruption of these infiltrating monocytes. We supposed that
the suppressive effects on neutrophil protease by Ulinastatin
would diminish I/R injury of intestinal graft. In the present
study, we examined the effects of Ulinastatin on I/R injury
of intestinal grafts and the expression of TNF and i-NOS
mRNA in a mouse intestinal transplantation model.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Attenuation of graft ischemia-reperfusion injury by urinary

MATERIALS AND METHODS
Animals
Balb/c (H-2d) mice were purchased from The Central Animal
Facility of Medical School, Zhejiang University, and were used at
8-12 wk of age. All animals were housed under specific
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pathogen-free conditions with controlled light/dark cycles
and free access to water and rodent chow. The investigations
were performed in compliance with the policies of the animal
care committee of the local government.

used as an index of lipid peroxidation and was expressed as
nmol/g protein. It was determined by TBA assay, using a
MDA kit obtained from Jiancheng Bio-technology, Nanjing,
PR China.

Heterotopic intestinal transplantation in mice
Mouse heterotopic intestinal transplantation was performed
as described by Zhong et al [8] with minor modifications.
Balb/c (H-2 d) mice were used as donors and recipients.
Briefly, ITx was carried out under intraperitoneal anesthesia
using ketamine (0.08 mg/g) and xylazine (0.012 mg/g). First,
the donor jejunum and proximal part of the ileum were
isolated with attached superior mesenteric artery and portal
vein. After luminal irrigation and vascular perfusion, the
graft was harvested and stored in 4 ℃ Ringer’s solution
until implantation. Graft portal vein and superior mesenteric
artery were anastomosed to recipient’s inferior vena cava
and aorta in an end-to-side fashion. The distal end of the
intestinal graft was connected to the host jejunum. The
proximal graft lumen was exteriorized as a stoma. No
antibiotics were administered perioperatively.

Measurement of TNF and i-NOS mRNA by semiquantitative
RT-PCR
Graft RNA was extracted by Trizol kit from each 50-100 mg
snap-frozen samples. The concentration and A 260/A 280
(>1.8) was determined by ultraviolet photospectrometry.
Total RNA (4 g) was reverse-transcribed to c-DNA and
expanded by PCR. The primers of TNF, i-NOS and
-actin are as follows:

Experimental groups and peri-transplant therapy
Three experimental groups were established: Group 1, Sham
operation (n = 6): Laparotomy and dissection of SMA and
PV were performed without occlusion of these vessels in
this group. Group 2, UTI-treated group (n = 24): UTI
(50 000 U/kg, Techpool Bio-Pharma Co. Guangzhou, China)
was given to the recipients via intravenous injection 5 min
before revascularization of the intestinal graft. Thereafter,
it was given at the same level of dose every 12 h after
transplantation. Group 3, untreated controls (n = 24):
Normal saline instead of UTI was given to the recipients.
At 1.5, 4, 24, 72 h after transplantation, six mice of each
group were killed and the grafts were harvested for
histological grading, FACS analysis, and mRNA extraction.
Histological assessment
A 3-cm segment of the proximal portion of the graft was
divided along its anti-mesenteric side and washed in PBS.
The samples were fixed by formalin and embedded in
paraffin by Swiss rolls with the luminal side facing outwards.
Then, the rolled samples were cross-sectioned and stained
with hemotoxylin-eosin. All microscopic slides were observed
and assessed blindly with reference to the histological criteria.
Briefly, specimens were scored as: (0) less than 50% of villous
tips damaged, (1) more than 50% of villous tips damaged; (2)
damage confined to distal 1/3 of villus; (3) damage confined
to distal 2/3 of villus; (4) damage including all of villus, and
(5) damage more proximal than villus.
Assay of myeloperoxidase (MPO) activity
MPO activity was assayed by spectrophotometrically
measuring the H 2O 2 dependent oxidation of 3,3’,5,5’tetramethylbenzidine at 650 nm. All the reagents in the assay
were afforded by a MPO kit, obtained from Jiancheng Biotechnology, Nanjing, PR China.
Assay of malondialdehyde (MDA)
The lipid peroxide products, malondialdehyde (MDA) was

TNF: Primer 1:
Primer 2:
i-NOS: Primer 1:
Primer 2:
-actin: Primer 1:
Primer 2:

5’-AGCCCACGTAGCAAACCACCAA-3’
5’-ACACCCATTCCCTTCACAGAGC AAT-3’
5’-ACCCCTGTCTTCCACCAGGAGTTGAA-3’
5’-TGCAGCCATGACCTTTCGCATTAGCATGG-3’
5’-TGGAATCCTGTGGCATCCATGAAAC-3’
5’-TAAAACGCAGCTCAGTAACAGTCCG-3’

The expanded products were analyzed by 1.5% agarose
gel electrophoresis and imaged by Kodak digital imaging
system. The relative value of mRNA was determined by
the ratio between the A of target gene and -actin.
Flow cytometry
Three-color flow cytometry was conducted on isolated cells
from the lamina propria of the intestinal grafts. Isolated
cells from each preparation were centrifuged at 2 000 r/min
for 3 min, then washed twice in FACS buffer (PBS+1%
FCS+5% normal rat serum) and incubated with primary
mAbs for 20 min at 4 ℃. The specimens incubated with
biotinylated mAbs were subsequently developed with
streptavidin PercP. After washing twice, all samples were
analyzed on a FACScan® cytometer (Becton Dickinson).
10 000 to 20 000 events were collected from each sample.
Data analysis was performed using WinMDI 2.8 software.
Statistical analysis
Histology score, and MPO, MDA, i-NOS/-actin,TNF/
-actin value, were calculated for each group. Student’s
t- test was used to determine the significance of differences
in means. The non-parametric Mann-Whitney U-test was
used to compare the medians of groups that did not follow
a normal distribution according to the Shapiro-Witt test. A
P-value of less than 0.05 was considered significant. SPSS
12.0 and Microsoft Excel software were used for the
statistical analyses.

RESULTS
Histological finding of the intestinal grafts
The histological scores of the intestinal grafts in both control
and UTI groups were shown in Figure 1 (A-D). At different
time points after transplantation, the histological impairments
in UTI group were apparently attenuated compared to the
control group. At the early stage after reperfusion (1.5, 4,
and 24 h after transplantation), the mucosal damage in the
UTI group is confined to villous tips, obviously slighter than
the control group, in which the damage developed in total
villi. The histological changes nearly disappeared after 72 h

Yu JR et al. Ulinastatin inhibits ischemia-reperfusion injury of intestinal grafts
1/2 h

4h

P<0.05

5

5

4

4

3

3

2

2

1607

P<0.05

1

1
Untreated
24 h

UTI

Untreated
72 h

NS

5

5

4

4

3

3

2

2

UTI

P<0.05

1

1
Untreated

Untreated

UTI

UTI

Figure 1 At 1.5, 4, 24, and 72 h after intestinal transplantation, the histological scores of tissue injury in the UTI-treated group were
apparently less than the untreated group.
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Figure 2 MPO activity in the intestinal grafts in the UTI-treated
group remained at a lower level when compared with the control
group in the earlier time points after IR (1.5, 4, and 24 h after
transplantation respectively, a P<0.05 vs control group).

Figure 3 The MDA level at 1.5 and 4 h after transplantation was
significantly suppressed in UTI-treated group, aP<0.05 vs the untreated
control group.

in the UTI group, whereas villous impairments remained in
the distal part of the villus in the control group. Moderate
congestion and marked edema of the intestinal graft at early
time point were found in control groups. In the UTI group,
however, no congestion was found and the tissue edema was
slighter. Comparing with the control group, the infiltration
of monocytes was also reduced in UTI group at each time
point after transplantation by light microscopic observation.

Malondialdehye (MDA) level
As shown in Figure 3, the lipid peroxidation derived MDA
level at 1.5 and 4 h after transplantation was significantly
suppressed by UTI treatment (7.93±0.32 vs 10.97±0.77,
7.70±0.44 vs 9.70±0.77 mmol/g, n = 6, P<0.05). At the
following later time points (24 and 72 h after transplantation),
however, the graft MDA in both groups reverted to a
similarly lower level.

Myeloperoxidase (MPO) activity
As shown in Figure 2, the MPO activity of the intestinal
graft tissue in the UTI group remained at a lower level when
compared to the control group in the earlier time points
after I/R (0.46±0.23 vs 0.63±0.17, 1.05±0.12 vs 1.25±0.15,
0.65±0.13 vs 0.85±0.18 at 1.5, 4, and 24 h after transplantation
respectively, U/g, n = 6 for each group, P<0.05). At 24 h after
transplantation, the MPO activity in both UTI and control
groups were reverted to 0.69±0.14 U/g and 0.85±0.15 U/g,
no statistical difference were found in this time point.

Graft infiltration by CD11b+ Gr1+ monocytes
As shown in Figure 4, when the monocyte gate of graft
lamina propria was analyzed at the third post-transplant day,
the sub-population of CD11b+ Gr1 + cells were found
reduced in the UTI-treated group. The percentage of
CD11b+ Gr1 + cells, mainly neutrophils and macrophages,
in untreated allografts was 10.3±0.7%, and was decreased
to 1.0±0.2% in the UTI-treated group (P<0.01). It indicated
less inflammatory infiltrations, particularly neutrophils and
macrophages, into the intestinal graft by UTI therapy.
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Figure 4 The sub-population of CD11b+ Gr1+ cells in the monocyte
gate of graft lamina propria was found reduced in the UTI-treated
group on the third post-transplant day.
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Figure 5 In UTI group, the expression of i-NOS mRNA was apparently inhibited at 1.5, 4, 24, and 72 h after intestinal transplantation.
The upper bands show the representative images of the PT-PCR
results for i-NOS. M: band for molecular marker; S: Sham operation
group; C1-C4: bands for untreated group at 1.5, 4, 24 and 72 h after
transplantation respectively; T1-T4: bands for UTI-treated group at
1.5, 4, 24 and 72 h after transplantation, respectively.

Expression of i-NOS, TNF mRNA in intestinal grafts
In the sham-operated mice, the expression of i-NOS and
TNF mRNA in non-ischemic intestine is minor. However,
the expression of the intestinal graft elevated dramatically
due to I/R events after transplantation. The expression of
i-NOS mRNA reached 2.18±0.28 to 2.73±0.28 (TNF/
-actin, n = 6), and the TNF mRNA were 1.71±0.24 to
2.67±0.71 (i-NOS/-actin, n = 6) within the first 72 h after
transplantation. However, in UTI group, the expression of
i-NOS mRNA was apparently inhibited in each time point,
and the level of TNF mRNA was also lower than the
control group at 1.5 and 4 h after transplantation. It indicated
a profound suppression of i-NOS and TNF expression
by UTI treatment, when challenged by transplant-associated
I/R. Figures 5, 6 displayed i-NOS and TNF mRNA
expression at different time points after transplantation and
representative images.
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Figure 6 The expression of TNF mRNA was inhibited at 1.5 and
4 h after intestinal transplantation in UTI-treated group, while no
difference was found at 24 and 72 h after transplantation. The upper
bands show the representative images of the PT-PCR results for
TNF. M: band for molecular marker; S: Sham operation group; C1C4: bands for untreated group at 1.5, 4, 24 and 72 h after transplantation respectively; T1-T4: bands for UTI-treated group at 1.5, 4, 24
and 72 h after transplantation, respectively.

DISCUSSION
Intestine is one of the most vulnerable organs to I/R injury
in solid organ transplantation[3]. The high morbidity and
mortality after intestinal transplantation are unexceptionally
associated to graft impairments due to I/R injury. Therefore,
effective measures with minimal risk of evoking allogeneic
rejection should be developed for mitigating the intestinal
impairments caused by I/R response[9].
The most common model for investigations of intestinal
I/R is performed by temporary occlusion of superior
mesenteric artery (SMA)[10]. Easy as it is, however, it is unable
to feature the I /R events occurring in intestinal
transplantation. First, I/R injury, in transplantation, is mainly
due to a longer cold ischemic preservation, while the SMA
occlusion model can merely mimic a shorter warm ischemia.
Second, collateral vascular supply cannot be excluded by
SMA occlusion, which usually appears as sub-mucosal
hemorrhage that is absent in transplantation. Other factors
affecting the investigating outcomes, such as irrigation of
the graft lumen during organ procurement, cannot be
imitated by SMA occlusion either[3]. Thus, we took the more
complicated mouse transplantation model to estimate the
effect of UTI, in order to avoid possible errors.
Constitutive NO produced by c-NOS is a well-known
mediator in several physiological processes. When insulted by
inflammatory stimuli such as ischemia, i-NOS expression is
promoted and a larger amount of NO is produced by i-NOS
catalysis. Instead of being a signal transductor in lower levels,
the highly concentrated NO acts as free radicals and
eventually leads to local tissue damage[11]. Therefore, over
expression of i-NOS is the key point for the NO mediated
inflammatory reaction. TNF is another crucial mediator
in the onset and sustaining of the I/R response in the gut [12].
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The present study reveals a profound inhibitive effect of
UIT toward the expression of i-NOS mRNA in intestinal
graft, which was challenged by long-term cold ischemia and
followed reperfusion. The decreased levels of i-NOS mRNA
and TNF mRNA in the grafts are well consistent with the
attenuated villous injury, as well as the reduced neutrophil
index (MPO) and improved membrane stability (MDA). It
suggested that the inhibition of TNF and i-NOS, thereby,
breaking down the cytokine cascade and the NO-induced
tissue injury could be the underlying mechanism of the
protective effects of UTI in intestinal transplantation.
Macrophages and other monocytes are the major source
of TNF and i-NOS mRNA,[13] therefore we isolated these
infiltrated cells from the intestinal grafts and measured them
by flow cytometry. Gr1 is usually expressed on granulocytes
and macrophages, and CD11b has the similar tendency while
it also appears on activated and mature lymphocytes[14]. The
subpopulation, CD11b + Gr1 + cells, including most
neutrophils and macrophages, were found markedly reduced
in UTI-treated grafts when compared to untreated grafts at
the third post-transplant day. Hence, the lower level of
TNF and i-NOS mRNA in UIT-treated group might owe
to reduced infiltration of macrophages and neutrophils. On
the other hand, the suppressive effect of UTI on TNF
and i-NOS expression, if there is any, may lessen the severity
of graft infiltration by abating the cytokine or chemotactic
response. Shortly, prevention of macrophages and other
monocytes into the graft by UTI is a possible mechanism
for its alleviating effects on I/R injury.
As a safe and well-tolerated agent, UTI has not found any
rejection-related adverse effects in clinical transplantation[15].
The revealed mechanism of UTI as well as our findings,
such as inhibition of TNF and i-NOS production,
theoretically excludes the potential risk of provoking
alloimmune response[16]. Consequently, UTI could be an
ideal agent in protection of intestinal graft from IR injury.
Further investigations for UTI in other solid organ
transplants and clinical trials are required.
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Abstract
AIM: To explore the dynamic changes in the pressure of
the lateral ventricle during acute brainstem hemorrhage
and the changes of neural discharge of vagus nerve under
the load of intracranial hypertension, so as to analyze
their effects on the congestive degree of intestinal mucous
membrane and the morphologic changes of intestinal
mucous membrane.
METHODS: An operation was made to open the skull to
obtain an acute brainstem hemorrhage animal model.
Microcirculatory microscope photography device and video
recording system were used to determine the changes
continuously in the caliber of jejunal mesenteric artery
during brainstem hemorrhage and the changes with time
in the congestion of jejunal mucosal villi. We used HE
stain morphology to analyze the changes of duodenal
mucosal villi. A recording electrode was used to calculate
and measure the electric discharge activities of cervical
vagus nerve.
RESULTS: (1) We observed that the pressure of lateral
cerebral ventricle increased transiently during acute
brainstem hemorrhage; (2) The caliber of the jejunal
mesenteric artery increased during brainstem hemorrhage.
Analysis of red color coordinate values indicated transient
increase in the congestion of jejunal mucous membrane
during acute brainstem hemorrhage; (3) Through the
analysis of the pathologic slice, we found enlarged blood
vessels, stagnant blood, and transudatory red blood cells
in the duodenal submucous layer; (4) Electric discharge
of vagus nerve increased and sporadic hemorrhage spots
occurred in duodenal mucous and submucous layer, when
the lateral ventricle was under pressure.
CONCLUSION: Brainstem hemorrhage could cause

intracranial hypertension, which would increase the neural
discharge of vagus nerve and cause the transient
congestion of jejunal mucous membrane. It could cause
hyperemia and diffused hemorrhage in the duodenal
submucous layer 48 h after brainstem hemorrhage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The normal function of gastric juice is to digest food, but it
can cause ulcer through digesting the gastric and duodenal
mucosa. Gastric juice contains hydrochloric acid, which is a
strong acid with pH1.0. Hydrochloric acid can prevent
bacteria from breeding in stomach. The gastric mucosa is
covered with the mucus of gastric juice, which can prevent
the gastric mucosa from being digested. If the gastric mucosa
was directly digested by gastric juice, the mucosa can be
injured. Under stress, the discharge of sympathetic nerve
and parasympathetic nerve will change, which will cause
changes in gastrointestinal motility, the secretion of gastric
juice, the mucosa blood stream, all of which are reasons
that cause the stress ulcer[1,2]. Usually, the meaning of stress
is emotional, such as agitation, anger, etc., under the irritable
environmental conditions breakthrough. They evoke the changes
of the neural discharge of autonomic nerve[3]. The stress
conditions in our experiment is brainstem hemorrhage[4-6].
The recovery of brainstem hemorrhage in different part
and extent has significant variation, which is determined by
the complex anatomic structure of brainstem[2,7-10] . The
reticular formations of brainstem have many neurons, which
are related to visceral activities. It was reported recently
that the injury of the brainstem could cause a high incidence
rate of stomach mucosa hemorrhage[11,12]. Some literatures
also reported that the proportion of midbrain hemorrhage
in brainstem hemorrhage was 28%, which is higher than
10 years ago[13]. The recovery of brainstem hemorrhage is
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related not only with the hematoma, but also with the body
conditions and complications of the patient[14]. Fatality rate
is high in a man who has the complications of stress
digestive tract ulcer with hemorrhages. The pathogenesis
of digestive tract stress ulcer bleeding, induced by brainstem
hemorrhage, was thought as the nerve and body fluid factors
acting on the gastric mucosa[4]. The changes of vagus nerve
discharge during acute brainstem hemorrhage are not clear.
The aim of this research was to probe into the influence of
brainstem hemorrhage on the intestinal mucous, the
microcirculation of the mesentery, the regularity of the
electric discharge of vagus nerve with the changes of
intracranial pressure under brainstem hemorrhage at
midbrain level, in order to guide the early diagnosis and
treatment of brainstem hemorrhage complicated with
digestive tract stress ulcer bleeding[12,15-19].

single liminal value line to analyze the frequency of wave in
each time segment, we could analyze the electric activities’
intensity indirectly. Microcirculatory microscope photography
device and video recording system were used to determine
the changes continuously in the caliber of jejunal mesenteric
mini-artery and the changes with time in the congestion of
jejunal mucosal and duodenal mucosa during brainstem
hemorrhage[11] (microcirculatory image process system, made
in Optic Instrument General Factory of Xuzhou). The
duodenal biopsies of normal and 12, 24, 48, 72 h after
brainstem hemorrhage were taken, and fixed with 20%
formalin, HE stained. We observed the morphologic changes
of mucous layer and submucous layer under light microscope
and oil immersion objective (magnification ×1 500).
We used paired t-test for statistical method-dependent
samples. P<0.05 was considered significant.

MATERIALS AND METHODS
Fifty male Japanese white rabbits with long ears (weighing
1.5-1.8 kg) were employed. Thirty rabbits of one group
were used to observe the changes in the pressure of lateral
cerebral ventricle and the blood stream of the duodenal
mucosa and the jejunal mucosa, under the acute brainstem
hemorrhage. The other 20 rabbits were used to analyze the
changes of neural discharge of vagus nerves under the
intracranial hypertension (36 mmHg, 1 min). Urethane 25%
was used for intravenous anesthesia[20]. An operation was
made to open the skull at interparietal bone and 0.1 mL
blood of itself was injected into its brainstem to make the
acute brainstem hemorrhage animal model at the level of
inferior colliculus[21] . The hematoma was confirmed to
compress the aqueduct of midbrain through the general
dissection. Right lateral cerebral ventricle intubation was
employed to calculate and measure the dynamic pressure,
before and after the load of acute brainstem hemorrhage.
We used the recording electrode to calculate and measure
the changes of neural discharge of cervical vagus nerve
under the intracranial hypertension (36 mmHg, 1 min). We
used the software of the device, manufactured in Chengdu
device factory, RM6204B organism signal acquisition
processing system to measure the absolute value of an area
of the nerve discharge activities wave [22]. Through the
absolute value of an area of the wave, we could analyze
the intensity of the nerve electric activities. By setting a

RESULTS
(1) We observed a stationary baseline wave (about 9 mmHg)
through lateral ventricle intubation, and intracranial pressure
increased rapidly after acute brainstem hemorrhage animal
model was made, which recovered subsequently, but the
pressure level was still higher than it was loaded before
(Figure 1); (2) The caliber of jejunal mesenteric artery
increased after the load of brainstem hemorrhage. Statistical
analysis showed a significant difference between pre-loaded
and loaded brainstem hemorrhage (Figure 2); we also
observed that the occurrence time sequence of mesenteric
artery caliber dilation had individual difference. We analyzed
the congestion of jejunal mucosa in acute brainstem
hemorrhage by red color coordinate values, then we observed
that the congestion increased transiently during 30 s after
the load of hemorrhage (Figures 3A-D). The analysis of
paired t-test for dependent samples showed that the increasing
tendency was significant (Figure 4), and the time sequence
of the phenomenon above had the individual difference;
(3) We analyzed the intensity of the nerve electric activities
through the absolute value of an area of the wave. We also
analyzed the discharge activities’ intensity indirectly by setting
a single liminal value line to calculate the frequency of
dischargeable wave in each time segment (Figures 5A-C).
We observed that the neural discharge of vagus nerve
increased after intracranial hypertension; (4) Comparing the
pathologic slice of duodenal mucous membrane between
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50

Injection of the blood of itself completion of injection

1.3614

1.4

18
0

Caliber

1.2912
36

1.3
1.2
1.1
1.0

- 18
Figure 1 Changes in the pressure of the lateral ventricle during
acute brainstem hemorrhage in rabbit.

Before the
loab

After the
loab

Figure 2 Changes in caliber of jejunal mesentery small vessels
under the load of rabbit’s brainstem hemorrhage.
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Figure 3 Changes of microcirculation of jejunal mucosa. A: Photograph of microcirculation of jejunal mucous membrane, 6 s before the load
of rabbit’s brainstem hemorrhage (×185); B: Photograph of jejunal mucous membrane, 10 min 26 s after the load of rabbit’s brainstem
hemorrhage; it showed the local congestion of villus mucosa (×185); C: Photograph of jejunal mucous membrane, 30 min 32 s after the load
of rabbit’s brainstem hemorrhage; it showed that the local congestion of villus mucosa had relieved (×185); D: Photograph of jejunal mucous
membrane, 40 min 46 s after the load of rabbit’s brainstem hemorrhage; it showed that the local congestion of villus mucosa had
ameliorated obviously (×185).

Red colorcoordinate values

0.8

0.7
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0.4
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Figure 4 Paired t-test for red color coordinate mean values of
jejunal mucous membrane before and after rabbit’s brainstem
hemorrhage.

normal and 48 h after brainstem hemorrhage, we observed
that the duodenal submucous layer in normal rabbits did
not have dilated minute blood vessel and red blood cells
leaked out from capillary lumens to tissue space basically
(Figure 6A, B). Analyzing rabbit’s duodenum pathological
slices that are 48 h after brainstem hemorrhage, we found
that capillaries dilated in duodenal villi and duodenal glands,
red blood cells increased in lumens and leaked out from
capillary lumens to tissue space in local submucous layer
(Figures 6C, D).

DISCUSSION
Duodenal wall is usually divided into four layers structurally,
which are mucous layer, submucous layer, muscular layer,

and adventitia. Mucous layer and submucous layer protrude
into the intestinal lumens to form the plica. Many duodenal
glands can be seen in the connective tissue of the submucous
layer. Muscular layer consists of two layers of smooth
muscles, inner-ring and outer-vertical. Adventitia is the
plasma membrane. At present, it is considered that the
digestive tract ulcer is caused by the imbalance between the
attacking factors (gastric juice) that has the function of
digestion and the defense factors (mucus, mucosa, blood
stream of mucosa) that prevent the stomach and duodenum
from being digested[15,23-32]. In recent years, some experiments
emphasize that the bloodstream of duodenal mucosa and
the buffer capacity of mucosa endothelial cell are important
factors that protect mucosa cell from being injured;
experimental study of the stress ulcer shows that the nutrition
of gastrointestinal tract (such as glucose) can prevent the
stress ulcer[19]. The excessive breeding of the bacterium and
infection can influence the bloodstream of mucosa, and
weaken the gastric mucosal protective barrier function[29].
The balance can be broken by the stimulation from brain
through the action of the autonomic nerve[22,33]. This type
of ulcer is not only a digestive disease, but also the result
that was comprehensively effected by multiple factors. The
occurrence is related to the disturbance of body neuroendocrine,
the weakness of gastric mucosal protective barrier function
and the augment of gastric mucosa injury factors[27,33,34]. It
was reported that the integrity of midbrain structure can
influence the hemodynamics during the hemorrhage,
according to the result of empirical studying in recent years.
In this experiment we investigated the upper gastrointestinal
stress ulcer bleeding, with the animal model of hemorrhage in
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Figure 5 Comparison of electric discharge of vagus nerve. A: The comparison of the electric discharge of vagus nerve through analyzing the
absolute value of an area of wave form before and after the compression (from 4 to 40 s under the intracranial hypertension), and the neural
discharge of vagus nerve had increased after intracranial hypertension, n = 20, P<0.05; B: The comparison of the electric discharge of vagus
nerve before and during the first 4 s after the rabbit’s lateral ventricle compression. We analyzed the electric discharge frequency of the
dischargeable wave in each time segment by setting a single liminal value line, and the neural discharge of vagus nerve had increased after
intracranial hypertension; C: The comparison of the electric discharge of vagus nerve before the compression and during continuous
compression (from 4 to 40 s). We analyzed the electric discharge frequency of the dischargeable wave in each time segment by setting a
single liminal value line, and the neural discharge of vagus nerve had increased after intracranial hypertension.

A

B

C

D

Figure 6 HE stain of duodenal structure of rabbits. A: HE stain of normal rabbit’s duodenal villus. The minute blood vessel had not dilated
and red blood cells had not leaked out from capillary lumens; B: HE stain of normal rabbit’s mucous glands of duodenum. The minute blood
vessel had not dilated; C: HE stain of the rabbit’s duodenal villus, which were 48 h after brainstem hemorrhage. The capillaries had obviously
dilated and red blood cells had leaked out from capillary lumens; D: HE stain of the rabbit’s mucous glands of duodenum, which were 48 h
after brainstem hemorrhage. The capillaries had obviously dilated and red blood cells had leaked out from capillary lumens.

inferior colliculus (midbrain), and found that it could influence
the changes of bloodstream of the upper gastrointestinal
mucosa [11]. After the primary and secondary lesion in
brainstem, on one hand, the activities of sympathoadrenal
system reinforced, the secretion of catecholamine in vivo
had increased, the blood vessels in gastric mucosa contracted
intensely, which caused the injury of the gastric mucosa; on
the other hand, it stimulated the vagus nerve, which caused
the increased excretion of gastric acid and pepsin, thus it
aggravated the injury of gastric mucosal barrier. In the
empirical study of observing and measuring the changes

of bloodstream of gastroduodenal mucosa of shigellosis
patients’ biopsies by fluorescence microscopy, some
researchers found that there were microcirculatory changes
of leukocyte movement and platelet aggregation in mucosal
blood vessels, and the injury of gastric mucosa was related
to the movement of leukocyte and platelet activation[30,31].
The proportion of midbrain hemorrhage in the brainstem
hemorrhage has increased in recent years. In our experiment,
we observed that the baseline of intracranial pressure wave
increased in the acute brainstem hemorrhage. We thought
that it was caused by the local high intracranial pressure,
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the occupation of hematoma in the brainstem at the level
of inferior colliculus, and cerebrospinal fluid circulation
disorder through hematoma compressing in aqueduct of
midbrain. We also observed the reduction of the duodenal
mucous membrane bloodstream, the dilatation of jejunal
mesentery arterioles, and the transient increase in the
congestion of jejunal mucous membrane in the early stage
of acute brainstem hemorrhage model. The changes of
bloodstream distribution were probably related to the changes
of activities of sympathetic nerve and parasympathetic
nerve[21]. It was indicated in a recent research that the
decrease of gastroduodenal mucosal bloodstream, which is
one of the important defense factors of mucosa, is related
to the lack of NO synthetase and endothelium-derived
relaxing factor in mucosal vascular endothelial cell[27]. The
vagus nerve of rabbits initiates from the dorsal nucleus of
vagus, its truncus goes into pectoral cavity and abdominal
cavity through cervical part; it has branches which distribute
to stomach and intestines. We calculated and measured the
electric discharge activities of cervical vagus nerve continuously.
It showed that the electric discharge of vagus nerve
increased after intracranial hypertension. The average electric
discharge intensity of vagus nerve increased rapidly during
the first 4 s after the beginning of compression (P<0.002).
Compared with the level before the compression of lateral
ventricle, it also had significant increase during the 40 s
followed (P<0.002). It implies that the factor of intracranial
pressure should be considered in the mechanism of
brainstem hemorrhage combined with the changes of
digestive tract bloodstream. The intracranial hypertension
could excite the vagus nerve to increase its electric discharge
and influence the bloodstream of duodenum, jejunal
mesentery and mucosa. Pathological slices, 48 h after acute
brainstem hemorrhage, were analyzed and showed that there
was a significant congestion of blood capillary in the
duodenal villi and duodenal glands; some red blood cells
leaked out into tissue space of submucous layer. These
pathological changes are possibly the pathological basis of
upper gastrointestinal hemorrhage caused by the stress ulcer
in the condition of brainstem hemorrhage. It was reported
that the weak stimulation of vagus nerve can cause the
inhibition of intestinal movement; it was also reported that
the vagotomy in the gastric mucosa can cause the reduction
of gastric acid secretion. In this experiment, we found that
the activity of vagus nerve has increased after the brainstem
hemorrhage, and so we consider that the secretion of gastric
acid should increase. We observed that the bloodstream of
duodenal mucosa has decreased 20 s after the brainstem
hemorrhage, and the minute blood vessel of duodenal
mucosa, submucosa has obviously dilated and congested
after the brainstem hemorrhage, for example, at 48 h after
the brainstem hemorrhage. The stress ulcer with brainstem
hemorrhage may relate to the activity of autonomic nerve
and the blood stream of mucosa.
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ALT levels only for females.
CONCLUSION: Several gender-related differences were
noted pertaining to the prevalence of and relationship
between obesity, hypertriglyceridemia and hyperuricemia
and elevated serum ALT level in the present study.
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Abstract
AIM: To explore any gender-related differences in
prevalence of and condition-associated factors related to
an elevated serum alanine aminotransferase (ALT) level
amongst residents of Kinmen, Taiwan.
METHODS: A total of 11 898 of a potential 20 112 regional
residents aged 30 years or more completed a related
questionnaire that was carried out by the Yang-Ming
Crusade between 1991 and 1994 inclusively, with blood
samples being collected by public nurses. The overall
questionnaire response rate was 59.3% (52.4% for males
and 66.0% for females).
RESULTS: The prevalence of an elevated serum ALT level
for this sub-population was found to be 7.2%, the
prevalence revealing a statistically significant decrease
with increasing population age ( P <0.0001). Males
exhibited a greater prevalence of elevated serum ALT
level than did females (9.4% vs 5.3%, P<0.0001). Using
multiple logistic regression analysis, in addition to male
gender, a younger age, greater waist circumference,
presence of type-2 diabetes and hyperuricemia were the
significant factors associated with an elevated serum ALT
level for both males and females. Gender-related
differences as regards associated factors were also
revealed. For males, obesity was significantly related to an
elevated serum ALT level (OR = 1.28, 95%CI: 1.00-1.66)
but this was not so for females (OR = 1.09, 95%CI:
0.84-1.42). Hypertriglyceridemia (OR = 1.80, 95%CI:
1.36-2.39) and hyperuricemia (OR = 1.61, 95%CI:
1.03-2.52) were significantly related to elevated serum

INTRODUCTION
Alanine aminotransferase (ALT) has, for some time, been
viewed as a sensitive indicator of liver-cell injury[1]. Currently,
the determination of serum ALT level constitutes the most
frequently applied test for the identification of patients
suffering from liver disease, this parameter also acting as a
surrogate marker for disease severity and/or as an index
of hepatic activity[2]. This cytosolic enzyme is able to be
detected in many organs and is able to catalyze the transfer
of the -amino group from alanine to -ketoglutaric acid[3].
The current understanding is that elevated serum ALT levels
are associated with gender, age, obesity, waist-to-hip ratio,
serum glucose concentration, serum triglyceride level, use of
certain medication and history of viral hepatitis infection[4-6].
The early detection of this disorder by screening, followed
by appropriate intervention, may offer a practical way for
the prevention of condition-associated hepatocellular
damage.
From the viewpoint of preventive medicine, it is not
only important to be cognizant of the background prevalence
of elevated serum ALT levels regionally, but also to explore
the complete spectrum of demographic and biological
markers which may be related to elevated serum ALT levels.
Further, to the best of our knowledge, some uncertainty
still exists as regards whether the prevalence of and the
associated risk factors for an elevated serum ALT level
reveal gender difference amongst a sub-population. Thus,
in order to identify the prevalence of and associated risk
factors for an elevated serum ALT level, a communitybased screening program for the detection of elevated serum
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trained and -organized medical students from the National
Yang-Ming University, Taipei, Taiwan. During the study
period, fasting blood samples were drawn via venipuncture
from study participants by public-health nurses. Overnightfasting serum and plasma (from whole blood preserved
with EDTA and NaF) samples were kept frozen (-20 ℃)
until ready for analysis. Subjects for whom the serum ALT
level was ≥40 U/L were classified as individuals who
featured an elevated ALT level[8]. In addition, the studyused definitions of type-2 diabetes and hypertension derived
from 1999 WHO criteria[9] and TNC VI (The Sixth Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure)[10],
respectively. Subjects featuring a personal disease history
of type-2 diabetes or hypertension and who had received
medication to treat such conditions were viewed as “known
cases” of such disease. Definitions of the following diseases/
conditions were obesity: a BMI ≥25 kg/m2, a large waist
circumference ≥90 cm for males and ≥80 cm for females,
hypercholesterolemia ≥200 mg/dL, hypertriglyceridemia
≥200 mg/dL, low HDL a level <35 mg/dL, high BUN a
level ≥20 mg/dL, high creatinine ≥1.4 mg/dL and
hyperuricemia ≥7 mg/dL for males or ≥6 mg/dL for
females.

ALT level was considered necessary. The present study was
designed so as to attempt to explore the potential for
condition-related gender difference, because it was
considered that such difference might underscore important
implications for the understanding of the overall
pathogenesis of an elevated serum ALT level. The purpose
of this study was to explore such gender difference in the
context of prevalence of and associated risk factors for
elevated serum ALT levels amongst the general population
aged 30 years or more, as determined by the application of
a community-based screening program to a well-organized,
self-contained community-living on Kinmen Island, Taiwan.

MATERIALS AND METHODS
Study design and data resource
Kinmen is an island located around 90 km west of Taiwan
in the Straits of Taiwan, close to the Chinese mainland.
Based upon this island’s population stability, geographical
region and local community-support network, Kinmen was
selected as a site to conduct various screening programs
for chronic-related diseases, in this instance, elevated serum
ALT levels. We conducted this community-based mass
screening program targeting subjects aged 30 years or more
during the period 1991-1994 inclusively. The details of the
study design and execution, with respect to the massscreening program, have been described in full elsewhere[7].
Briefly, according to resident household registration, a total
of 20 112 subjects (10 136 males) were eligible to participate
in such population screening. A total of 11 898 individuals
(5 311 males) of the original 20 112 subjects underwent
screening following their response to an invitation letter or
telephone call, such individuals completing a questionnaire
and providing a blood sample. The overall response rate
was 59.2%, including 52.4% for males and 66.0% for
females.

Statistical analysis
Statistical analysis was performed using SAS for Windows
(SAS version 8.1; SAS Institute Inc., Cary, NC). A P value
of <0.05 was considered to represent statistically significant
difference between two test populations. For the univariate
analysis, the two-sample independent t-test method was
adopted to assess difference in the mean value of continuous
variables between normal and elevated serum ALT levels.
Crude and adjusted odds ratios (adjustment for sex and
age) were estimated and 95% confidence intervals were
used. Multiple logistic regressions were also performed in
order to investigate the independence of risk factors
associated with a high serum ALT level.

Data collection
Data pertaining to study participants was collected from
them, the process including face-to-face interviews together
with the provision of a structured questionnaire (questions
pertained to demographic details, lifestyle information, and
personal disease history), and the deter mination of
participant blood pressure. All these investigations were
carried out by the Yang-Ming Crusade, a group of well-

RESULTS
The overall mean of serum ALT level for the test population
proved to be 20.85±44.82 U/L, males revealing a greater
serum ALT level than was the case for females (respectively,
23.77±50.91 U/L vs 18.49±39.06 U/L, P<0.05). Table 1

Table 1 Gender- and age-specific prevalence of elevated serum alanine aminotransferase (ALT) level among subjects aged 30 and above in
Kinmen
Level of ALT (U/L)
Male (n = 5 311)
Screened
No

≥40 (U/L)
No

30–39

1 326

173

13.1

40–49

1 255

144

11.5

50–59

1 456

112

60–69

840

≥70

434

Total

5 311

Age (yr)

Female (n = 6 587)
Screened
No

≥40 (U/L)
No

2 215

96

4.3

1 581

94

6.0

7.7

1 224

75

47

5.6

978

24

5.5

589

500

9.4

6 587

Prevalence P-value
(%)
for 2 test
for trend

<0.0001

Prevalence
(%) 

Total (n = 11 898)
P-value
for 2 test
for trend

Screened
No

≥40 (U/L) Prevalence
P-value
No
(%)
for 2 test
for trend

3 541

269

2 836

238

8.4

6.1

2 680

187

7.0

60

6.1

1 818

107

5.9

26

4.4

1 023

50

4.9

351

5.3

11 898

851

7.2

0.192

7.6
<0.0001
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Table 2 Comparison of characteristics of elevated serum ALT level among subjects aged 30 and over in Kinmen (mean±SD)
Level of ALT (U/L)
Variable

Age (yr)
BMI (kg/m2)
Waist circumference (cm)
FPG (mg/dL)
SBP (mmHg)
DBP (mmHg)
Cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL (mg/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)

<40 (U/L)
(n = 11 074)

≥40 (U/L)
(n = 851)

Total
(n = 11 898)

49.7±13.3
23.3±3.4
82.7±10.1
100.3±28.2
129.8±21.0
80.0±12.4
201.4±39.5
91.8±57.7
56.5±20.0
16.6±5.5
0.79±0.31
5.5±1.6

47.9±12.2
24.6±3.4
86.6±9.7
105.4±28.8
132.7±19.7
83.5±12.0
211.3±44.2
120.9±79.2
55.9±23.9
16.8±5.1
0.84±0.26
6.3±1.7

49.6±13.2
23.4±3.5
83.1±10.2
100.9±28.2
129.9±20.9
80.3±12.4
202.2±40.0
93.9±60.0
56.5±20.5
16.6±5.5
0.79±0.31
5.6±1.6

presents the gender- and age-specific prevalence of an
elevated serum ALT level (≥40 U/L) amongst studyparticipating subjects aged 30 years and over. The overall
prevalence of an elevated serum ALT level for the test
population was 7.2%, this parameter revealing a statistically
significant decrease with increasing study-subject age by
means of the 2 trend test (P<0.0001). The prevalence of
an elevated serum ALT level proved to be substantially
greater for males than for females (respectively, 9.4% vs
5.3%, P value for 2 test <0.0001). In addition, after
stratifying data by age into one of five broad (age) groups,
study-participating males exhibited a more-pronounced
prevalence of elevated serum ALT level for all age groups
apart from the 60-69-years-old age group than was the case
for the female group. The age-specified prevalence of
an elevated serum ALT level revealed a significant inverse
relationship with age when applying the 2 trend test
(P<0.0001) for male study subjects but not so for females
(P = 0.192).
Table 2 illustrates the results of the comparison of a
variety of test characteristics and their potential association
with the specific (serum ALT) class value (either ≥40 U/L,
or <40 U/L) for study-included subjects aged 30 years and
over. Using the two-sample independent t-test, the associated
factors that were significantly related to elevated serum ALT
level included age [≥40 U/L (47.7±12.2 years) vs <40 U/L
(49.7±13.3 years)], BMI [≥40 U/L (24.6±3.4 kg/m2) vs
<40 U/L (23.3±3.4 kg/m2)], waist circumference [≥40 U/L
(86.6±9.7 cm) vs <40 U/L (82.7±10.1 cm)], and serum
level of FPG [≥40 U/L (105.4±28.8 mg/dL) vs <40 U/L
(100.3±28.2 mg/dL)], SBP [≥40 U/L (132.7±19.7 mmHg)
vs <40 U/L (129.8±21.0 mmHg)], DBP [≥40 U/L
(83.5±12.0 mmHg) vs <40 U/L (80.0±12.4 mmHg)],
cholesterol [≥40 U/L (211.3±44.2 mg/dL) vs <40 U/L
(201.4±39.5 mg/dL)], triglyceride [≥40 U/L (120.9±79.2
mg/dL) vs <40 U/L (91.8±57.7 mg/dL)], creatinine [≥40
U/L (0.84±0.26 mg/dL) vs <40 U/L (0.79±0.31 mg/dL)],
and uric acid [≥40 U/L (6.3±1.7 mg/dL) vs <40 U/L
(5.5±1.6 mg/dL)].
Table 3 presents the crude and adjusted odds ratios for
the association between certain relevant associated risk
factors and elevated serum ALT level. Compared to
individuals who exhibited a normal serum ALT level, subjects
featuring an elevated serum ALT level revealed a more-

P-value
for t test
0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.49
0.39
<0.0001
<0.0001

Table 3 Univariate analysis of associated factors for elevated serum alanine ALT level among subjects aged 30 and over in Kinmen
Elevated ALT level
(≥40U/L)
Yes
No
(n = 851) (n = 11 074)
Gender Male
Female
Age (yr) 30-39
40-49

Crude OR
(95%CI)

Adjusted OR1
(95%CI)
-

0.87
(0.72-1.04)
1.24
(1.04-1.48)

500
351
269
238

4 811
6 236
3 272
2 598

50-59

187

2 493

60-69

107

1 711

≥70

50

973

Yes
No
Alcohol drinking Yes
No

267
584
266
585

2 941
8 106
2 362
8 685

1.85
(1.60-2.13)
1.00
1.11
(0.93-1.34)
0.91
(0.75-1.11)
0.76
(0.60-0.96)
0.63
(0.46-0.85)
1.26
(1.08-1.47)
1.67
(1.44-1.95)

Obesity

Yes
No

360
491

3 032
8 015

1.94
(1.68-2.23)

2.05
(1.77-2.37)

High waist circumference

Yes
No

471
380

4 599
6 388

1.72
(1.50-1.98)

2.41
(2.07-2.80)

Type-2 diabetes

Yes
No

134
717

938
10 109

2.01
(1.66-2.45)

2.39
(1.94-2.93)

Hypertension

Yes
No

366
485

3 850
7 197

1.41
(1.22-1.62)

1.54
(1.32-1.79)

Hypercholesterolemia

Yes
No

205
646

1 682
9 362

1.77
(1.50-2.08)

1.85
(1.56-2.19)

Hypertriglyceridemia

Yes
No

99
745

518
10 383

2.66
(2.12-3.34)

2.65
(2.10-3.33)

Low HDL

Yes
No

138
663

1 337
9 324

1.45
(1.20-1.76)

1.34
(1.10-1.63)

High BUN

Yes
No

193
658

2 446
8 598

1.03
(0.87-1.22)

1.01
(0.85-1.20)

High creatinine

Yes
No

7
843

132
10 909

0.69
(0.32-1.47)

0.66
(0.31-1.42)

Hyperuricemia

Yes
No

342
507

2 680
8 355

2.10
(1.82-2.43)

2.08
(1.79-2.40)

Smoking

1

Adjustment for gender and age.

-
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OR = 1.66, 95%CI: 1.24-2.21), type-2 diabetes (yes vs no,
OR = 1.56, 95%CI: 1.11-2.21), hypercholesterolemia (yes vs
no, OR = 1.80, 95%CI: 1.36-2.39), hypertriglyceridemia (yes
vs no, OR = 1.61, 95%CI: 1.03-2.52), and hyperuricemia (yes
vs no, OR = 1.92, 95%CI: 1.49-2.48).

pronounced prevalence of alcohol drinking (adjusted OR
= 1.24, 95%CI: 1.04-1.48), in addition to obesity (adjusted
OR = 2.05, 95%CI: 1.77-2.37), substantial waist circumference
(adjusted OR = 2.41, 95%CI: 2.07-2.80), type-2 diabetes
(adjusted OR = 2.39, 95%CI: 1.94-2.93), hypertension
(adjusted OR = 1.54, 95%CI: 1.32-1.79), hypercholesterolemia
(adjusted OR = 1.85, 95%CI: 1.56-2.19), hypertriglyceridemia
(adjusted OR = 2.65, 95%CI: 2.10-3.33), a low HDL level
(adjusted OR = 1.34, 95%CI: 1.10-1.63), and hyperuricemia
(adjusted OR = 2.08, 95%CI: 1.79-2.40) subsequent to
adjustment for gender and age.
The effect of independently associated risk factors upon
elevated serum ALT level was examined using the multiple
logistic regression models. As is depicted in Table 4,
subsequent to adjustment for confounding factors, gender
(female vs male, OR = 0.21, 95%CI: 0.11-0.39), age (OR =
0.95, 95%CI: 0.93-0.97), interaction between gender and
age (OR = 1.02, 95%CI: 1.01-1.03), and the presence of obesity
(yes vs no, OR = 1.20, 95%CI: 1.00-1.44), a large waist
circumference (yes vs no, OR = 1.79, 95%CI: 1.48-2.17),
type-2 diabetes (yes vs no, OR = 1.70, 95%CI: 1.35-2.13),
hypercholesterolemia (yes vs no, OR = 1.46, 95%CI:
1.22-1.76), hypertriglyceridemia (yes vs no, OR = 1.40,
95%CI: 1.06-1.84), and hyperuricemia (yes vs no, OR = 1.63,
95%CI: 1.39-1.92) appeared to be statistically significantly
related to an elevated serum ALT level. The data presented
in Table 4 also show the dramatically different results of
multiple logistic regressions of the data as stratified by
gender. For males, the statistically significantly associated
risk -factors related to an elevated serum ALT level included
age (OR = 0.97, 95%CI: 0.96-0.98), and the presence of
obesity (yes vs no, OR = 1.28, 95%CI: 1.00-1.66), a large
waist circumference (yes vs no, OR = 1.88, 95%CI: 1.45-2.
42), type-2 diabetes (yes vs no, OR = 1.74, 95%CI: 1.28-2.
37), and hyperuricemia (yes vs no, OR = 1.47, 95%CI: 1.
19-1.80). For female study participants, the statistically
significant associated risk factors related to an elevated serum
ALT level included age (OR = 0.98, 95%CI: 0.97-0.99),
and presence of a large waist circumference (yes vs no,

DISCUSSION
Prevalence of an elevated serum ALT level
One of the important benefits of the ALT screening
program was the chronic liver disease which was often
identified by the detection of an (asymptomatic) elevated
serum aminotransferase level and as such, a screening test
was commonly included in the serum chemistry panels
conducted on healthy individuals[11]. Further, the relative
significance of such results was often ignored when the
serum ALT level was deemed to be only just slightly
abnormal [11]. However, it would appear that only few
community-based studies have been published, attempting
to determine the prevalence and possible etiology of an
elevated serum ALT level for the general population of
Taiwan[12], that also faced to the burden of liver disease. In
the present study, an elevated serum ALT level appeared to
be fairly common for the test population, the condition
affecting an estimated 7.2% of the general population in
Kinmen. The prevalence of an elevated serum ALT level
amongst different test populations appears to vary according
to the results of different studies conducted in different
countries[6,11-13]. In addition to the differences in the specifics
of diagnostic criteria for such an elevated serum ALT level,
this disparity would likely be largely due to differences
between different population stocks. The prevalence of an
elevated serum ALT level for our study population (7.2%)
was slightly lower than the corresponding figure presented
in a previous population-based study conducted in A-Lein,
Taiwan which was reported to be 7.5%[12] . The apparent
slightly lower prevalence rate in our study may have been
due to differences between the predominantly rural lifestyle
of residents of Kinmen and the more urban lifestyle of

Table 4 Multiple logistic regression of associated factors for elevated serum ALT level among subjects aged 30 and above in Kinmen
ALT (≥40 (U/L) vs <40 (U/L))
Variable

Male
OR

Gender (female vs male)

-

Age (yr)

0.97

Interaction between gender and age -

Female
95%CI
0.96-0.98
-

OR
0.98
-

Total
95%CI

OR

95%CI

-

0.21

0.11-0.38

0.97-0.99

0.95

0.93-0.97

-

1.02

1.01-1.03

Smoking (yes vs no)

0.93

0.76-1.14

0.68

0.33-1.38

0.90

0.74-1.10

Alcohol drinking (yes vs no)

1.14

0.93-1.40

1.48

0.85-2.59

1.17

0.96-1.41

Obesity (yes vs no)

1.00-1.44

1.28

1.00-1.66

1.09

0.84-1.42

1.20

High waist circumference (yes vs no) 1.88

1.45-2.42

1.66

1.24-2.21

1.79

1.48-2.17

Type-2 diabetes (yes vs no)

1.74

1.28-2.37

1.56

1.11-2.21

1.70

1.35-2.13

Hypertension (yes vs no)

1.12

0.91-1.38

1.18

0.90-1.55

1.14

0.97-1.34

Hypercholesterolemia (yes vs no)

1.26

0.98-1.61

1.80

1.36-2.39

1.46

1.22-1.76

Hypertriglyceridemia (yes vs no)

1.30

0.91-1.85

1.61

1.03-2.52

1.40

1.06-1.84

Low HDL (yes vs no)

0.96

0.74-1.25

1.12

0.79-1.60

1.02

0.82-1.25

High BUN (yes vs no)

0.92

0.73-1.16

1.10

0.82-1.48

0.99

0.82-1.19

High creatinine (yes vs no)

0.55

0.22-1.40

0.25

0.03-1.89

0.46

0.20-1.06

Hyperuricemia (yes vs no)

1.47

1.19-1.80

1.92

1.49-2.48

1.63

1.39-1.92
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residents of A-Lein, Taiwan. The incidental finding in our
study that approximately 47.6% of study-included males
had not undergone any form of health screening previously
might also partially explain the apparently low prevalence
of elevated serum ALT level observed in our study. Further,
another possible reason for such difference between the
results of the A-Lein study and our results may simply have
been related to the different age cut-off point for the two
study populations.
Implications of gender difference as regards associated risk
factors for elevated serum ALT level
Our results have revealed that male gender and a younger
age both represented significant risk factors related to the
likelihood of an elevated serum ALT level. Such a finding
would appear to be consistent with the results of other hospital
and community-based studies conducted elsewhere[6,11,14].
This apparent concentration of liver injury amongst
predominantly younger adults remained unexplained at the
time of publishing of these (overseas-based) studies, as is
the case here, and clearly deserves further attention[6]. In
addition, males exhibited a higher prevalence of elevated
ALT level than did females (OR = 1.85, 95%CI: 1.60-2.13),
such gender difference being consistent with a larger waistto-hip circumference ratio for males, the latter possibly
explaining the former[6].
A growing body of evidence appears to indicate that
significant liver disease may accompany (seemingly) mild
serum aminotransferase level elevations[15,16]. Consistent with
the results of other studies[11,13], our results revealed that a
larger BMI and a more-substantial waist circumference were
both highly associated with an elevated serum ALT level.
Previous studies have indicated that most obese individuals
who featured an elevated serum ALT level did suffer from
steatosis without any associated hepatic fibrotic reactions
or sites of inflammation upon liver biopsy[17,18] . Further,
approximately 30% of obese adults, who exhibited an
elevated serum aminotransferase level, exhibited
steatohepatitis associated with fibrosis or cirrhosis as
demonstrated upon liver biopsy[17,18], approximately 40%
of these cases revealed progressive liver disease [19]. In
addition to such a finding, a larger waist circumference was
also reported to be more strongly related to an elevated
serum ALT level than was the case for an elevated BMI
level for this last-mentioned study[19]. The possible mechanism
for such a finding may relate to the observation that waist
circumference is typically associated with visceral adipose
tissue build-up, such a source of adipose tissue possibly
providing a over-supply of potentially hepatotoxic fatty acids
to the liver[20]. Further, it has been reported previously that
visceral adipose tissue lipolysis was also less sensitive to insulin
suppression than was the case for other fat deposits[21]. The
present study has further demonstrated that a larger BMI
is significantly related to an elevated serum ALT level for
males but not so for females subsequent to adjusting for
confounding factors. Further epidemiological and etiological
investigations are clearly needed in order to clarify the
pathophysiological mechanisms of gender difference
between obesity and elevated serum ALT level.
In a previous study, type-2 diabetes has been reported
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to be associated with mild (asymptomatic) elevations in the
serum levels of certain enzymes including serum ALT[22] .
Elevated ALT levels have been reported as more frequently
observed for diabetics than for the general population[23] .
The Third National Health and Nutrition Examination
Survey (NHANES III) reported that the likelihood of an
individual featuring an elevated serum ALT level was greater
amongst persons afflicted with type-2 diabetes than it was
for non-diabetic individuals[11]. The Hispanic Health and
Nutrition Examination Survey also reported that abnormal
serum ALT levels were statistically significantly more
common amongst Mexican Americans suffering from
diabetes as compared to their non-diabetic counterparts[24].
Due to the liver playing an important role in the maintenance
of glucoregulation, carbohydrate homeostasis and insulin
degradation, it seems logical to conclude that the liver’s
normal functions might be significantly affected as a
consequence of glucose intolerance and/or diabetes
mellitus[6,24-26].
Hyperlipidemia is frequent amongst subjects who feature
abnormal serum activities for certain liver enzymes[11,27]. Our
findings have demonstrated that both hypercholesterolemia
and hypertriglyceridemia are significantly related to the
presence of an elevated serum ALT level. Recent studies
have suggested that a considerable proportion of moderately
obese individuals who feature hyperlipidemia might develop
extensive fibrosis and cirrhosis, with a subsequent marked
increase in mortality as a consequence of liver-related
diseases[28]. Such observations imply that subjects suffering
from obesity and hyperlipidemia should receive screening
for liver function more regularly than normal individuals in
order to avoid serious liver injury. Furthermore, previous
study has shown that hypertriglyceridemia was related to
serum ALT levels for both males and females, whilst an
elevated serum cholesterol level only appeared to be related
to an elevated serum ALT level for males[29] . A possible
reason for such apparent discordant findings when compared
to the results of the present study is that our study population
was constituted by a slightly greater proportion of females
who were post-menopausal (44%), such a post-menopausal
subgroup likely featuring more-elevated serum total
cholesterol and triglyceride levels than would be the case
for pre-menopausal females [30]. At the time of study
execution, we did not have any information pertaining to
study participant hepatitis B surface antigen (HBsAg) and
anti-HCV status, such that our failure to exclude positive
such individuals from the study may also have confounded
the results.
Previous clinical study has revealed that a fructose load
might lead to a more substantial increase in serum uric-acid
level amongst patients suffering from chronic hepatitis than
would be the case for normal individuals[31] . In addition,
serum uric-acid level has been reported to be elevated
amongst subjects suffering from chronic liver lesions,
especially those of a non-infectious origin. Further, the extent
of such serum-level elevation appears to be dependent upon
the specific severity of the hepatic lesions[32], although the
previous results relating to the quite significant association
between hyperuricemia and elevated serum ALT level
appears to be similar to that proffered by other studies[32].

Liu CM et al. Community-based study of ALT levels

From the cross-sectional nature of our study design, we
were not able to determine the degree to which could have
occurred or to what extent the increase in serum uric acid
level had arisen prior to liver disease having developed.
Although cigarette smoking and alcohol drinking might
constitute important risk factors as regards liver-function
abnormalities and/or specific liver diseases as inferred by
the results of a number of previous studies[24,29] , for the
current study, habits such as smoking or alcohol
consumption did not appear to be significantly related to
elevated serum ALT level following multivariate adjustment.
Such a result was not really surprising because we found it
somewhat difficult to accurately identify the actual duration
of such behavior as also the daily intake of alcohol and the
number of cigarettes smoked daily in the context of such a
large epidemiological study.
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prevalence of such level elevation. Further studies are not
only needed in order to elucidate the temporal sequence of
events that typically lead to elevated serum ALT levels and
thus develop more satisfactory non-invasive indicators of
liver pathology, but also to further explore the realm of
gender-related differences that appear to be involved with
elevated serum ALT levels.
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Abstract
AIM: With the availability of a minimally invasive
approach, anti-reflux surgery has recently experienced a
renaissance as a cost-effective alternative to life-long
medical treatment in patients with gastroesophageal
reflux disease (GERD). We are not aware of the fact
whether reflux episodes causing complaints for a long
time i.e., at least for one year are associated with metabolic
changes in the lower esophageal sphincter, and if so,
whether these may influence functional results achieved
after anti-reflux surgery.
METHODS: Between 1 January 2001 and 31 December
2002 we performed anti-reflux surgery on 79 patients.
Muscle samples were taken from the lower esophageal
sphincter (LES) in 33 patients during anti-reflux surgery.
Inclusion criteria were: LES resting pressure below
10 mmHg and a marked, pH proven acid exposure to the
esophagus of at least one year’s duration, causing
subjective complaints and requiring continuous proton
pump inhibitor treatment. Control samples were obtained
from muscle tissue in the gastroesophageal junction that
had been removed from 17 patients undergoing gastric
or esophageal resection. Metabolic and lysosomal enzyme
activities and special protein concentrations 16 parameters
in total were evaluated in tissue taken from control
specimens and tissue taken from patients with GERD. The
biochemical parameters of these intra-operative biopsies
were used to correlate the results of anti-reflux operations
(Visick I and II-III).
RESULTS: In the reflux-type muscle, we found a significant
increase of the energy-enzyme activities e.g., creatine

kinase, lactate dehydrogenase, -hydroxybutyrate
dehydrogenase, and aspartate aminotransaminase-. The
concentration of the structural protein S-100 and the
myofibrillar protein troponin I were also significantly
increased. Among lysosomal enzymes, we found that the
activities of cathepsin B, tripeptidyl-peptidase I, dipeptidylpeptidase II, -hexosaminidase B, -mannosidase and
-galactosidase were significantly decreased as compared
to the control LES muscles. By analyzing the activity values
of the 9 patients in Visick groups II and III at two months
post-surgery, we found a significant increase in the activity
of the so-called energy-enzyme values and in the
concentration of structural and myofibrillar proteins as
compared to the rest of the reflux patients.
CONCLUSION: Our results call attention to the metabolic
changes that occurred in the LES muscles of reflux
patients. The developing hypertrophy-like changes of LES
muscles may be a reason for complaints after anti-reflux
surgery, which consisted mainly of reports of persisting
dysphagia.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Clinical medicine has advanced by retrospective analysis,
relating symptoms to anatomic or structural lesions and using
this relationship prospectively to diagnose disease. In time,
biochemical or histological abnormalities were identified as
having a high probability of being caused by a disease process,
such as metabolic alterations, neoplasia, inflammation, or
ischemia. Consequently, biochemical and histological patterns
are now used to recognize and identify specific diseases in
symptomatic patients.
Functional disorders of the esophagus are abnormalities
that can exist for a period of time without causing morphologic
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changes even though considerable symptoms develop, such
as heartburn, regurgitation, and dysphagia.
However, we are not aware of whether reflux episodes
causing complaints for a long time at least for a year - induce
any metabolic changes in the lower esophageal sphincter
(LES), and if so, whether these may influence functional
results achieved after anti-reflux operations.
It is true that with the availability of a minimally invasive
approach, anti-reflux surgery has recently experienced a
renaissance as a cost-effective alternative to lifelong medical
treatment in patients with gastroesophageal reflux disease
(GERD). The number of anti-reflux procedures performed
has virtually exploded. The laparoscopic approach does not,
however, reduce the prevalence of side effects usually associated
with anti-reflux surgery even in experienced hands[1-3].
A review of the literature shows that between 5% and
20% of patients who had an anti-reflux operation would
experience some form of recurrent or persistent symptoms,
requiring continued or renewed medical attention. Today
recurrent reflux is the most common reason for failure of
anti-reflux surgery. This is followed by dysphagia and by a
combination of dysphagia with reflux symptoms. The
so-called “gas bloat syndrome” or gastric denervation
symptoms are rare after anti-reflux surgery[4].
Although most patients with recurrent, persistent or new
symptoms after an anti-reflux procedure can be managed
medically, some will require revisional or salvage surgery
and it is well-known that the rate of success exponentially
decreases in proportion to the number of re-operations[5].
In the present study, we have analyzed the effect of
persistent reflux on LES muscle metabolism based on the
biochemical analysis of muscle samples taken from LES
during 46 operations performed in the cardiac region.
The biochemical analyses used in this study included
measurement of enzymes with functions in anabolic
processes “energy enzymes”: creatine kinase (CK), creatine
kinase MB isoenzyme (CK-MB), lactate dehydrogenase
(LDH), -hydroxybutyrate dehydrogenase (HBDH),
aspartate aminotransaminase (AST), lysosomal enzymes that
play a role in catabolic processes, namely carbohydrate
hydrolysis -mannosidase (AMAN), -mannosidase
(BMAN), -galactosidase (BGAL), -glucuronidase (GCU),
-hexosaminidase B (HEX), and enzymes involved with
protein degradation cathepsin B (CB), tripeptidyl-peptidase
I (TPP I), dipeptidyl-peptidase II (DPP II). In addition, the
myoglobin (MYO) and troponin I (TNI) proteins are
important in skeletal muscle function and S-100 is a highly
acidic calcium-binding protein found in various organs in
the body.

MATERIALS AND METHODS
Between January 1 2001 and December 31 2002, we
performed anti-reflux surgery on 79 patients. Out of the
75 cases we performed a laparoscopic operation, in 4 cases
the intervention was conventional Nissen or Belsey-Mark
IV fundoplication. In 33 patients the muscle sample was
taken from the LES with scissors, without cauterization,
during the operation from a standard site on the right side
of the anterior vagus, on the intra-abdominal part of the
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esophagus, where the floppy-Nissen wrap was placed. First
the mucosa was brought into the visual field similar to
cardiomyotomy in order to ensure that the muscle samples,
to be analyzed, represented both longitudinal and circular
muscle fibers and the excision was made in this way.
Inclusion criteria for patients in the reflux group were as
follows: LES resting pressure below 1.33 kPa (10 mmHg),
and a marked, pH proven acid exposure to the esophagus
that has persisted for at least a year, causing subjective
complaints and requiring continuous proton pump inhibitor
(PPI) treatment. Those patients whose contraction amplitude
was less than 2.66 kPa (20 mmHg) in one or more of the
three lowest esophageal segments and/or for whom more
than 20% simultaneous waves in these segments had been
verified were excluded.
The control group contained muscle samples, obtained
from the gastroesophageal junction, that was removed during
17 gastric or esophageal resections. Only patients with no
reflux complaints in the history were included in the control
group. Since in the majority of these patients the surgical
intervention was necessary because of a tumor, we checked
the muscle sample histology for tumor infiltrates.
The data of 46 patients, out of the 50 included (92%),
were evaluated. Reasons for exclusion included histologically
confirmed tumor infiltration (n = 2), progressive muscular
dystrophy and congenital esophageal atresia (n = 1 each).
Thus, GERD was represented with samples from 31
patients, while normal LES with samples from 15 patients.
The anti-reflux operation was in each case a floppy-Nissen
type reconstruction. The same surgeon performed the
operations as well as muscle sampling.
Complaints of operated patients were evaluated
according to the following Visick-classification: I: symptomfree. II: mild symptoms, requires no treatment. III: can be
treated with medication or with dilation. IV: symptoms that
cannot be controlled with conser vative treatment,
reoperation needed.
The muscle samples were frozen on dry ice immediately
after dissection and stored at -70 ℃ prior to use.
Samples were thawed on ice, placed in 50 volumes (w/v)
of 0.15 mol/L NaCl, 0.1% Triton X-100 and homogenized
with a Brinkmann Polytron homogenizer. A soluble
supernatant was prepared by centrifugation at 12 000 g at
4 ℃ for 25 min.
The activity of CK, LDH, HBDH, AST enzymes and
CK-MB were measured with reagents produced by A.L.
Instruments (Diachem Kft.; Budapest, Hungary), with kinetic
UV photometry method, on an Olympus AU 600 chemical
analyzer (Olympus Diagnostica GmbH; Hamburg,
Germany).
Protein S-100 determination was performed with a twostep immunoluminometric sandwich assay (ILMA)
technique, by applying LIAISON® Sangtec® 100 (AB Sangtec
Medical; Bromma, Sweden) in a LIAISON® immunochemical
automat (BYK SANGTEC Diagnostica; Dietzenbach,
Germany).
The concentration of TNI and MYO were determined
with the Microparticular Enzyme Immunoassay (MEIA)
method (Lumi-Phos 530 is measured) in a Beckman Access
immunochemical automat (Beckman Coulter Access
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excitation at 360 nm and emission at 460 nm.
Statistical analyses were performed using a one-factor
variance-analysis and interval estimate method by applying
MS Excel Analysis Toolpack program. Each subject enrolled
into the study signed an informed consent form. Permission
for the investigations was sought and obtained from the
appropriate local Ethical Committee.

Immunoassay System; Fullerton, USA).
Glycosidase activities were measured using 4methylumbelliferyl (4-MU) substrates described by Sleat
et al[6] Protease assays using amino-4-methylcoumarin (AMC)
substrates have been described by Sleat et al[7] and Sohar et
al [8] Reactions were initiated by adding 40 L substrate
(various concentration 20 mol/L), buffer (100 mmol/
L) solution to 5 L (CB) or 10 L (other enzymes) of
sample (after centrifugation, supernatants were diluted 2-,
4- and 8-fold in homogenization buffer in duplicate),
incubated at 37 ℃, and terminated by the addition of 100
L of 0.5 mol/L glycine, pH10.5 (at 4-MU substrates) or 0.
1 mol/L monochloroacetic acid in 0.1 mol/L acetate, pH4.3
(AMC substrates). Buffers consisted of 0.1 mol/L citric
acid or 0.1 mol/L sodium acetate adjusted to the indicated
pH using sodium hydroxide, acetic acid, or HC l,
respectively, and contained 0.15 mol/L NaCl with 0.1%
Triton-X-100. Substrates were purchased from Sigma
Chemical Company (St. Louis, MO, USA) and were prepared
as stocks in dimethyl sulfoxide that were added to the
reaction buffer immediately prior to assay. Samples added
to substrate solutions after addition of termination buffer
were used as blanks. Fluorescent reaction products were
measured using a CytoFluor II (PerSeptive Biosystems,
Framingham, MA) fluorescence multiwell plate reader with

RESULTS
In 12 out of the 16 measured parameters, we found
significant biochemical differences between reflux-type and
control LES muscle. The activities of CK, LDH, HBDH,
and AST enzymes were significantly elevated in the refluxtype LES muscle compared with the control group (Table 1).
A significant increase was also found for the concentration
of S-100 and TNI proteins in the reflux-type muscle. There
were no statistically significant differences in myoglobin
concentration or in CK-MB activity between the two
examined groups, although seemingly marked individual
differences were noted.
We found definite differences in relation to the lysosomal
enzymes, since the activity of CB, TPP I, DPP II, HEX,
BMAN and BGAL were significantly lower in the refluxtype LES as compared to the normal LES (Table 2).

Table 1 Metabolic enzyme activities and special protein concentrations in normal LES and in LES operated due to gastroesophageal reflux,
as well as in patients with and without complaints in the postoperative period
LES

LES in GERD

Normal
Enzymes

GERD

Mean

SE

Visick I

Mean

SE

P

Mean

Visick II–III
SE

Mean

SE

P

CK

73 027.3

32 312.4

398 220.7

210 587.2

P<0.05

111 904.3

29 131.0

1 098 105.3

514 604.5

P<0.001

LDH

23 805.7

9 561.9

127 786.9

62 210.7

P<0.05

44 229.0

7 850.8

332 039.5

54 804.5

P<0.001

7 960.3
2 869.5

3 159.9
1 453.0

41 400.3
13 397.2

20 129.8
6 825.7

P<0.05
P<0.05

13 906.0
3 697.0

2 588.4
923.0

105 553.7
36 030.9

47 629.0
14 938.4

P<0.001
P<0.001

HBDH
AST
CK-MB
S-100
MYO
TNI

269.1

103.9

1 580.3

1 332.6

NS

597.5

185.3

3 655.2

4 374.7

1 252.5

844.0

10 569.1

5 038.1

P<0.05

3 986.5

2 123.0

26 018.5

11 485.7

P<0.001

538.3
0.08

11 339.8
1.56

14 029.3
0.78

NS
P<0.05

2 395.8
0.68

1 268.1
0.24

32 581.8
3.93

52 349.6
2.25

P<0.05
P<0.001

750.3
0.17

NS

LES: lower esophageal sphincter; GERD: gastroesophageal reflux disease; Visick I: symptom-free; Visick II-III: mild symptoms can be treated with medication; SE:
standard error; P: significance; NS: non-significant; CK: creatine kinase; LDH: lactate dehydrogenase; HBDH: -hydroxybutyrate dehydrogenase; AST: aspartate
aminotransaminase; CK-MB: creatine kinase MB (U/g soluble protein); S-100; MYO: myoglobin; TNI: troponin I (g/g wet weight).

Table 2 Lysosomal enzyme activities in normal LES and in LES operated due to gastroesophageal reflux, as well as in patients with and
without complaints in the postoperative period
LES

LES in GERD

Normal
Enzymes

Mean

GERD
SE

Visick I

Mean

SE

P

Mean

Visick II–III
SE

Mean

SE

P

CB

14 177.5

3 441.9

7 727.6

1 913.9

P<0.001

6 442.8

2 242.7

10 439.8

3 548.1

P<0.05

TPP I
DPP II

74 318.0
3 970.4

10 742.6
1 189.3

47 509.9
2 513.3

5 339.3
512.0

P<0.001
P<0.001

47 541.6
2 860.7

6 760.4
647.1

47 438.5
1 779.7

1 1067.2
744.1

NS
P<0.05

HEX

17 253.7

4 457.9

9 185.0

1 604.7

P<0.001

GCU

17 345.0

5 145.4

13 123.5

2 307.5

NS

BMAN
AMAN

4 207.5
962.4

1 246.1
726.8

2 922.9
469.9

587.7
172.2

BGAL

17 714.3

3 561.0

11 396.7

1 567.3

P<0.05
NS
P<0.001

9 528.2

2 267.2

8 460.4

2 054.9

13 980.1

3 263.8

11 315.2

2 541.3

NS
NS

3 248.4
567.4

824.1
232.8

2 235.9
238.5

481.4
108.9

NS
NS

11 733.9

2 241.9

10 684.9

1 821.4

NS

LES: lower esophageal sphincter; GERD: gastroesophageal reflux disease; Visick I: symptom-free; Visick II–III: mild symptoms can be treated with medication; SE:
standard error; P: significance; NS: non-significant; CB: cathepsin B; TPP I: tripeptidyl-peptidase I; DPP II: dipeptidyl-peptidase II; HEX: -hexosaminidase B; GCU:
-glucuronidase; BMAN = -mannosidase; AMAN: -mannosidase; BGAL: -galactosidase (pmoL/h·mg).
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without accompanying reflux symptoms may be due to a
myriad of causes, which include a slipped wrap, a wrap that
has been placed around the stomach rather than the
esophagus, a too tight or too long wrap, the development
of a stricture, the presence of a motor disorder of the
esophageal body, hitherto unknown factors, or a
combination of these.
So far, no adequately designed clinical trials have shown
any benefit with a tailored approach to anti-reflux surgery,
where motor function of the esophagus and in the
gastroesophageal junction is assessed pre-operatively to
determine the exact surgical procedure to be followed.
Lundell et al[9] supports this opinion, which found that
pre-operative manometric observations had no predictive
value regarding the outcome of either form of fundoplication
i.e., Nissen-Rosetti total fundic wrap and the 180 o partial
wrap. An important question is, therefore, whether patients
with chronic GERD benefit from anti-reflux surgery and
if not, whether it is possible to define the patient profiles
of these potential failures.
We looked for an answer by performing the biochemical
analysis of LES muscles of those suffering from chronic
gastroesophageal reflux disease. In the reflux-type muscle
we found a significant increase in energy-enzyme activities
CK, LDH, HBDH, AST, as well as, the concentrations of
the S-100 protein and TNI. Among lysosomal enzymes, we
found that the activities of CB, TPP I, DPP II, HEX,
BMAN and BGAL were significantly decreased as compared
to the control LES muscles. This is not in conflict with the
observation that, in the early stage of hypertrophy, the
protein synthesis and the activity of lysosomal glycosidases
and proteases temporarily increase, since proteins and
carbohydrates, that became unnecessary during muscle
transformation, have to be eliminated. However, after the

The HBDH/LDH ratio was significantly lower in the
reflux-type LES muscle as compared to the control group,
while the CK-MB/CK ratio showed no statistical differences
(Table 3).
Patients were followed up in the 2 nd and 12 th month
after the operation. Stratification of patients by Visick
classification at two months post-surgery showed more
patients with Visick I (n = 22) than with Visick II (n = 8) or
III (n = 1). The biochemical parameters of Visick II-III
patients were combined for comparison with Visick I
patients. The leading symptom in the Visick II-III group
was difficulty in swallowing (Table 4). In the Visick II-III
group, the activities of CK, LDH, HBDH, AST, CB
enzymes were significantly higher while DPP II lower than
in the Visick I group. Similarly, the concentrations of
S-100, TNI, and myoglobin were also significantly higher
in Visick II-III patients as compared to Visick I. At the oneyear control examination, four of these patients were
dissatisfied with the results of the operation. We performed
objective imaging and functional examinations for these four
patients, and found that the complaints of only one patient
could be explained by clear anatomical reasons, where
recurring hiatal hernia developed as a consequence of latent
brachy-esophagus.

DISCUSSION
With the renaissance of anti-reflux surgery, patients with
persistent, recurrent, or newly developed symptoms
following an anti-reflux procedure are likely to become a
more common problem in the near future. Recurrent reflux
is usually due to a breakdown of the repair and can
frequently be treated medically or by repeating the
procedure. In contrast, post-operative dysphagia with or

Table 3 Metabolic enzyme ratios in normal LES and in LES operated due to gastroesophageal reflux, as well as in patients with and without
complaints in the postoperative period
LES

LES in GERD

Normal

GERD

Visick I
Mean

Visick II–III

Enzymes

Mean

SE

Mean

SE

HBDH/LDH

0.337

0.009

0.319

0.006

P<0.001

0.321

0.009

0.318

0.008

NS

CK-MB/CK

0.005

0.003

0.006

0.003

NS

0.006

0.003

0.005

0.007

NS

P

SE

Mean

SE

P

LES: lower esophageal sphincter; GERD: gastroesophageal reflux disease; Visick I: symptom-free; Visick II–III: mild symptoms can be treated with medication;
SE: standard error; P: significance; NS: non-significant; HBDH: -hydroxybutyrate dehydrogenase; LDH: lactate dehydrogenase; CK-MB: creatine kinase MB; CK:
creatine kinase.

Table 4 Patient satisfaction index according to Visick in the 2nd and 12th postoperative months of 31 patients who had laparoscopic floppy
Nissen type operation due to gastroesophageal reflux disease
Visick
I Symptoms-free
II Mild symptoms

2 (mo, %)

12 (mo, %)

22 (71)
8 (26)

27 (87)
- Dysphagia

6/8

- Bloating

3/8

3 (10)

- Epigastric pain 2/8
III Can be treated with medication or with dilation

IV Reoperation needed

1 (3)

- Dysphagia

1 (3)

- Dysphagia

2/3

- Bloating

2/3

- Heartburn

1/3

- Dysphagia

- Heartburn

- Heartburn

- Belching

- Belching

-

-
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alteration of muscle structure and metabolism, there is no
need for increased protein degradation, as we found in a
previous study of muscle hypertrophy with stimulation of
muscle cells[10]. In our study the energy-enzyme activity and
the specific protein content in the muscle are proportional
to the protein synthesis processes, and the lysosomal enzyme
activities are proportional to the protein degradation
processes in the cardia muscle. The changes in lysosomal
enzyme activities have been found to be similar to those
found after treatment of rats with gamma irradiation;
both irradiation and reflux disease produced oxygen free
radicals[11,12].
The observation that increased muscular activity leads
to muscle hypertrophy has been published for a long time.
But only in the last decade, have newly developed models
helped to identify the factors that play a role in the
development of muscle hypertrophy. With continued
mechanical stimulation in differentiated avian skeletal muscle
cells, total protein degradation rate and several protease
activities have been seen to increase in the first 2-3 h and
return to control levels after several days, with total protein
degradation rates falling to levels below those seen in static
controls. Decreased protein degradation and the faster
protein synthesis contributed to stretch-induced cell growth.
Secretion and production of prostaglandin E2, F2 alpha[13]
and insulin-like growth factor 1 [14] were found to increase
with the mechanical stimulation. Recent studies have also
demonstrated that the calcium-activated transcription factor
NFATC2 controls myoblast fusion by secretion of IL-4
and prostaglandin F2 alpha[15,16].
In reflux disease there is an increase in frequency of
transient lower esophageal sphincter relaxations (TLESR)
after a meal, which may be related to a greater acid reflux.
Thus, an alteration in the triggering of TLESRs is now
accepted as one of the key features in the development of
gastroesophageal reflux disease[17].
This increased frequency of TLESR may be in the
background of the statistically evaluable decrease of
HBDH/LDH ratio found by us in chronic reflux-type LES
muscles. The shift of oxidative metabolism into glycolytic
i.e., anaerobic - direction can be explained by the greater
overstrain.
Dysphagia following fundoplication is a common
problem and generally occurs in all patients during the first
week after surgery. In the great majority of patients the
problem rapidly resolves, but in some patients it persists. In
the review by Pope[18], dysphagia was reported in 2-44% in
6 different series. This wide variation is attributed to differing
patient populations, differing techniques and differing
methods of evaluation.
This brings the question of why dysphagia occurs in the
first place. In the early post-operative days it is easy to
imagine a certain degree of swelling associated with lower
esophageal dysfunction, causing some difficulty in
swallowing. In the longer term, the simplest explanation for
dysphagia would be that the fundoplication is too tight.
Several studies, however, suggest that the degree to which
the LES region can be opened does not correlate with
dysphagia[19-21].
By analyzing the activity values of the 9 patients in Visick
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groups II and III at two months after surgery, we found a
significant increase in the activity of the so-called energyenzyme values and in the concentration of structural and
myofibrillar proteins as compared to the Visick group I
patients. This fact also calls attention to the great individual
differences of metabolic changes in the LES muscles of
reflux patients. The developing hypertrophy of LES muscles
may be a reason for complaints after anti-reflux surgery,
persistent dysphagia in particular. It is not yet known when
these metabolic changes begin to develop following reflux
periods, and indeed whether these changes are reversible.
It is readily evident, however, that interpatient variability in
these metabolic/biochemical changes’ rates of occurrence
represents a prognostic barrier in the treatment of GERD,
and that a “standard” mechanical wrap is not sufficient to
recover the highly complex, neurohormonally controlled
function of the LES in all patients.
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Abstract
AIM: The mucoprotective agents, sofalcone and
polaprezinc have anti- Helicobacter pylori ( H pylori )
activities. We determined the therapeutic effects of
sofalcone and polaprezinc when combined with rabeprazole,
amoxicillin and clarithromycin for Helicobacter pylori
infection.
METHODS: One hundred and sixty-five consecutive
outpatients with peptic ulcer and H pylori infection were
randomly assigned to one of the following three groups
and medicated for 7 d. Group A: triple therapy with
rabeprazole (10 mg twice daily), clarithromycin (200 mg
twice daily) and amoxicillin (750 mg twice daily). Group
B: sofalcone (100 mg thrice daily) plus the triple therapy.
Group C: polaprezinc (150 mg twice daily) plus the triple
therapy. Eradication was considered successful if 13C-urea
breath test was negative at least 4 wk after cessation of
eradication regimens or successive famotidine in the cases
of active peptic ulcer.
RESULTS: On intention-to-treat basis, H pylori cure was
achieved in 43 of 55 (78.2%) patients, 47 of 54 (87.0%)
and 45 of 56 (80.4%) for the groups A, B and C
respectively. Using per protocol analysis, the eradication
rates were 81.1% (43/53), 94.0% (47/50) and 84.9%
(45/53) respectively. There was a significant difference
in the cure rates between group A and B. Adverse events
occurred in 10, 12 and 11 patients, from groups A, B and
C respectively, but the events were generally mild.

CONCLUSION: The addition of sofalcone, but not
polaprezinc, significantly increased the cure rate of H pylori
infection when combined with the rabeprazole-amoxicillinclarithromycin regimen.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) causes type B chronic gastritis
and plays a critical role in the pathogenesis of peptic
ulceration[1,2]. Eradication of H pylori infection facilitates
ulcer healing and prevents recurrence[3-5]. In the quest for
optimal choice of drugs, dosage and duration, various
therapeutic regimens have been studied extensively during
the past few years. Among these, short-term low-dose triple
therapy, comprising of one proton pump inhibitor and
two antimicrobials from the choice of clarithromycin,
amoxicillin and metronidazole, is currently considered the
gold standard regimen[6,7]. The new proton pump inhibitorbased triple therapies provide high eradication rates, which
are generally more than 80%. In fact, we reported that a
7-d course of rabeprazole, a novel potent proton pump
inhibitor, 10 mg b.d. plus amoxicillin 750 mg b.d. and
clarithromycin 200 mg b.d. showed satisfactory results[8] .
Nevertheless, there are still some disadvantages to be addressed
such as drug resistance when considering the PPI-based
triple therapies[9-13]. With the rising prevalence of resistance
of H pylori to metronidazole or clarithromycin, failure rates
of the PPI-based regimens are expected to increase[12,13].
A variety of gastric mucoprotective agents have been
used as anti-ulcer drugs, usually in combination with antacids,
in the upper gastrointestinal tract [14]. Among these,
rebamipide, ecabet sodium, sofalcone, polaprezinc, plaunotol
and sucralfate are uncomplicated by drug resistance and
have anti-H pylori activities[14-21]. Therefore, the theoretical
rationale for adding such mucoprotective drugs to ordinary
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eradication regimens is that these may meet demands of
improved treatment outcome without the development of
resistance.
There are several reports on the additive effects of
mucoprotective drugs in eradication regimens, but most of
the study designs were not randomized and the sample sizes
were limited[14,22-27]. In addition, there is little information
on the most effective mucoprotective drugs. This
prospective, randomized study was designed to determine
whether the inclusion of sofalcone or polaprezinc increases
the cure rate of H pylori infection when combined with the
rabeprazole-amoxicillin-clarithromycin therapy.

MATERIALS AND METHODS
Patients
The present study was designed as a prospective, open,
randomized and controlled trial, which was performed
between January 1999 and December 2002. The study was
conducted according to Good Clinical Practice and the
Declaration of Helsinki. All patients gave informed consent
prior to their inclusion in the study.
The patient population comprised 165 consecutive
outpatients with peptic ulcer and H pylori infection. Exclusion
criteria were: age <18 years, pregnancy or lactation, severe
concomitant diseases, previous medications effective against
H pylori such as bismuth compounds, proton pump inhibitors,
or antibiotics during the last 3 mo, alcohol abuse, drug
addiction, chronic corticosteroid or nonsteroidal antiinflammatory drug use, and previous gastroduodenal
surgery. Information on alcohol intake and smoking habits
was obtained at entry into the study. Ex-smokers and social
drinkers were considered as nonsmokers and nondrinkers
respectively.
Diagnosis of H pylori infection[28,29]
The presence of H pylori was confirmed by serology (antiH pylori Immunoglobulin G antibody, HEL-p TEST,
AMRAD Co., Melbourne, Australia), rapid urease test
(Helicocheck, Otsuka Pharmaceutical Co., Tokushima,
Japan) and histology (Giemsa staining) using two biopsy
specimens obtained during endoscopy from each the antrum
(within 2 cm of the pyloric ring) and the corpus (along the
greater curvature). Patients were considered to be infected
with H pylori when at least two of these examinations gave
positive results. Patients were classified as H pylori-negative
when all test results were negative. Patients who had only
one positive result were not included.
Clinical trial
The enrolled patients were randomized by drawing a sealed
envelope that contained pre-assigned treatment instructions.
They were allocated to one of the following three groups
and were medicated for 7 d: group A, which received
rabeprazole 10 mg b.d., clarithromycin 200 mg b.d. and
amoxicillin 750 mg b.d.; group B, which received sofalcone
[2’-carboxymethyl 4, 4’-bis (3-methyl-2-butenyloxy)
chalcone] 100 mg t.i.d., in combination with rabeprazole
10 mg b.d., clarithromycin 200 mg b.d. and amoxicillin
750 mg b.d.; group C, polaprezinc, zinc L-carnosine [N- -
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aminopropionyl-L-histidinato zinc (II) 150 mg b.d. in
combination with rabeprazole 10 mg b.d., clarithromycin
200 mg b.d. and amoxicillin 750 mg b.d. Both the sofalcone
and polaprezinc were prescribed as the standard daily dosage.
If an active ulcer (defined as a circumscribed break in the
mucosa measuring at least 5 mm in diameter with apparent
depth and covered with an exudate30) was found at baseline
endoscopy, it was treated with an H2-receptor antagonist
(famotidine 20 mg twice daily) for 4 wk after the eradication
therapy. In cases of peptic ulcer scar, no other ulcer healing
drugs were provided throughout the study. Participants
returned at the conclusion of therapy for interview regarding
adverse events. Compliance with medication was checked
immediately after stopping treatment by counting the
number of returned pills. Four weeks after cessation of
eradication therapy, repeat endoscopy was performed to
assess H pylori status by the rapid urease test and histology
as before treatment. In patients with peptic ulcer in the
active phase, the endoscopy-based tests were performed
4 wk after stopping famotidine (8 wk after the completion
of eradication). Ulcer healing (defined as complete reepithelialization) was assessed at the time of repeat
endoscopy. Furthermore, we adopted the 13C-urea breath
test for the evaluation of H pylori cure 4 wk or longer after
completion of treatment. In patients with active peptic ulcer,
the 13C-urea breath test was performed 4 wk or longer after
completion of the ulcer treatment with famotidine (at least
8 wk after completion of the eradication therapy). The urea
breath test was performed as described previously31. Briefly,
13
C-urea at 100 mg (Otsuka Pharmaceutical Co.) was
dissolved in 100 mL of water. The test solution was ingested
while in the sitting position, followed immediately by mouth
rinsing. The patient was subsequently placed in the left
decubitus position for 5 min and then in the sitting position
for 15 min. Breath samples were collected, at baseline and
20 min after dosing and then analyzed using an isotopeselected nondispersive infrared spectrometer; UBiT-IR200
(Otsuka Electronics Co., Hirakata, Japan). The cut-off value
was set at 2.5%; eradication of H pylori was considered
successful if all test results were negative[31].
Statistical analysis
H pylori cure rate was evaluated by intention-to-treat (ITT)
and per protocol (PP) analyses. ITT analysis included all
enrolled patients and patients who dropped out were
regarded as treatment failures. PP analysis included all
patients who took at least 80% of each study medication as
prescribed and returned for assessment of H pylori cure[24].
The cure rate was calculated together with 95% confidence
intervals (CI). Statistical analyses were performed using
the 2, Fisher’s exact and Student’s t-tests, as appropriate.
A P value less than 0.05 was accepted as statistically
significant.

RESULTS
The enrolled patients comprised 125 men and 40 women,
with a mean age of 46 years (range, 21-73). They included
101 patients with gastric ulcer, 59 with duodenal ulcer and
5 with gastroduodenal ulcer. The peptic ulcer was in the
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active phase in 87 patients. The baseline characteristics of
the study population are listed in Table 1. The three treatment
groups were well matched for gender, age, body weight,
alcohol intake, smoking habits and baseline diagnosis. Of
the 165 patients enrolled in this study, 4 patients (1 from
group A, 1 from group B and 2 from group C) were lost to
follow-up. Furthermore, 5 patients (1 from group A, 3 from
group B and 1 from group C) were excluded from PP
analysis as their compliance was less than 80%, leaving 156
patients for PP analysis.

one patient from group B due to skin rash. Overall, the
adverse events were mild and self-limited. No significant
differences in the incidence and proportion of adverse events
were observed among the three groups.

Table 3 Adverse events in the three treatment groups (n, %)
Group A1

Mean age, yr (range)

Group B1

Group C1

45.3 (21-73)

47.2 (27-71)

45.6 (21-71)

Male/female

41/14

Mean weight, kg (range) 60.7 (42.5-70.0)
Smokers (%)

23 (41.8)

42/12

42/14

59.8 (40.5-70.0)

58.7 (38.5-79.0)

28 (51.6)

24 (42.6)

Alcohol drinkers (%)

21 (38.1)

28 (51.6)

23 (41.1)

Gastric ulcer (%)

34 (61.8)

31 (57.4)

36 (64.3)

Duodenal ulcer (%)

19 (34.5)

21 (38.9)

19 (33.9)

2 (3.6)

2 (3.7)

1 (1.8)

27 (49.1)

32 (59.3)

28 (50.0)

Gastroduodenal ulcer (%)
Active ulcer (%)

1
Group A: triple therapy with rabeprazole (10 mg twice daily), clarithromycin
(200 mg twice daily) and amoxicillin (750 mg twice daily). Group B: sofalcone
(100 mg thrice daily) plus the triple therapy. Group C: polaprezinc (150 mg twice
daily) plus the triple therapy. Patients received the medications for 7 d in each
group.

Table 2 shows ITT and PP H pylori eradication rates in
each treatment group. In the ITT analysis, there were no
significant differences in H pylori cure rates among the three
groups, while the PP-based eradication rate in group B was
significantly higher than that in group A (P<0.05).
Background characteristics including age, gender, body
weight, current tobacco use, alcohol intake and baseline
diagnosis did not affect treatment outcome.

Table 2 Intention-to-treat and per protocol cure rates of H pylori
infection
Group1 Intention-to-treat (%)

95% CI2

Per protocol (%)

95% CI

A

78.2 (43/55)

66.9-89.4

81.1 (43/53)

70.2-92.0

B

87.0 (47/54)

77.8-96.4

94.0 (47/50)

87.2-100.0

C

80.4 (45/56)

69.6-91.1

84.9 (45/53)

73.1-93.6

1
See Table 1 for the definition of each group. Patients received the medications
for 7 d in each group; 2CI: Confidence intervals.

At the following endoscopy, ulcer healing was
comparably observed in 24 out of 27 patients in group A
(88.9%, 95%CI = 76.2-100%), 28 out of 32 in group B
(87.5%, 95%CI = 75.4-99.6%) and 24 out of 28 (85.7%,
95%CI = 71.9-99.5%).
Adverse events were noted in 10 patients from group
A, 12 from group B and 11 from group C. These included
diarrhea or soft stools, heartburn, nausea and skin rash
(Table 3), and resulted in discontinuation of treatment in

Group C1

8 (14.5)

7 (13.0)

9 (16.1)

Heart burn
Nausea

1 (1.8)
1 (1.8)

4 (7.4)
1 (1.9)

1 (1.8)
0 (0.0)

Total

Group A1

Group B1

Diarrhea or soft stool

Skin rash

Table 1 Patients’ characteristics
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0 (0.0)

0 (0.0)

1 (1.8)

10 (18.2)

12 (22.2)

11 (19.6)

1

See Table 1 for the definition of each group. Patients received the medications
for 7 d in each group.

DISCUSSION
The generally assu med mechanisms of action of
mucoprotective agents involve up-regulation of gastric
mucosal defense during the process of recovery from
mucosal injury[14]. Some of these drugs are also reported to
have anti-H pylori activities through different mechanisms[14-21].
Amidst this background, a series of trials have been carried
out in which such mucoprotective agents were added to the
original dual or triple therapy regimens in an attempt to
improve the efficacy[22-27]. The meta-analysis study of Hojo
et al[14], supported the view that the eradication rates can be
enhanced by adding mucoprotective agents to dual therapies.
However, such agents could not be employed as alternative
drugs for antimicrobials such as metronidazole and
clarithromycin as dual therapies plus any mucoprotective
agents were still unacceptable for the treatment of H pylori
infection[14,22,26]. On the other hand, Hojo et al[14], could not
validate the positive effect of mucoprotective agents in triple
therapies. While this lack of additive efficacy may be due
to high eradication rates already provided by triple therapy
regimens, most trials were not randomized and the sample
sizes were limited. Thus, we sought to evaluate the efficacy
of sofalcone or polaprezinc when combined with the new
triple therapy. To our knowledge, this is the first prospective,
randomized and controlled trial undertaken to determine
which of the two mucoprotective agents produces better
H pylori eradication.
Sofalcone is a type of flavonoid and a synthetic
derivative of sophoradine isolated from the root of the
Chinese medicinal plant Sophora subprostrata[32]. Besides its
mucosal protective action, sofalcone has a direct bactericidal
effect on H pylori, with a minimum inhibitory concentration
of 55-222 mol/L, anti-urease activity and reduces the
adhesion of this organism to gastric epithelial cells[18,19] .
Polaprezinc is an insoluble chelate compound consisting of
a zinc ion and L-carnosine and exerts potent mucoprotective
activities[33]. It also inhibits the growth of H pylori, in addition
to its urease activity and adhesion to gastric mucin[17,25]. Thus,
we expected additive effects of the two mucoprotective
drugs in the original proton pump inhibitor-based triple
therapy. This was the case in the inclusion of sofalcone,
but not polaprezinc. A 7-d course of quadruple therapy
consisting of sofalcone, rabeprazole, amoxicillin and
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clarithromycin demonstrated satisfactory treatment
outcome, H pylori eradication rate being not less than 94%
on the PP basis. On the other hand, the co-prescription of
polaprezinc did not improve the cure rate, which was
comparable to the existing rabeprazole-amoxicillinclarithromycin regimen.
Sakaki et al[24], reported that 7-d omeprazole-amoxicillinclarithromycin combination therapy yielded satisfactory
results by the addition of sofalcone. Moreover, adding this
drug improved the eradication rate in dual therapy with
lansoprazole and amoxicillin[34]. Kodama et al [23], reported
that combination therapy of clarithromycin and sofalcone
yield 69.2% of eradication rate without the incorporation
of anti-secretory drug. Although the study designs were nonrandomized and the sample sizes were not large enough to
find any significant differences, it is of clinical importance
that sofalcone may possess the ability to latently increase
the efficacy in H pylori eradication.
In contrast to our study, the addition of polaprezinc to
triple therapy with lansoprazole, amoxicillin and clarithromycin
significantly improved the cure rate of H pylori in a
randomized controlled trial[25]. Kuwayama et al[35] reported
that this agent in combination with low dose metronidazole
(750 mg/d) and amoxicillin (750 mg/d) produced a 100%
H pylori eradication. The exact reason for this discrepancy
remains unknown, but many factors may affect eradication
efficacy such as physical structure of the patient, smoking
habits, compliance in taking the therapeutic drugs, genetic
predisposition of cytochrome p450 2C19, which metabolizes
proton pump inhibitors, and frequency of strains resistant
to antimicrobials[9-13,36,37]. In the present study, there were
no significant differences in the baseline characteristics
among the trial arms. The incidence of adverse events was
comparable among the three treatment groups, affecting
approximately 20% of patients, which is similar to previous
data[28-30]. These adverse events were generally mild, causing
discontinuation of therapy in only one patient. Thus, each
treatment regimen was well tolerated, leading to excellent
compliance in the current study. In addition, the action of
rabeprazole is known to be less affected by genetic
polymorphisms of the metabolic enzyme[38]. In this study,
susceptibility of H pylori to antibiotics was not assessed,
although we did endeavor to minimize the risk of antibiotic
resistance by excluding patients who had taken medications,
effective against the organism. However, Hoshiya et al[11] ,
reported that based on the current wide use of clarithromycin,
no less than 12.5% of their H pylori infected patients showed
primary resistance to this agent. Clarithromycin resistance
has been considered a key factor in determining the outcome
of anti-H pylori therapies[10,12,13,28] , and it might influence
treatment results of the present eradication regimens
incorporating this drug. Further studies should be conducted
to determine the efficacy of mucoprotective agents in
treating clarithromycin-resistant H pylori.
In conclusion, our results indicated that sofalcone
provides a significant additive effect in the eradication of
H pylori infection, when combined with rabeprazole,
amoxicillin and clarithromycin. In contrast, polaprezinc
inclusion did not improve treatment outcome of the original
triple therapy. Each treatment arm yielded equally good
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acceptability and compliance. In clinical practice, further
work should be conducted to identify the most effective
mucoprotective agents with anti-H pylori activities when
combined with existing eradication regimens.
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Abstract
AIM: To investigate mutation of serine protease 1–cationic
trypsinogen (CT, PRSS1) gene in members of a Thai
family with hereditary pancreatitis and pancreatic cancer.
METHODS: Polymerase chain reaction and direct
sequencing were performed to analyze the PRSS1 gene
in two members of the family affected by pancreatitis.
Allele specific amplification (ASA) method was then
developed to detect the mutation of the PRSS1 gene in
all available members of the family and normal control
subjects.
RESULTS: A cytosine (C) to thymine (T) mutation at
position 2441 (g.2441C>T) of the PRSS1 gene, which
results in a substitution of arginine by cysteine at position
116 (R116C) of CT, was identified by direct sequencing in
both clinically affected members of the family but was
not found in the unaffected member. This mutation, which
might be arising from deamination of methylated cytosine
in CpG dinucleotide of codon 116 (CGT>TGT), was also
detected by the ASA method in the two affected members
and a proband’s brother but was not observed in
unaffected members and 54 normal control subjects.
CONCLUSION: Autosomal dominant pancreatitis with
increased cancer risk in the studied Thai family is most
likely due to missense (R116C) mutation in the PRSS1
gene.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hereditary pancreatitis (HP; OMIM 167800) is an autosomal
dominant disorder characterized by multiple episodes of
acute pancreatitis, development of chronic pancreatitis and
high incidence of pancreatic cancer (up to 40% of HP
patients) with approximately 80% penetrance and variable
expressivity[1-3]. Mutations in serine protease 1 or cationic
trypsinogen (CT, PRSS1) gene have been initially identified
as a causative mutation for HP[4,5]. PRSS1 encodes CT protein,
which plays a crucial role in food digestion at the duodenum.
It is autoactivated to trypsin by cleavage of 8 amino acids,
from alanine 16 to lysine 23 residues (APFDDDDK) next
to the N-terminal signal peptide of 15 residues. The
activated trypsin can then autolyze itself at the primary
autolysis site, arginine 122[6,7].
Most of the 17 PRSS1 mutations discovered, to date,
occur within or near important enzymatic domains of CT
and locate only in exons 2 and 3, and the promoter region
of the PRSS1 gene (http://uwcmml1s.uwcm.ac.uk/uwcm/
mg/search/119620.html). The majority of mutation,
accounting for approximately 70% of HP cases, affects
CT at arginine 122 residue by changing either to histidine
(R122H) in most cases or to cysteine (R122C) in rare cases.
The second most often mutation, accounting for approximately
20%, is at asparagine 29, which is frequently changed to
isoleucine (N29I) and rarely altered to threonine (N29T).
The two most common PRSS1 mutations (R122H and
N29I) have been found in families with typical HP[4,8]. A16V
and R116C are the mutations reported in several families
with idiopathic chronic pancreatitis (ICP) but no history of
HP with A16V having a low penetrance characteristic[9-12].
Other mutations identified in PRSS1 include TCCdel-28,
D22G, K23R, P36R, E79K, G83E, K92N, D100H, L104P,
V123M and C139F. However, almost all of these mutations
were individually reported in a single small family without
history of HP, but with ICP[11-15].
The precise mechanism by which these PRSS1 mutations
cause HP disease remains unclear. However, it is believed
to be a gain-of-function due to increased activity or stability
of trypsin and/or decreased trypsin inactivation [7,16,17],
leading to autolysis of the pancreatic tissue. Thus, the possible
mechanisms may be: (1) enhanced autoactivation of
trypsinogen by mutations at the autoactivation site (A16V,
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D22G, K23R)[9,13,15], (2) stabilization of trypsin by N29I[16],
and (3) disruption of the trypsin hydrolytic recognition site
by R122H[16]. A recent report by Teich et al[18] has raised a
novel mechanism of action for pancreatitis-associated
trypsinogen mutations. Surprisingly, E79K markedly inhibited
autoactivation of CT but, in contrast, could activate anionic
trypsinogen encoded by PRSS2. These findings suggested
that interactions between the two major trypsinogen isoforms
might also play a role in the development of HP. It has
been proposed that while gain-of-function mutations of
PRSS1 resulted in pancreatitis, loss-of-function mutations
(Y37X and IVS2+1G>A) in the gene might provide
protective effect against the disease[19].
Molecular study of HP patients has been carried out
and reported mainly in Caucasian. There are limited data
obtained from Eastern population, such as those obtained
from Japanese, while studies of patients with chronic
pancreatitis in Korea and Bangladesh could not show hotspot mutations of PRSS1[20,21]. Here, we report a mutation
of PRSS1 in a Thai family with HP and pancreatic cancer.

MATERIALS AND METHODS
Patients
A 55-year-old Thai woman was admitted to Siriraj Hospital
with 3-mo history of recurrent upper abdominal pain,
jaundice and steatorrhea. Biochemical testing showed
diabetes mellitus, whereas cholesterol, triglyceride and HDLcholesterol were in normal ranges. Liver enzymes were
elevated (SGOT 375 U/L and SGPT 634 U/L). Diagnostic
imaging demonstrated a pancreatic pseudocyst and pancreatic
duct stones at the head of pancreas. Endoscopic retrograde
cholangiopancreaticography was performed and showed that
the first part duodenum had generalized swelling and bulging
papilla. Attempt to cannulate pancreatic duct was unsuccessful
and patient underwent pancreato-jejunostomy. One year after
being the operation, the patient developed adenocarcinoma
of the head of pancreas from which she died shortly later
without blood sample collection for genetic testing. Family
history revealed two additional members with confirmed
history of acute pancreatitis. Patient’s son (III-2) and her
younger sister (II-5) both suffered an episode of acute
pancreatitis at the age of 15 and mid-30s, respectively. They
are currently well without further episode, and after
thoroughly examined by one of us (C.L.), no biochemical
and radiographic evidence of pancreatitis could be
demonstrated. Indeed, the son was the first member who
became symptomatic. Moreover, the patient’s mother died
in her 60 s with unconfirmed diagnosis of “abdominal
cancer”. None of the symptomatic members consumed
alcohol but there is a 44-year-old asymptomatic male (II-6)
who had a drinking habit. There are 3 clinically symptomatic
and 6 asymptomatic members of three generations in the
pedigree of this family. The family consented for drawing
blood in 2 affected and 6 asymptomatic members, while
the proband did not give her consent before her death.
Blood samples, from 54 persons who had no history of
pancreatitis, were also collected as control subjects. This
study was conducted in accordance with the Faculty of
Medicine Siriraj Hospital Ethics Committee’s guidelines
according to the Helsinki Declaration.
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DNA isolation and amplification by PCR
Genomic DNA samples from peripheral blood were
prepared using standard phenol-chloroform extraction
procedure. Nucleotide sequence of 390 bp encompassing
exon 3 of the PRSS1 gene was amplified by polymerase
chain reaction (PCR) using a primer pair: PRSS1F (5’TCCATGAGCAGAGAGCTTGAGGAA-3’) and PRSS1R
(5’-TGTGAGGATGGAGGGAAGTAGAAGGACT-3’)[22].
PCR amplification was performed with 25 L reaction
volume containing 200 ng genomic DNA, 1× PCR buffer
(QIAGEN, Germany), 0.2 mmol/L of each dNTP, 10 pmoL
of each primer and 0.5 U Taq DNA polymerase (QIAGEN).
The PCR product was generated by amplification under
conditions as follows: the initial 5-min denaturation at 94 ℃,
followed by 35 cycles at 94 ℃ for 30 s, 56 ℃ for 30 s, 72 ℃
for 30 s, and a final 7-min elongation step at 72 ℃. Aliquot
(10 L) of the PCR reaction was then loaded onto 25 g/L
agarose gel to verify the size and quantity of the PCR
product prior to sequencing.
DNA sequence analysis
The PCR products from all the samples were purified using
the QIAquick PCR Purification Kit (QIAGEN) according
to the manufacturer’s protocol. Sequencing was accomplished
by the use of the Applied Biosystems (ABI) Prism Big Dye
Terminator Cycle Sequencing Reading Reaction Kit and
ABI Prism model 310 DNA sequencer (PE Applied
Biosystems, Foster City, CA). All the products were sequenced
in both directions with the same forward (PRSS1F) and
reverse (PRSS1R) primer pairs as used for the PCR.
Allele specific amplification
For subsequent determination of prevalence of R116C
missense mutation in population, allele specific amplification
(ASA) using two specifically designed primers, R116F-N
(5’-ATCATGTTAATCAAGCCCTCCTGAC-3’) for the
wild-type allele and C116F-M (5’-ATCATGTTAATCAAGCCCTCCTGAT-3’) for the mutant allele, was performed
in 54 normal control subjects (108 chromosomes). Each
primer was included in a separate PCR mixture with a
common primer, Ex3R (5’-AGCTCGTCTGGGTAGTCGGCTGTGA-3’) to yield an allele-specific 555-bp product.
An internal control fragment of growth/differentiation factor
5 (GDF5) gene was amplified by a pair of primers, GDF3F (5’-CTGAACCCAAGCCAGGACA-3’) and GDF-3R (5’GTACTCGTGGGGTGTGATG-3’) producing a 206-bp
product. Twenty-five microliters of PCR reaction mixture
contained 200 ng genomic DNA, 1×PCR buffer (QIAGEN),
0.2 mmol/L of each dNTP, 20 pmoL of each allele-specific
primer, 5 pmoL of both internal control primers and 0.5 U
Hot Star Taq DNA polymerase (QIAGEN). The PCR cycling
condition consisted of an initial denaturation step at 95 ℃
for 10 min, followed by 38 cycles of 94 ℃ for 20 s, 53 ℃
for 20 s and 72 ℃ for 45 s, with a final elongation step at
72 ℃ for 10 min. The PCR products were examined by
agarose gel electrophoresis using a 25 g/L agarose gel run
in 0.5× TBE and stained with ethidium bromide.

RESULTS
Exon 3 of PRSS1 was amplified by PCR and directly
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sequenced in two clinically affected members of the Thai
HP family with HP. A heterozygous nucleotide substitution
at position 2441 (g.2441 C>T) was identified (Figure 1),
resulting in an amino acid substitution of arginine (CGT)
by cysteine (TGT) at residue 116 (R116C) of the encoded
protein. ASA was then developed to specifically detect the
mutation in all available 8 family members as well as 54
normal control subjects. The results of ASA analysis in the
HP family (Figure 2) showed the presence of R116C
mutation in 3 individuals, while screening in normal control
subjects did not identify the mutation (data not shown).
In the 3 mutation-positive individuals, 2 individuals (sister
and son of the proband) had history of acute pancreatitis
and 1 individual (younger brother of the proband) remained
asymptomatic with an alcohol drinking habit.

DISCUSSION
CT is a trypsin precursor peptide that is synthesized within
human pancreatic acinar cells and auto-activated to be trypsin
by removing its signaling peptide portion of 23 amino acids.
HP has been hypothesized to be caused by increased trypsin
activity and/or decreased trypsin inactivation, leading to
excessive trypsin in the pancreas and, ultimately, pancreatic
autolysis. Mutations in PRSS1 have been initially identified
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Figure 1 Chromatogram of DNA sequences in exon 3 of PRSS1
gene in a normal control (A) and a patient with chronic pancreatitis
(B). The tracing of the patient reveals a heterozygous missense
mutation, g.2441C>T or c.346 C>T, which would result in a substitution of arginine (CGT) by cysteine (TGT) at amino acid residue 116
(R116C).
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as the cause of this disease since 1996[4]. To date, a total of
17 PRSS1 mutations that cause chronic pancreatitis have
been described and reported (Figure 3). R122H is the first
mutation identified by Whitcomb et al[4], and has been most
frequently identified in more than 100 unrelated patients
worldwide. N29I is the second most frequent mutation
identified in more than 50 unrelated patients[8]. Comparison
of patients with the two most common mutations has shown
that the patients with R122H have younger age at onset
and more requirements of surgical interventions than those
with N29I[23,24].
This study was initially aimed to analyze the two most
common mutations, R122H and N29I, of PRSS1 gene in a
Thai family with clear features of HP. The expected mutations
were not found in the affected subjects. However, another
missense mutation causing a replacement of arginine (CGT)
with cysteine (TGT) at the 116th residue of CT, R116C,
was identified. This mutation was initially reported as an
allelic variant to GenBank as TRYP1-R116C allele (accession
number AF315310). Screening of 54 normal control subjects
(108 chromosomes) revealed no such change, supporting
its pathogenicity. In addition, R116C is a known mutation
previously reported on 3 occasions in a total of 8 patients:
in two unrelated ICP patients from France[10]; in a Turkish
family affected by atypical HP (only two of four members
who carried this mutation in one allele developed ICP)[11];
and in a German family whose autosomal dominant inheritance
of chronic pancreatitis was not clear (R116C was detected
in unaffected mother and her affected young daughter)[12].
These data have demonstrated that R116C might lead to
chronic pancreatitis with only low penetrance. In the present
work, R116C was found in two symptomatic individuals
(III-2 and II-5) and one asymptomatic member (II-6) of a
Thai family. It may be possible that the disease in the latter
member has not been developed or its penetrance is
incomplete.
We believe that R116C occurs by deamination of cytosine
in CpG dinucleotide, a well-known phenomenon that causes
the C>T change. An argument can be made about the true
pathogenicity of R116C since the arginine residue at position
116 is not conserved among species. However, as it has
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Figure 2 Allele specific amplification (ASA) analysis of R116C in
the HP family. In two affected (II-5 and III-2) and one unaffected (II-6)
individuals, two bands (555 bp) amplified from both wild-type (C) and
mutant (T) alleles are shown as heterozygous genotype, whereas
only wild-type alleles (C) are present in the rest of unaffected individuals (I-1, II-1, II-3, II-4 and III-1). PCR products of 206 bp are shown
as internal control in all lanes.

Figure 3 The schematic diagram of PRSS1 mutations discovered,
to date, and their positions on the encoded protein. PRSS1 protein is shown with five regions, each of which encoded by a different exon, depicted with varying shaded blocks. The arrowheads represent the proteolysis cleavage sites of the protein
resulting in various forms of trypsin biogenesis.
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been shown from a recent computational analysis of mutational
spectrum of 436 genes in the human genome, pathogenic
mutations can indeed occur in non-conserved region of
the gene[25]. Moreover, the nature of amino acid alteration
in R116C (from non-sulfhydryl to sulfhydryl one) is considered
to be far more radical than what usually observed among
species[26]. Therefore, R116C is capable of being pathogenic
from a functional point of view.
The mechanism of how R116C causes pancreatitis
remains unclear. Computer modeling by Tautermann and
colleagues[11] demonstrated the decreased chain flexibility
of residues 112-118 of the CT molecule caused by the
presence of cysteine at position 116. It is conceivable that
the R116C mutation may have an effect on the motion of
the semiflexible side chain containing R122 by interfering
with the movement of oligopeptide chain into hydrolysis
position and preventing an attack to the primary autolysis
site at R122, resulting in an increased stability of trypsin[10].
Another potential mechanism is that the mutation results in
disulfide-bridge formation with another proximal cysteine
residue in the tertiary structure of trypsinogen polypeptide
and, thus, plays a prominent role in increasing protein
stability and decreasing its autolysis. However, none of these
hypotheses has been critically studied.
The clinical manifestation of pancreatitis in this family
merits some comments. Firstly, this is the first report of a
family fulfilling the criteria for HP that has been shown to be
due to R116C. The other previous three reports were mostly
from sporadic symptomatic cases[10-12]. Our family confirms
the dominant nature of this particular mutation. Secondly,
this report exemplifies the intermittent nature of symptom
shown in most family members rather than the chronic
persistent symptom found in most HP. This phenomenon
may not be common for all mutations and may be specific
to this R116C mutation. This remains to be elucidated with
further reports of similar and different mutations. Thirdly,
the proband was later diagnosed with pancreatic cancer that
was also suspected in her mother. This is contrary to the
increased risk of pancreatic cancer found especially in the
paternally inherited case[27]. If the diagnosis was certain, this
might imply high cancer risk for this particular mutation
that is different from the R122H mutation, which has
negative contribution to the pathogenesis of a substantial
fraction of pancreatic cancer[28]. It is well known that allelic
heterogeneity of mutation may give rise to different clinical
phenotypes. Cancer risks may therefore vary among different
PRSS1 mutations. This may eventually lead to different
choices of surgery depending upon the type of mutation
and its associated cancer risk. Lastly, this family demonstrates
variable age of onset, as well as incomplete penetrance for
HP. These characteristics make diagnosis of HP in the first
case difficult. From our experience with this family, there
may be a benefit in justifying molecular testing in proband
with very young age even though the history is not consistent
with typical chronic pancreatitis.
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Abstract
AIM: The significance of preoperative serum IL-6, TNF
and CRP levels in the progression of colorectal cancer
(CRC) has not been fully elucidated. Our intention was to
investigate their role and identify their prognostic
significance.
METHODS: The IL-6, TNF and CRP levels were measured
in 74 CRC patients and the relationships between their
elevations and both the clinicopathological factors and
prognosis of patients w ere inves tigated. Serum
concentrations of human IL-6 and TNF were determined
by enzyme-linked immunosorbent assay (ELISA). CRP was
measured by an immunoturbinometric method.
RESULTS: Median IL-6, TNF and CRP levels were
significantly higher in CRC patients than in normal controls.
High levels of serum IL-6, TNF and CRP were correlated
with larger tumor size. Furthermore, high IL-6 and high
CRP levels were associated with reduced overall survival.
CONCLUSION: Serum IL-6, TNF and CRP levels definitely
increase in CRC patients. Pre-operative serum elevation
of IL-6 and CRP was thus found to be predictor of the
prognosis of CRC patients. The clinical value of TNF in
CRC needs to be further investigated.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) represents a significant cause of
morbidity and mortality worldwide. Currently available
chemotherapy for the disease remains unsatisfactory,
particularly in patients with advanced CRC. Previous
attempts to use immune therapy to treat CRC did not seem
to be very effective either [1]. The anti-tumor immune
response is regulated by several factors, including cytokines
produced by the tumor and other cells of tumor stroma[2].
Cytokines can modulate expression of tumor antigens,
adhesion molecules and production of immunosuppressive
factors by tumor cells. It is plausible that the local cytokine
microenvironment, acting on the tumor cell or on the
adjacent cells, can either block or facilitate tumor growth.
Cytokine regulation of human CRC is not clearly
understood. However, it has been postulated that proin fl amm ato ry cy to kin es st ron gl y i nf lu e nce t he
immunological status of CRC[3] . Among them, IL-6 and
TNF can initiate the innate immune response by inducing
the acute phase of inflammation[4,5]. Additionally, IL-6 also
appears to be involved in malignant transformation, tumor
progression and tumor-associated cachexia, as reported in
studies on Kaposi’s sarcoma [6], multiple myeloma[7], renal
cell carcinoma[8], prostate cancer[9], ovarian cancer [10] and
breast cancer[11]. TNF is also an important factor in the
tumor microenvironment in human CRC. However, the
role of TNF in the local regulation of tumor growth is
unclear. Barth et al[12] reported that better survival of CRC
patients was associated with a larger number of TNF
expressing cells than in normal mucosa. However, TNF
may also play a negative role, favoring the growth of
colorectal cancer by enhancing neo-vascularization and
tumor metastases and down regulating the cell-mediated
immune response by induction of soluble mediators such
as IL-10[13-15].
Furthermore, C-reactive protein (CRP), a protein
synthesized in the hepatocytes, has also been reported to be
related both to the malignant potential of the neoplasms
and to physical cachexia[16]. CRP belongs to the family of
acute phase proteins, which are up regulated by cytokines,
such as IL-6 and TNF[17]. Studies in patients with colorectal
cancer indicated that those with elevated serum CRP
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concentrations had poorer prognoses than those whose CRP
level were not increased. In addition, it has been suggested
that increased CRP was associated with more frequent local
tumor invasion[18], more advanced pathologic stage[19] and a
higher rate of recurrence[20,21].
In light of the above, the purpose of our study was to
measure the serum levels of IL-6, TNF and CRP in Greek
patients with colorectal cancer and to analyze these levels
in relation to the clinicopathological findings.

MATERIALS AND METHODS
Patients
The study population consisted of 74 consecutive patients,
who underwent resections for local colorectal cancer lesions,
from September 2001 to September 2003 at D´Department
of Surgery, Athens University Medical School. Patients with
concomitant diseases (e.g., infectious diseases, inflammatory
bowel disease, autoimmune conditions, allergy, asthma, etc.)
capable of raising the serum levels of IL-6, TNF, and/or
CRP were excluded for the study. The patients ranged from
33 to 86 years of age (mean±SD: 66.83±10.45 years,
mean±SE: 66.83±1.24 years) and consisted of 39 males
and 35 females. All patients gave their informed consent
and the hospital review board approved the study. The
colorectal cancer was located in the cecum and ascending
colon in 16 patients (21.62%), the transverse colon in 3
(4.05%), descending colon and sigmoid colon in 23 (31.1%),
rectum in 24 (32.43%) and rectum and sigmoid colon in
8 (10.81%). The primary cancers of all patients were excised.
Seventy-four patients had been followed up till April 2004
or death. The median time (±SD, ±SE) of follow-up and
the follow-up range were 18.57 (±8.61, ±1.017) mo and
1-32 mo respectively.Twenty-six patients were lost to
follow-up. The following parameters were recorded in all
patients: age, sex, Dukes’ staging[22] , degree of histologic
differentiation (good, moderate, or poor) and number of
metastatic nodes. Serum samples from 25 sex- and agematched normal healthy individuals were used as controls.
Serum samples
Blood samples were obtained before surgery to determine
the serum concentration of IL-6, TNF, and CRP. For all
patients tumor marker serum levels [carcinoembryonic
antigen (CEA), carbohydrate antigen 19-9 (CA19-9), cancer
antigen 125 (CA 125), and tissue polypeptide antigen (TPA)]
were also determined. The blood samples were centrifuged
at 3 000 r/min for 5 min. Then the serum was removed
and stored at -80 ℃ until biochemical analysis.
Biochemical determinations
Serum concentrations of human IL-6 were determined by
enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems Inc., Minneapolis, MN). The limit of detection of
the assay was 0.7 pg/mL. Because the cut-off point (ca.
8 pg/mL) was around the median value, we assigned patients
with values less than 8 pg/mL to the low-level IL-6 group
and those with equal or more than 8 pg/mL to the highlevel IL-6 group. TNF concentrations in sera were also
determined by enzyme-linked immunosorbent assay
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(ELISA) kit (R&D Systems Inc., Minneapolis, MN). The
limit of detection of the assay was 0.12 pg/mL. Because
the cut-off point (CA 4.71 pg/mL) was around the median
value, we assigned patients with values less than 5 pg/mL
to the low-level TNF group and those with equal or more
than 5 pg/mL to the high-level TNF group. CRP was
measured by an immunoturbinometric method, using a
commercial kit (Dade Behring GmbH, Marburg, Germany).
The serum levels ranging from 0 to 7 mg/L were normal
in this assay. Because the median value was 6.79 mg/L, we
defined values of less than 7 mg/L as low-level CRP and
values equal to or above 7 mg/L as high-level CRP. Serum
CEA, CA19-9, CA125 and TPA concentrations were
determined by enzyme-linked immunosorbent assay
(ELISA) kit (R&D Systems Inc., Minneapolis, MN).
Statistical analysis
Parametric two-factor ANOVA was used to test the
differences among patient specific variables with the IL-6,
TNF and CRP dichotomies as factors. These factors were
compared versus patient categories in contingency table
analysis, based on the chi-square distribution. The survival
curves were made using the Kaplan-Meier method and
comparison was with the long rank test. Correlations between
examined markers were evaluated by Spearman nonparametric
rank test (r). The P values obtained were 2-tailed and
significant differences were assumed below P = 0.05. The
analysis was aided by GraphPad InStat (version 3.00,
GraphPad Software Inc., San Diego, CA) and SPSS v. 11
(SPSS Inc., Chicago, IL).

RESULTS
The clinicopathological characteristics of the 74 CRC patients
are summarized in Table 1. Serum IL-6 levels in CRC patients
(median value: 8.11 pg/mL, range 1.09-188.42 pg/mL) were
significantly higher than those in normal individuals (median
value: 3.52 pg/mL, range 0.45-9.96 pg/mL, P<0.01). Taking
8 pg/mL as the threshold level, the serum IL-6 concentration
was elevated in 35 of 74 patients (47.3%). The maximum
size of the tumor in the high IL-6 group (4.8±1.9 cm) was
significantly larger than that in low IL-6 group (3.8±1.3 cm,
P = 0.05). The IL-6 levels in CRC patients with lymph node
involvement was 15.2±24.3 pg/mL and the levels in patients
without lymph node involvement was 26.9±29.1 pg/mL.
The difference was not significant. No significant correlations
were found between IL-6 levels and the serum levels of
CEA, CA19-9, CA125, TPA, histological type, differentiation,
and Dukes’ stage (Table 1). Nevertheless, patients with
increased serum IL-6 concentrations showed a decrease in
overall survival (P<0.05, Figure 1).
The serum levels of TNF in CRC patients (median
value: 4.84 pg/mL, range 1.46-292.13 pg/mL) were found
notably higher than in normal subjects (median value:
2.07 pg/mL, range 0-4.71 pg/mL, P = 0.01). Taking 5 pg/mL
as the threshold level, the pre-operative serum TNF
concentration was increased in 33 of 74 patients (44.6%).
Similar to the elevated IL-6 group, the maximal tumor size
in CRC patients with high TNF concentrations (4.7±1.6 cm)
was significantly larger than that in the group with low TNF
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Table 1 Clinicopathological characteristics of colorectal cancer patients associated with high and low serum IL-6, TNF and CRP levels
Low IL-6
<8 pg/mL
(n = 39)

High IL-6
≥ 8 pg/mL
(n = 35)

Low TNF
<5 pg/mL
(n = 41)

High TNF
≥5 pg/mL
(n = 33)

Low CRP
<7 mg/L
(n = 36)

High CRP
≥7 mg/L
(n = 38)

Age (yr)

66 1

70 1,a

69 1

67 1

66 1

69 1

Gender ratio (M:F)
Tumor location

19:20

20:15

21:20

18:15

16:20

23:15

Cecum/ascending

7

9

7

8

6

Transverse

1

2

0

2

1

2

15
10

8
14

15
10

7
14

10
13

13
11

6

2

9

2

6

2

1
33

2
26

2
33

2
26

2
26

1
32

Descending/sigmoid
Rectum
Rectum/sigmoid

10

Differentiation
Good
Moderate
Poor

6

5

8

5

4.31

5

4.41

4.61

4.31

4.81

3.61

Preoperative CA19-9 (ng/mL)
Preoperative CA125 (ng/mL)

12 1
11.9 1

91
13 1

12 1
11.9 1

10 1
14 1

10 1
13 1

12 1
11 1

Preoperative TPA (ng/mL)

42 1

71 1

44 1

70 1

42 1

60 1

Preoperative CEA (ng/mL)

Maximum size of tumors (cm)
Growth characteristics
Ulcerative
Protruding

7

3.8±1.3a

4.8±1.9a,2

3.8±1.62

4.7±1.6a,2

3.7±1.22

4.8±1.92,b

12

19

25

13

15

23

27

16

16

20

21

15

21
18

14
21

23
18

12
21

18
18

17
21

Lymph node metastasis
Positive
Negative
Dukes’ stage (%)
A

7 (54)

6 (46)

9 (69)

4 (31)a

10 (67)

5 (33)a

B
C

11 (46)
19 (63)

13 (54)
11 (37)

7 (29)
20 (67)

17 (71)
10 (33)

17 (59)
8 (35)

12 (41)
15 (65)

D

2 (29)

5 (71)

5 (71)

2 (29)

1 (14)

6 (86)

80
60
40

IL-6≥8 pg/mL

20

IL-6<8 pg/mL

0

0

10
20
Time (mo)

P<0.05

30

C

100
80
60
CRP≥7 mg/L

40

CRP<7 mg/L

20
0

0

10

20
Time (mo)

P<0.05

30

Disease-free survival (%)

B

100

Disease-free survival (%)

A

Disease-free survival (%)

CRP, C-reactive protein; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; CA 125, cancer antigen 125; TPA, tissue polypeptide antigen. 1Values are
median, aP<0.05 vs controls, 2Values are±SD, bP<0.01 vs low CRP group.

100
80
60
40

TNF ≥5 pg/mL

20

TNF <5 pg/mL

0

0

10

20
Time (mo)

30

Figure 1 Overall disease-free survival of CRC patients stratified by IL-6, TNF and CRP pre-operative serum concentrations. A: Disease-free survival
in patients with IL-6<8 pg/mL; B: Disease-free survival in patients with CRP<7 mg/L; C: Disease-free survival in patients with TNF<5 pg/mL.

levels (3.8±1.6 cm, P<0.05). Additionally, no significant
difference in TNF levels was observed between the CRC
patients with lymph node involvement (6.6±8.7 pg/mL)
and those without (16.7±46.2 pg/mL). The relationship of
TNF to serum level of CEA, CA19-9, CA125, TPA,
histological type, differentiation, or overall survival, was not
significant. Interestingly, a significant ratio of patients in
stage B of Dukes’ classification has showed elevated preoperative levels of circulating TNF (Table 1, Figure 1).
Serum CRP levels in CRC patients (median value:
6.79 mg/L, range 0.3-182 mg/L) were also elevated in CRC
patients compared to the controls (median value: 3 mg/L,
range 0.2-5.72 mg/L, P<0.05). Taking 7 mg/L as the

threshold level, the pre-operative elevation of the serum
CRP value was recognized in 38 patients (51.3%), whereas
no such elevation was recognized in 36 (48.7%) patients.
The maximal size of the tumors in the high CRP group
(4.8±1.9 cm) was significantly larger than in the low CRP
group (3.7±1.2 cm, P <0.01). As indicated in Table 1, no
significant difference was observed between the proportion
of histopathologically detected lymph node metastasis,
differentiation, histological type, and serum levels of CEA,
CA19-9 and CA125. However, TPA levels were significantly
increased in the high CRP group vs the low CRP group
(P<0.05). Notably, the ratio of stage C and D by Dukes’
classification was significantly increased in the group with
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elevated CRP (Table 1). The overall survival-rate in high
CRP group was considerably more unfavorable than those
in low CRP group (P<0.05, Figure 1).
Regarding quantitative associations between the examined
markers, IL-6 levels were positively correlated with those of
TNF (r = 0.55, P = 0.01), and CRP (r = 0.62, P = 0.01).

DISCUSSION
Currently, there is ample literature regarding the role of
various cytokines in CRC patients. IL-6 expression has been
reported as secondary to a wide spectrum of malignancies
and its clinical importance is being increasingly recognized[23].
In agreement with earlier studies, IL-6 levels in our CRC
patients cohort were also found to be elevated[23-25].
The mechanisms leading to IL-6 induction and to IL-6
presence in high concentrations in the serum of those
patients, include CEA-induced IL-6 production by Kupffer
cells, malignancy-related chronic stress leading to increased
IL-6 blood concentrations as well as direct IL-6 production
and secretion by tumor-associated macrophages or the tumor
cells themselves[23,24,26]. IL-6 appears to enhance tumorigenesis
by a paracrine or autocrine mechanism and to have an
inhibitory effect on the anti-tumor immune response[27]. Also
the clinical significance of IL-6 pre-treatment levels has
already been previously evaluated[24,25,27]. According to those
authors, IL-6 concentrations reflected disease status, and
were commonly associated with metastatic disease[24,25,27].
Our study, in a relatively limited number of CRC patients,
failed to reveal a significant association with tumor stage.
Moreover, we found that more patients with Dukes’ stage
C had low IL-6 levels, although the difference was not
significant. However, our cohort contained only a small
number of Duke’s D patients. In the latter, 71% were found
to have high IL-6 levels. Additionally, large tumor size
correlated with elevated IL-6 levels. The aforementioned
are partially consistent with previous observations that tumor
burden and liver metastasis lead to higher IL-6 levels[27] .
Liver metastasis may lead to hepatic dysfunction and
subsequent decreased capacity for clearance of this cytokine[27].
One should not overlook the influence of different cut-off
values used in the assessment of serum IL-6, as well as the
ethnic origin of CRC patients in different studies.
Notwithstanding, in agreement with previous studies,
serum IL-6 pre-operative levels were predictive of unfavorable
prognosis with regard to CRC patients’ survival[11,27,28] .
Moreover, different from the prior studies, the fact that
our cohort comprised more of non-metastatic stages
strengthens the clinical relevance of this observation. In
other words, IL-6 levels may be used as an adverse
prognostic marker in the absence of advanced metastatic
disease. Its independent prognostic significance, though,
cannot be supported by our study since multivariant analysis
was not performed due to the sample size. However, larger
patients study-population and stage sub-groupings may aid
in the more accurate evaluation of the cytokine’s clinical
significance.
TNF has been detected in a number of different
tumor types. Human epithelial tumor cells and infiltrated
macrophages have been found to express TNF protein.
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In certain malignancies increased production of TNF
correlated with worse prognosis[29]. On the other hand, high
expression of this marker in Dukes’ C CRC Japanese patients
was a favorable indicator of prognosis[3]. Another study
reported that, among other cytokines, TNF was significantly
elevated in stage B patients prior to surgery[30]. The latter is
in keeping with our results, although a satisfactory
explanation might not be easily offered. The relation to
tumor- size but not other adverse histopathological variables
could be related to the fact, that larger tumors may trigger
a more potent immunological response manifested by the
circulation of proinflammatory cytokines such as TNF.
It should be acknowledged though that the biological and
clinical role of TNF in CRC requires further elucidation.
The only parameter of the current study that demonstrated
a clear association to the disease stage was CRP. It has also
been suggested that an elevated pre-operative CRP may be
an indicator of the malignant potential of the tumor and
predictor of unfavorable prognosis in CRC patients. In
accordance with the findings of Nozoe et al[19], our results
have shown that the prognosis of patients without a preoperative elevation of serum CRP level proved to be
considerably better than that of patients with such an
elevation. Tumor progression, among other pathophysiological
sequelae, might lead to the development of an acute phase
protein response, which is observed as an increase in CRP
levels. Similar to the presently proved IL-6 prognostic
significance as far as it concerns patients’ overall survival,
CRP elevation may be considered an unfavorable indicator.
In spite of the usual clinical strategy to use tumor markers
such as CEA and CA19-9 in determining disease progression,
CRP may play an important role in signifying advanced
disease.
Our study also shows that serum IL-6 levels are
correlated with serum CRP levels. Apart from CRC, such a
correlation has been observed in various malignancies[31] .
IL-6 may play a critical role in controlling the production
of acute phase proteins in liver cells and modulating host
biological responses[27]. The observed inter-relation between
IL-6 and TNF could also be partially explained by the
common denominator governing their production, i.e., the
triggering of the malignancy-induced immunologic response.
The present study showed that IL-6, TNF and CRP
levels definitely increase in CRC patients. Although earlier
observations of the IL-6 relation to disease stage were not
fully replicated here, the current study in a Greek population
adds to the growing evidence that IL-6 and CRP preoperative
serum concentrations are correlated to decreased patients’
overall survival. Such markers could be considered as
appropriate predictors of CRC patients’ prognosis and, to
a certain extent could provide valuable information when
determining treatment strategies.
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Abstract
AIM: Ghrelin, an endogenous ligand for growth hormone
secretagogue receptor, influences appetite, energy
balance, gastric motility and acid secretion. The stomach
is the main source of circulating ghrelin. There are
inconsistent reports on the influence of Helicobacter pylori
(H pylori) infection on circulating ghrelin levels. We sought
to elucidate the relationship between ghrelin and various
peptides in plasma, with special reference to H pylori.
METHODS: Plasma ghrelin levels were measured by
radioimmunoassay in 89 subjects who were referred for
upper gastrointestinal endoscopy, consisting of 42 H pylori
infected and 47 uninfected ones. Plasma gastrin,
somatostatin, leptin, insulin-like growth hormone 1 (IGF-1)
and chromogranin A concentrations were also measured.
Twelve patients were treated with anti- H pylori regimen.
RESULTS: Ghrelin circulating levels were greatly decreased
in H pylori-positive than negative individuals (194.2±90.2
fmol/mL and 250.4±84.1 respectively, P <0.05), but
did not significantly alter following the cure of infection
(176.5±79.5 vs 191.3±120.4). There was a significant
negative correlation between circulating ghrelin and leptin
levels, as well as body mass index, for the whole and
uninfected population, but not in H pylori -infected
patients. Plasma ghrelin concentrations correlated
positively with IGF-1 in H pylori- negative group and
negatively with chromogranin A in the infected group.
There were no significant correlations among circulating
levels of ghrelin, gastrin and somatostatin irrespective of
H pylori status.
CONCLUSION: H pylori infection influences plasma
ghrelin dynamics and its interaction with diverse

bioactive peptides involved in energy balance, growth
and neuroendocrine function.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is the major cause of chronic gastritis
and peptic ulcer disease[1,2]. Chronic infection leads to atrophic
gastritis, which increases the risk of gastric adenocarcinoma[2].
It is well- documented that the immune and inflammatory
response against H pylori affects various cell types in gastric
mucosa that are important in acid homeostasis, such as
somatostatin-producing, gastrin-producing, chief and parietal
cells[3-5] . H pylori gastritis causes a reduction of mucosal
somatostatin levels and hypergastrinemia[3,4]. Leptin, a protein
primarily secreted by the adipose tissue known to suppress
appetite and modulate energy expenditure[6], is also produced
by the chief and parietal cells[5]. Furthermore, gastric leptin
levels are higher in H pylori-infected than in uninfected
subjects, although serum levels may not be altered[5,7]
Ghrelin is a 28-amino acid peptide recently identified in
the stomach as an endogenous ligand for growth hormone
secretagogue receptor[8]. In addition to its potent growth
hormone releasing activity, ghrelin influences appetite,
energy balance, gastric motility and acid secretion[9,10]. This
hormone is primarily produced by X/A-like neuroendocrine
cells in the oxyntic glands[11] and the stomach is the main
source of circulating ghrelin[8-11]. To date, conflicting results
have been reported regarding the influence of H pylori status
on ghrelin dynamics[12,13]. In addition, there is little information
on the relationship between circulating ghrelin and other
neuroendocrine hormones during the infection.
In the present study, we sought to determine the plasma
concentrations of ghrelin, as well as leptin, gastrin and
somatostatin, with special reference to H pylori infection. In
addition, we assessed the relationship between circulating
ghrelin and insulin-like growth factor 1 (IGF-1), the principal
mediator of growth hormone axis[14], and chromogranin A,
a reliable marker of gastric neuroendocrine proliferation[15].
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MATERIALS AND METHODS
Patients
The study- subjects were 89 patients referred for upper
gastrointestinal endoscopy between June 2003 and October
2003. The study was approved by Nagasaki University Ethics
Committee. All samples were obtained with written informed
consent of the patients prior to their inclusion, in accordance
with the Helsinki Declaration. The exclusion criteria were:
age <18 or >80 years, pregnancy, body mass index (BMI)
>30 kg/m2, diabetes mellitus, systemic infection, thyroid
and liver diseases, renal impairment, use of medications
effective against H pylori during the preceding 3 mo, alcohol
abuse, drug addiction, and chronic corticosteroid or
nonsteroidal anti-inflammatory drug use. None had
undergone gastrointestinal surgery.
We treated 12 H pylori-positive patients with 7-d triple
therapy consisting of lansoprazole, amoxicillin and
clarithromycin[16]. Four weeks after cessation of the treatment,
fasting plasma samples were also collected.

Statistical analysis
Statistical analyses were performed using Fisher’s exact, 2,
Student’s t, Mann-Whitney U, Kruskal-Wallis, Spearman
rank and Wilcoxon signed ranks tests, as appropriate. A
P value of less than 0.05 was accepted as statistically
significant. Data were expressed as mean±SD.

Plasma ghrelin concentrations
On the day of endoscopy, blood samples were taken between
8 and 10 a.m., after an overnight fast, transferred into chilled
tubes containing ethylenediaminetetraacetic acid-2Na and
aprotinin, stored on ice during collection, centrifuged, plasma
separated and stored at -80 ℃ until assay. Plasma ghrelin
concentrations were measured in-house in duplicate by
radioimmunoassay (RIA), as described previously[11]. This
RIA system employs a rabbit polyclonal antibody raised
against the C-terminal fragment of human ghrelin, and can
measure both the acylated and des-acyl forms. The intraassay coefficient of variation was 2.8% and inter-assay
coefficient of variation was 3.1%[11] .

Table 1 Baseline characteristics of the two groups (mean±SD)

Circulating anti-H pylori antibody and other peptide
concentrations
Plasma anti-H pylori immunoglobulin (Ig) G antibody was
assessed by an enzyme-linked immunosorbent assay kit
(HEL-p TEST, AMRAD Co., Melbourne, Australia). The
cut-off value was determined according to the protocol
provided by the manufacturer. Fasting plasma concentrations
of gastrin, somatostatin, leptin, IGF-1 and chromogranin
A were commercially determined by RIA (Mitsubishi
Chemical Co., Tokyo, Japan).
Detection of H pylori Infection
H pylori status was assessed by anti-H pylori Immunoglobulin
G antibody, 13C-urea breath test (UBiT, Otsuka Pharmaceutical
Co., Tokushima, Japan) or rapid urease test (Helicocheck,
Otsuka Pharmaceutical Co.) using biopsy specimens
endoscopically taken from the antrum within 2 cm of the
pyloric ring and the corpus along the greater curvature.
Patients were considered positive for H pylori infection
when two of these examinations yielded positive results.
On the other hand, patients were defined as H pylorinegative if all test results were negative[17]. Eradication of
H pylori was considered successful when 13C-urea breath
test became negative[16] .

RESULTS
Patient demographics
The study population consisted of 22 patients with chronic
gastritis, 12 benign gastric polyps, 10 with gastric ulcer, 8
duodenal ulcer, 5 reflux esophagitis and 32 subjects with
normal mucosa of the upper gastrointestinal tract at
endoscopy. They included 44 men and 45 women, with a
mean age of 53 years (range, 19-80). They consisted of 42
H pylori-infected and 47 uninfected subjects. The two groups
were matched for age, sex, alcohol intake, smoking habit
and BMI (Table 1).

Parameters

H pylori positive (n = 42)

Age (yr)

H pylori negative (n = 47)

52.7±16.9

53.4±14.3

20:22

24:23:00

Alcohol intake

20

21

Smoking habit

18

21

23.1±3.3

22.8±3.2

Sex (Male:Female)

Body mass index

Plasma concentrations of other peptides and H pylori status
As shown in Table 2, plasma ghrelin was significantly lower
in H pylori-positive than negative subjects (P<0.05), whereas
gastrin concentrations were significantly higher in H pyloripositive than negative subjects (P<0.005). There were no
significant differences in plasma leptin, somatostatin, IGF-1
and chromogranin A levels with reference to H pylori status.

Table 2 Plasma concentrations of various peptides with respect to
H pylori (mean±SD)
Peptide

H pylori
positive (n = 42)

H pylori
negative (n = 47)

P

Ghrelin (fmol/mL)

194.2±90.2

250.4±84.1

<0.05

Gastrin (pg/mL)

133.5±309.1

66.7±130.2

<0.005

11.3±5.7

9.7±6.2

Not significant

Somatostatin (pg/mL)
Leptin (ng/mL)
Insulin-like growth factor

5.2±3.9

4.6±2.9

Not significant

176.1±71.6

204.3±61.9

Not significant

21.4±29.0

13.8±7.2

Not significant

1 (ng/mL)
Chromogranin A (ng/mL)

Student’s t-test was employed in statistical analyses.

Correlations between plasma ghrelin levels and plasma
concentrations of other peptides
As shown in Table 3, there was a significantly negative
correlation between plasma ghrelin and leptin levels for the

1646

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

March 21, 2005

Volume 11

Number 11

Table 3 Correlations of ghrelin with other peptides in plasma in terms of H pylori status
Gastrin

Somatostatin

Leptin

IGF-1

Chromogranin A

H pylori positive

0.015 (NS)

0.076 (NS)

-0.239 (NS)

0.064 (NS)

0.285 (P<0.05)

H pylori negative

0.025 (NS)

0.100 (NS)

-0.353 (P<0.05)

0.272 (P<0.05)

0.073 (NS)

Total

0.018 (NS)

0.086 (NS)

-0.318 (P<0.05)

0.097 (NS)

0.200 (NS)

Data are correlation coefficients and (P values) of the correlations. IGF-1: insulin-like growth factor-1, NS: not significant.

whole and the uninfected cohort (P<0.05 for each). Within
H pylori positive cohort, however, no such correlation was
observed. In the whole series, there were no significant
correlations between plasma ghrelin concentrations and
gastrin, somatostatin, IGF-1 and chromogranin A levels.
However, circulating levels of ghrelin correlated positively
with those of IGF-1 within the uninfected population and
negatively with chromogranin A within the H pylori-infected
group (P<0.05 for each). There was a significant positive
correlation between plasma gastrin and chromogranin A
levels (r = 0.293, P<0.05), possibly reflecting gastrin-induced
enterochromaffin-like cell proliferation[15].
Relationship between plasma ghrelin levels and baseline
parameters
For the whole group, plasma ghrelin concentrations correlated
negatively with BMI (r = -0.286, P<0.05). The same correlation
was also noted in the uninfected (r = -0.562, P<0.005), but
not infected group (r = 0.018). Plasma leptin levels correlated
positively with BMI (r = 0.543, P<0.0001), irrespective of
H pylori status (r = 0.473, P<0.01 for H pylori-infected group
and r = 0.585, P<0.0001 for uninfected group). Other
baseline characteristics including age, sex, alcohol intake and
smoking habit were not associated with plasma ghrelin
concentrations or circulating values of other peptides.
Changes in plasma levels of ghrelin and gastrin following
eradication of H pylori
Successful eradication of the organism was confirmed in
10 of 12 patients treated with anti-H pylori regimen. Post-cure
plasma gastrin levels tended to decrease although insignificantly
(from 131.9±107.6 pg/mL to 100.8±78.0 pg/mL). There
was no significant change in plasma concentrations of ghrelin
after cure of the infection (from 176.5±79.5 fmol/mL to
191.3±120.4 fmol/mL).

DISCUSSION
Ghrelin is produced in a variety of human tissues[9,10], but
its messenger ribonucleic acid (mRNA) is most highly
expressed in the stomach[18]. Plasma ghrelin levels decrease
by as much as 65% after gastrectomy[18], and this is consistent
with the findings of decreased plasma levels after gastric
bypass surgery[19]. Thus, the stomach is the major source of
circulating ghrelin[9,10,18,19]. Our results showed that plasma
ghrelin concentrations were significantly lower in H pyloripositive than negative group, in contrast to the Turkish
study[12]. There are several possible explanations for this
disparity, including differences in radioimmunoassay
protocols for ghrelin, inadequate assessment of H pylori

status in their series, i.e., only by histology, leading to
underestimation of infection, differences in study
populations with respect to baseline diseases, race, nutrient
status and dietary habits and sample size. However, Nwokolo
et al [20], reported that plasma ghrelin levels significantly
increased following cure of the infection. In addition, ghrelin
mRNA expression and peptide production are significantly
decreased in H pylori-colonized gastric mucosa of chronically
infected Mongolian gerbils[21], which is a good rodent model
for various aspects of H pylori-associated pathogenesis[22] .
These findings and our results indicate that H pylori status
has a negative impact on gastric and plasma ghrelin dynamics.
However, we did not observe any significant post-cure
rise in fasting plasma ghrelin levels following the same posttreatment period as the British study[20]. One possibility of
the inconsistent results is that they assessed six-hour
integrated plasma ghrelin (between 8:00 and 13:00) while
we evaluated the value at only one point after an overnight
fast. Another plausible explanation includes age-related
differences in the severity or extent of gastritis, as the mean
age of their population (36 years) was substantially lower
than that of our population sample (53 years). Also, the
likely possibility that there was a type 2 statistical error related
to the small sample size might explain the negative results.
Further larger study to compare the long-term effects of
anti-H pylori therapy and placebo are warranted to elucidate
the reversibility of ghrelin production.
Ghrelin has metabolic effects opposite to leptin. It
stimulates food intake, enhances the use of carbohydrates
and reduces fat utilization, contributing to weight gain[9,10].
Plasma ghrelin levels showed a diurnal rhythm over a 24-h
period that was exactly in phase with that of leptin[9,10] .
Consistent with these reports, we demonstrated here the
significant negative associations between plasma ghrelin
concentrations and leptin values and BMI within the H pylorinegative cohort. However, plasma ghrelin concentrations
did not correlate with those of leptin, as well as BMI, within
H pylori-positive group. Since ghrelin is predominantly
secreted from the stomach[9,10,18,19], its products derived from
other tissues are unlikely to be sufficient to compensate for
the altered plasma ghrelin dynamics affected by inflammatory
events associated with H pylori infection[13]. On the other
hand, plasma leptin levels had strongly positive correlations
with BMI, irrespective of H pylori status, as the primary
contributor of circulating leptin is exclusively the adipose
tissue[5,6].
Likewise, plasma ghrelin concentrations correlated
positively with the circulating levels of IGF-1, which mediates
most of the anabolic effects of growth hormone[14], within
the uninfected population only. In line with this finding,
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gastric ghrelin expression was found to depend on circulating
IGF-1 levels in mouse models[23] . Muller et al [24], reported
positive correlations among ghrelin, growth hormone and
IGF-1 secretion in normal human volunteers, suggesting
that ghrelin is potentially associated with linear growth,
through the growth hormone-IGF-1 axis. Our results
regarding the relationship between plasma ghrelin and
IGF-1 levels, particularly in H pylori-positive cohort, may
be relevant, since there have been conflicting data on the
relationship between H pylori-infection and growth retardation
in children[25-27].
In our study, there was no significant correlation between
plasma ghrelin and gastrin levels, in agreement with the
recent observation in human subjects of unaltered circulating
gastrin concentrations following ghrelin administration[28].
In addition, increased levels of gastrin caused by omeprazole
treatment failed to raise the level of ghrelin mRNA in oxyntic
mucosa and circulating ghrelin concentrations in a rat
model[29]. Based on these findings, we suggest that ghrelin
production/release does not seem to operate under gastrin
control.
Recent evidence has revealed that systemic infusion of
somatostatin suppresses plasma ghrelin concentrations[30].
In the present study, however, there were no correlations
between ghrelin and somatostatin levels both in H pyloriinfected and uninfected settings. Although this hormone is
released postprandially from somatostatin-containing cells
into the blood stream[31,32], we assessed the values in fasting
plasma, which might explain the lack of relationship between
circulating levels of ghrelin and its potential regulator,
somatostatin. In conclusion, we have demonstrated in the
present study that circulating ghrelin levels were more
decreased in H pylori-positive than in negative persons, albeit
they did not alter after eradication of the organism. There
were significant correlations of ghrelin with leptin, IGF-1
and chromogranin A in plasma, depending on H pylori status.
Our results indicate H pylori infection may affect plasma
ghrelin dynamics and be involved in energy homeostasis,
growth and neuroendocrine function through the interaction
with ghrelin.
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Abstract
AIM: During endoscopic retrograde cholangiopancreatography (ERCP), selective cannulation of the common
bile duct (CBD) is required in most of the cases.
METHODS: From June 2001 till December 2002, all
patients referred to our unit for ERCP were considered
for entry into the study. Selective CBD cannulation was
first attempted with a standard catheter with or without
the use of a guidewire. In cases, where CBD cannulation
was considered unsuccessful, patients were crossed over
to a double-lumen sphincterotome and a guidewire. All
patients were hospitalized for 24 h after the procedure in
order to assess the incidence of post-ERCP complications.
RESULTS: The study sample consisted of 158 patients.
Selective CBD cannulation using a standard ERCP catheter
with or without the assistance of a guidewire, was
accomplished in 129 patients (success rate: 81.65%).
From the 29 patients who were crossed over to a
sphincterotome and a guidewire, selective CBD cannulation
was achieved in 24; the overall success rate rising to
96.8%. Meanwhile, the use of this technique did not
increase the incidence of post-ERCP complications.
CONCLUSION: The use of a sphincterotome and a guidewire
increases the success rate of selective bile duct cannulation
in cases that this has not been accomplished with a
standard catheter.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Selective cannulation of the common bile duct (CBD) is
required, in the majority of cases when perfor ming
endoscopic retrograde cholangiopancreatography (ERCP).
Experienced endoscopists, using a standard catheter, can
achieve selective common bile duct cannulation, in most but
not in all cases, with a success rate of approximately 65%[1-5].
Repeated unsuccessful attempts to cannulate, may result in
trauma to the papilla; intramural injection and inadvertent
pancreatic duct injections, increasing the risk of post-ERCP
pancreatitis[2].
To increase the success rate of selective CBD cannulation
several techniques have been described: additional use of
guidewire precu tting techniq ues and the u se of
sphincterotomes[1-3,6-11].
The aim of this prospective study was to determine
whether the use of a sphincterotome with a guidewire
increases the success rate of selective CBD cannulation
and is a safe alternative in cases where cannulation has not
been achieved with a standard catheter.
MATERIALS AND METHODS
From June 2001 to December 2002 all patients referred to
our unit for ERCP were considered for entry into the study.
We excluded patients who had a history of previous
sphincterotomy or Billroth II gastrectomy, as well as patients
who were found, during ERCP, to have an ampullary
neoplasm.
All procedures were performed by the same experienced
endoscopist using a side-viewing video endoscope (Fujinon
ED-200XT; Tokyo, Japan). All patients received topical
pharyngeal anesthesia (Xylocaine spray; Astra), as well as
intravenous sedation with 3.0 to 6.0 mg of midazolam
(Dormicum; Roche) and 150-500 mcg of fentanyl (Fentanyl;
Janssen-Cilag). During ERCP, arterial oxygen saturation was
continuously monitored by a pulse oximeter. In cases with
an overactive duodenum, we also administered 20-40 mg
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of hyoscine N-butylbromide (Buscopan; Boehringer
Ingelheim).
In order to achieve CBD cannulation we first used a
standard ERCP catheter (GLO-Tip, GT-1-T, Wilson Cook
Medical Inc., Winston-Salem, NC, USA). Contrast medium
was injected only once selective deep cannulation, in a
direction strongly suggestive of the CBD, has been achieved.
In cases that this was not accomplished, we used a straight
tip Tracer-Hybrid (Wilson Cook Medical Inc., Winston
Salem, NC, USA) guidewire to aid cannulation. To prevent
excessive injury of the papilla, selective common bile duct
cannulation was considered unsuccessful when five attempts
using a standard catheter and ten more attempts using a
guidewire through the catheter failed.
In those cases, where selective CBD cannulation was
considered unsuccessful, patients were crossed over to a
double-lumen 5 mm tip sphincterotome, with a 2.5 cm
cutting-wire (CCPT-25-MONO Cotton cannulatome,
Wilson-Cook Medical Inc., Winston Salem, NC, USA) and
a guidewire (straight tip Tracer-Hybrid). No contrast medium
was injected if we had not previously advanced the guidewire
in a route strongly suggestive of the CBD. Once again,
selective CBD cannulation was considered unsuccessful if
10 attempts to advance the guidewire failed.
Our technique consisted of the following steps:
(1) We brought the papilla as usual en face and inserted
the tip of the sphincterotome, which has been preloaded
with the guidewire, at the upper part of its orifice with or
without slight flexion of the sphincterotome; (2) After
complete flexion of the sphincterotome, we tried to push,
very gently, the guidewire forward. We advanced the
guidewire in several directions during slow progressive
relaxation of the sphincterotome bow, under fluoroscopic
control; (3) Whenever we managed to advance the guidewire
in a direction strongly suggestive of the CBD, we pushed
the sphincterotome over the guidewire a few centimeters
further. After pulling back the guidewire, we injected contrast
medium in order to ensure cannulation of the CBD; (4) In
cases where we had difficulty in inserting the guidewire, we
pulled the scope back with simultaneous step-by-step unflexing
of the sphincterotome. This maneuver helped us to insert
the tip of the sphincterotome slightly deeper into the papilla,
onto the upper wall of the tortuous and folded ampullary
channel. We then flexed the sphincterotome once again
completely, trying to advance the guidewire during slow
progressive relaxation of the sphincterotome.
Once selective CBD cannulation has been achieved,
sphincterotomy, whenever needed, was performed using
the same sphincterotome and applying 34 W of pure-cutting
current from a commercially available electrosurgical
generator (Plus II, Medical Systems, Teterboro, NJ, USA).
All patients were hospitalized for at least 24 h after the
procedure in order to assess the incidence of post-ERCP
complications. Pancreatitis was defined as serum amylase
and lipase levels greater than two times the upper limit of
normal, accompanied with abdominal pain. Serum amylase
and lipase levels were determined 24 h after the procedure.
Bleeding was defined as a drop in the hematocrit level greater
than 5% or clinical signs of hemorrhage (e.g., melena)[12].
The study protocol accorded to the principles of the
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Declaration of Helsinki and was approved by the Ethics
Committee of our Hospital. All patients gave a written
informed consent at the time of enrollment.
Statistical analysis
Values are expressed as mean±SD. A 2 test was used. A P
value less than 0.05 was the accepted level of significance.

RESULTS
During the study period 202 patients were referred to our
Unit for ERCP. Thirty-three of these patients have been
subjected to sphincterotomy in the past, six had a history
of Billroth II gastrectomy; 2 patients had evidence of an
ampullary neoplasm; while in 3 patients ERCP was technically
impossible due to inadequate sedation. Therefore, our study
sample consisted of 158 patients. The characteristics of
the study population as well as the reason they were referred
for ERCP are presented in Table 1.
Table 1 Demographic characteristics of the study population and
indications for ERCP
Mean age ± SD (yr)
Male / female
Indications for ERCP (number of patients, %)
Documented or possible stones in CBD
Malignant obstruction
Miscellaneous

63±11.9
76/82
132 (83.5)
6 (3.8)
20 (12.7)

Selective common bile duct cannulation using a standard
ERCP catheter, with or without the assistance of a guidewire,
was accomplished in 129 patients (success rate: 81.65%). From
the 29 patients who were crossed over to a sphincterotome
and a guidewire, selective CBD cannulation was achieved
in 24 (success rate: 82.75%). Therefore, with this technique,
the overall success rate increased to 96.8%.
The endoscopic characteristics of the papilla in those
29 patients in whom cannulation with the use of a standard
catheter, with or without the aid of a guidewire, was considered
unsuccessful are presented in Table 2. A fleshy papilla was
defined as a big, folded, oversized (>2 cm) papilla, protruding
into the duodenum. A papilla was characterized as a floppy,
if it was slippery when cannulation was attempted, due to
loose tissue falling or protruding at the orifice site. Stenotic
papilla was the one with a stenosis in the intraampullary
distal CBD, evidenced before or after ERCP. An intradiverticular papilla was the one lying inside the rims of a
diverticulum. The success rate of selective CBD cannulation,
among these patients, is also presented in Table 2.

Table 2 Endoscopic characteristics of the papilla in the 29 patients
crossed over to a sphincterotome and a guidewire and success rate
of selective CBD cannulation
Endoscopic characteristics
of the papilla
Oversized fleshy papilla
Floppy papilla
Stenotic papilla
Intra-diverticular papilla

Number of
patients (n = 29)
19
5
3
2

Number of patients
and success rate of
CBD cannulation (n = 24, %)
18 (94.7)
4 (80.0)
1 (33.3)
1 (50.0)

Karamanolis G et al. Selective CBD cannulation

From those 5 patients, in whom selective CBD
cannulation was unsuccessful even with the use of a
sphincterotome and a guidewire, this was finally achieved
with a precutting papillotomy, in 3. The remaining 2
patients were referred for percutaneous transhepatic
cholangiography.
Post-ERCP pancreatitis developed in 8 out of 129
patients (6.2%) in whom cannulation was achieved with the
use of a standard catheter with or without a guidewire and
in 2 out of the 29 patients (6.9%) in whom CBD cannulation
was achieved with the use of a sphincterotome and a
guidewire. This difference was not statistically significant
(P>0.05). None of our patients developed post-sphincterotomy
bleeding and there was no incidence of perforation or
evidence of a submucosal tract.

DISCUSSION
When performing ERCP, selective deep cannulation of the
CBD is necessary in order to maximize the diagnostic and
therapeutic benefits of the test, while diminishing the risk
of post-procedure complications. The standard approach
to selective CBD cannulation is the use of an ERCP catheter
with or without the aid of a guidewire. According to the
literature, even in experienced hands, this approach fails in
approximately 10% of the cases[1-3,13].
Precutting may increase cannulation rates, however, it
is said to carry a significant risk of complications. Therefore,
it should be reserved for cases that all other methods have
failed, while it should be performed only by experienced
endoscopists[6-8].
Another alternative is the use of a sphincterotome[9] .
Since a more acute angle is required in order to intubate
the common bile duct, the bowed sphincterotome can lift
the roof of the papilla facilitating entry into the bile duct.
Indeed, studies performed in referral centers have
demonstrated the superiority of sphincterotomes over
standard catheters and have actually suggested that cannulation
should be initially attempted with a sphincterotome[2,3].
The use of guidewires has, also, been described, since
they have a hydrophilic coating, which when wet becomes
slippery, facilitating cannulation[14].
When all endoscopic methods fail, the percutaneous or
the combined approach could be an option, although this
method is extremely difficult in the setting of a non-dilated
biliary tree[14,15].
According to the results of our study, selective CBD
cannulation, with the use of a standard catheter, with or
without the aid of a guidewire, was accomplished in 81.65%
of our patients. The relatively high failure rate could be
attributed to the fact that we did not inject contrast material
unless deep CBD cannulation has been achieved. When
patients, in whom cannulation was unsuccessful, were
crossed over to a sphincterotome and a guidewire, the
overall success rate increased to 96.8%. As shown in Table 2
the success rate was particularly high in patients with an
oversized, fleshy papilla and this can be attributed to the
increased manoeuvrability of the wire tip into the long and
tortuous intraampullary portion of the bile duct offered by
the sphincterotome’s flexing or unflexing.
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Our study has been performed in a general hospital
with an annual volume of no more than 150 ERCPs. All
procedures were performed by a single endoscopist, since
the aim of our study was to show if the technique described
could enhance the cannulation rates of an endoscopist with
certain abilities and skills. Although the endoscopist is
experienced, he is not exposed to the number of ERCPs
performed in a tertiary referral center. Therefore, we believe
our study reflects the every day practice of a regular
endoscopist, who works in a community Hospital, with an
average load of cases. In such a setting, the use of a
sphincterotome and a guidewire is helpful in increasing the
success rate of selective CBD cannulation before employing
more aggressive techniques.
We preferred a double-lumen sphincterotome instead
of using a triple-lumen one although the latter permits
injection of contrast medium through the additional channel
without removing the guidewire. Our choice was based on
the fact that double-lumen catheters, which are characterized
by a wide wire channel that permits contrast injection
without fierce push, which might result in submucosal
injection.
We, also, chose to use a guidewire, to aid CBD
cannulation, since modern wires are soft and not traumatic,
while with their flexible tip they can enhance the ability to
cannulate a CBD with a tortuous intrapapillary ending.
Being aware that the use of a guidewire may lead to increased
risk of perforation or to bile duct injury, we tried to advance
it forward very gently and such an incidence was not
encountered in our study. We chose to avoid contrast
injection before deep cannulation, since it could potentially
cause submucosal injection. In this way we also diminished
the inadvertent pancreatic duct injections.
The results of our study show that the use of a
sphincterotome and a guidewire is a safe alternative for
CBD cannulation since this technique did not seem to be
associated with a higher complication rate.
In conclusion, the use of a sphincterotome and a
guidewire increases the success rate of selective bile duct
cannulation in cases that this has not been accomplished
with a standard catheter with or without the aid of a
guidewire. This technique is non-invasive, safe and can be
easily performed in routine practice.
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Abstract
AIM: To establish an association between the presence
of metabolic syndrome and the development of gallstone
disease.
METHODS: We carried out a cross-sectional study in a
check-up unit in a university hospital in Mexico City. We
enrolled 245 subjects, comprising 65 subjects with
gallstones (36 women, 29 men) and 180 controls (79
women and 101 men without gallstones). Body mass
index, waist circumference, blood pressure, plasma
insulin, and serum lipids and lipoproteins levels were
meas ured. Insulin resistance was calculated by
homeostasis model assessment. Unconditional logistic
regression analysis (univariate and multivariate) was used
to calculate the risk of gallstone disease associated with
the presence of at least three of the criteria (Adult Treatment
Panel III). Analyses were adjusted for age and sex.
RESULTS: Among 245 subjects, metabolic syndrome was
present in 40% of gallstone disease subjects, compared
with 17.2% of the controls, adjusted by age and gender
(odds ratio (OR) = 2.79; 95%CI, 1.46-5.33; P = 0.002),
a dose-dependent effect was observed with each component
of metabolic syndrome (OR = 2.36, 95%CI, 0.72-7.71;
P = 0.16 with one component and OR = 5.54, 95%CI,
1.35-22.74; P = 0.02 with four components of metabolic
syndrome). Homeostasis model assessment was significantly
associated with gallstone disease (adjusted OR = 2.25;
95%CI, 1.08-4.69; P = 0.03).
CONCLUSION: We conclude that as for cardiovascular
disease and diabetes mellitus, gallstone disease appears
to be strongly associated with metabolic syndrome.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The phenotype characteristic of metabolic syndrome was
first described by Archard and Thiers[1] in 1921, in association
with polycystic ovary syndrome. In 1956, Vague [2]
systematically described the features of the metabolic
syndrome and in 1966, Welborn et al [3] , studied 19 nondiabetic patients with essential hypertension and demonstrated
that these individuals had significantly higher plasma insulin
concentrations compared to a normotensive control group.
These observations suggest that the prevalence of resistance
to insulin-mediated glucose disposal would be increased in
patients with essential hypertension, and it was the first time
that the implications of insulin resistance to the development
of metabolic syndrome were described. In 1988, Reaven[4]
coined the term syndrome X.
The importance of metabolic syndrome is increasing,
especially when associated co-morbidities are considered.
The prevalence of metabolic syndrome varies according to
the diagnostic criteria selected. The general prevalence is
23.7%, although the prevalence varies widely in population
analyses[5] and is up to 58.3% in Mexican-American women
between 40- and 74-year old[6]. Recently, the prevalence of
metabolic syndrome in Mexican population was determined
to be 26.6% according to NCEP-III criteria[7].
There are a cluster of metabolic syndromes, that include
resistance to insulin-stimulated glucose uptake, glucose
intolerance, hyperinsulinemia, increased very low-density
lipoprotein cholesterol, triacylglycerol, diminished highdensity lipoprotein cholesterol (HDL) and hypertension[4].
Further more, obesity, which has been progressively
increasing worldwide, is closely associated with the increased
morbidity and mortality caused by several of the most
common diseases in the western world including diabetes,
hypertension, cardiovascular diseases, cancer, and gallstone
disease[4].
Gallstone disease is a major cause of morbidity in the
United States[8,9] , other western countries[10,11] and Latin
American countries such as Chile[12] and Mexico[13]. In these
countries, the economic impact of gallstone disease is high[8-11].
Epidemiological studies have identified risk -factors for
cholesterol gallstones[10,14] and obesity and hyperinsulinemia
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are the most related of these. In addition, hyperinsulinemia
is considered to be a common factor linking cholesterol
gallstone disease, diabetes mellitus and obesity[15,16]. Currently,
it is thought that the pathogenesis of cholesterol gallstone
disease is multifactorial and the disease probably develops
from complex interactions between multiple genetic and
environmental factors[17,18]. The aim of this study was to
establish if there is an association between the presence of
metabolic syndrome and the development of gallstone disease.

MATERIALS AND METHODS
Population and sample
We conducted a cross-sectional study in the check-up unit
of the Diagnostic Clinic at the Medica Sur Clinic and
Foundation. This hospital provides care for mainly middleand high-income individuals from Mexico City and
surrounding metropolitan areas. Our sample population was
formed from a series of consecutive asymptomatic subjects
who were referred to the check-up unit by their companies
as an annual requirement and not for symptomatic disease.
The study included 245 subjects who agreed to participate
(no one neglected our invitation to participate), 65 subjects
found to have gallstones (36 women, 29 men) and 180
controls (79 women and 101 men without gallstones).
Gallstones cases and controls were a series of consecutive
asymptomatic subjects from the check-up unit. Real-time
ultrasonographic studies were done while the subjects were
fasting (as part of usual procedures in check-up unit).
Gallstones were defined by the presence of strong
intraluminal echoes that were gravity-dependent or that
attenuated ultrasound transmission (acoustic shadowing). At
the completion of each patient’s participation in the study,
all ultrasonographic studies were evaluated again by the same
radiologist. No discrepancies were found between the results
of the first and second evaluations. In the second evaluation,
all studies for each subject were viewed side-by-side in a
masked fashion. The study was approved by the Medica
Sur Clinic and Foundation Ethics Committee.
Questionnaire
Subjects were asked to complete a questionnaire that asked
for information on demographic data, age, gender, alcohol
consumption, smoking habits, diabetes mellitus, hypertension,
chronic liver disease, hyperlipidemia, gastrointestinal surgery
(vagotomy gastrectomy for peptic ulcer, ileal resection for
inflammatory bowel disease, or any other disease or cause),
gravidity, and the use of oral contraceptives.
Metabolic syndrome
Participants, having three or more of the following criteria,
were defined as having the metabolic syndrome[19]. The
waist to hip >0.85 and high body fat were defined
according to previous definitions[20,21]. The other criteria were
defined according to the Executive Summary of the Third
Report of the National Cholesterol Education Program[19].
(1) Abdominal obesity: waist circumference >102 cm in
men and >88 cm in women; (2) Hypertriglyceridemia:
triacylglycerol ≥1.7 mmol/L; (3) Low high-density lipoprotein
cholesterol: HDL <1.03 mmol/L in men and <1.3 mmol/L
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in women; (4) High blood pressure: ≥17.3/11.3 kPa; (5) High
fasting glucose: ≥6.1 mmol/L.
Physical examination
Body weight was measured, in light clothing and without
shoes, to the nearest 0.10 kg. Height was measured to the
nearest 0.5 cm. Body mass index was calculated as weight
(kg) divided by height (m) squared. Waist circumference (at
the nearest 0.1 cm) was measured at the midpoint between
the lower border of the rib cage and the iliac crest, and hip
circumference was similarly obtained at the widest point
between hip and buttock. Body fat percentage was measured
using bipolar electric impedance (OMRON model HBF306INT).
Three blood pressure readings were obtained at 1-min
intervals, and the second and third systolic and diastolic
pressure readings were averaged and used in the analyses.
Analytical procedures
Insulin levels were measured using an immunoenzymometric
assay (MEIA; Abbott Diagnostics), with inter- and intraassay coefficients of variation less than 3%. Plasma glucose
in the fasting state was measured in duplicate with an
automated analyzer. The coefficient of variation for a single
determination was 1.5%. Cholesterol, HDL-cholesterol, and
triacylglycerol were measured by enzymatic colorimetric
methods, using CHOL, HDL-C plus (second generation)
and TG assays (Roche Diagnostics Co., Indianapolis, IN).
Low-density lipoprotein cholesterol (LDL) concentrations
were calculated using the Friedewald formula[22].
Assessment of insulin resistance using the homeostasis model
assessment (HOMA-IR)
HOMA-IR was calculated using the following formula:
HOMA index = [fasting insulin (U/mL)·fasting glucose
(mmol/L)]·22.5-1 , high index of insulin resistance a value
>2.5[23]. HOMA-IR has a close correlation with the insulin
sensitivity index by the standard euglycemic hyperinsulinemic
clamp, as shown by Matthews et al[23].
Statistical analysis
By means of cross-tabulations, the risks associated with the
probability of developing gallstone disease were estimated.
Odds ratios (OR) were calculated with the independent
variables coded in a binary form. Statistical significance was
determined by exact Fisher’s test (two-tailed) and 95%
confidence intervals and Mann-Whitney U test was used to
determine non-normal distribution variables. To derive
adjusted OR (by age and gender) associated with the probability
of gallstone disease, multivariate unconditional logistic
regression analyses were conducted. Multicollinearity in the
adjusted models was tested by deriving the covariance matrix.
All statistical analyses were carried out with the SPSS/PC v
10.0 program (SPSS Inc., Chicago, IL). The sample size for
the study was chosen so that by assuming a prevalence of
metabolic syndrome in cases (40%) and controls (17.2%),
in a posthoc power calculation was analyzed to get statistically
significant differences among cases and controls with >99%
power, Table 2.
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RESULTS
There were significant differences in the mean of clinical,
laboratory and anthropometric data in relation to cases and
controls. Cases were older, had greater waist and hip
circumferences, body mass index, % body fat, and higher systolic
and diastolic blood pressure, blood glucose and HOMA-IR
(Table 1). Table 2 shows the crude (non-controlled) risks. In
general terms, when anthropometric variables were tested, a
higher obesity grade was associated with a higher probability
of gallstone disease; however, non-statistical differences were
showed related to gender. Waist circumference was also
statistically associated with a higher risk of gallstone disease.
Hypertension, which is a variable included within the definition
of metabolic syndrome, was associated statistically with
gallstone disease. An important fact is that none of the lipid
variables (total cholesterol, LDL-cholesterol, low HDLcholesterol and triacylglycerol) was statistically associated
with the risk of gallstone disease (Table 2).
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Table 1 Mean differences of continuous variables between cases
and controls (mean±SD)
Variable

Cases
n=65

Controls
n=180

P

Age (yr)

51.6

13.7

45.0

11.2

<0.0001

Waist (cm)

97.0

15.6

89.9

13.2

<0.0001

105.0

12.9

99.7

11.6

Hip (cm)
Waist to hip ratio

0.92

0.07

0.91

0.14

0.001
0.08

Body mass index (kg/m2)

28.4

5.7

26.3

4.8

0.001

% body fat

33.1

7.8

28.8

7.5

<0.0001
<0.0001

Systolic blood pressure (kPa)

15.7

2.2

14.4

1.9

Diastolic blood pressure (kPa)

10.0

1.36

9.4

1.3

0.002

Glucose (mmol/L)

5.9

2.3

5.3

1.5

0.01

Insulin (U/mL)

7.1

4.3

6.1

3.9

0.10

Total cholesterol (mmol/L)

5.3

1.2

5.3

1.0

0.80

HDL-cholesterol (mmol/L)

1.0

0.3

1.1

0.3

0.35

LDL-cholesterol (mmol/L)

3.3

0.9

3.42

0.9

0.53

Triacylglycerol (mmol/L)

1.9

0.9

1.8

1.2

0.18

Cholesterol/HDL ratio

5.3

1.4

5.1

1.6

0.34

HOMA index

1.9

1.2

1.5

1.5

0.02

Table 2 Clinical, demographic, anthropometric and biochemical variables associated with the probability of gallstone disease in univariate
logistic regression analysis
Cases, n = 65

Controls, n = 180

Variable
Gender
Men vs women
Age (yr)
≥45 men; ≥55 women
Waist circumference (cm)
>102 men; >88 women
Waist to hip ratio
>0.85
Body mass index (kg/m2)
≥25
Body fat (%)
≥30
Glucose (mmol/L)
≥6.1
Triacylglycerol (mmol/L)
≥1.7
Triacylglycerol (mmol/L)
≥2.3
Total cholesterol (mmol/L)
≥6.2
LDL-cholesterol (mmol/L)
≥4.1
HDL-cholesterol (mmol/L)
<1.03 male; <1.3 female
HDL-cholesterol (mmol/L)
<0.9
HDL-cholesterol (mmol/L)
<1.3
Total cholesterol/HDL-cholesterol
>7
Systolic blood pressure (kPa)
≥17.3
Diastolic blood pressure (kPa)
≥11.3
Blood pressure (kPa)
≥17.3/≥11.3
Metabolic syndrome (ATPIII)
yes vs no
Metabolic syndrome (ATPIII)
0 criterion
1 criterion
2 criteria
3 criteria
4 criteria
5 criteria
HOMA index
>2.5

OR

95%CI

P

56.1

0.63

0.34–1.12

0.15

69

38.3

2.26

1.27–4.03

0.006

52.3

40

22.2

3.84

2.11–7.00

<0.0001

55

84.6

139

77.2

1.62

0.76–3.46

0.29

52

80.0

103

57.2

2.99

1.52–5.88

0.001

41

63.1

79

43.9

2.18

1.22–3.91

0.009

15

23.1

22

12.2

2.16

1.04–4.47

0.04

32

49.2

76

42.2

1.33

0.75–2.34

0.38

20

30.8

42

23.3

1.46

0.78–2.74

0.25

13

20.0

31

17.2

1.20

0.59–2.47

0.71

16

24.6

38

21.1

1.22

0.63–2.38

0.60

43

66.2

110

61.1

1.24

0.69–2.56

0.55

19

29.2

51

28.3

1.05

0.56–1.95

0.87

54

83.1

135

75.0

1.64

0.79–3.40

0.23

8

12.3

20

11.1

1.12

0.47–2.69

0.82

21

32.3

18

10.0

4.30

2.11-8.76

<0.0001

12

18.5

14

7.8

2.69

1.17–6.16

0.03

21

32.2

23

12.8

3.26

1.65–6.43

0.001

26

40.0

31

17.2

3.20

1.71–6.01

<0.0001

4
16
19
16
7
3

6.2
24.6
29.2
24.6
10.8
4.6

39
58
52
17
12
2

21.7
32.2
28.9
9.4
6.7
1.1

1
2.69
3.56
9.18
5.69
14.63

0.84–8.65
1.12–11.31
2.67–31.55
1.42–22.80
1.86–115.2

0.10
0.03
<0.0001
0.01
0.01

17

26.2

24

13.3

2.30

1.14–4.64

0.03

n

%

n

%

29

44.6

101

38

58.5

34
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Metabolic syndrome was associated with a more than
three-fold risk of gallstone disease (OR = 3.20; 95%CI,
1.71-6.01; P = 0.0001), and the HOMA-IR with a risk of
2.30 (95%CI, 1.14-6.64; P = 0.03) (Table 2). Because age
was identified as a potential confounder and there was a
trend towards a greater proportion of women in the gallstone
disease group, compared to the control group (Table 2), we
adjusted the risks by both variables (age and gender) in
multivariate models (Table 3). Metabolic syndrome increased
its risk, with an OR of 2.79 (95%CI, 1.46-5.33; P = 0.002).
Other anthropometric variables remained statistically
associated. Low HDL-cholesterol had a borderline risk
(OR = 2.32; 95%CI, 1.05-5.11; P = 0.04) in this adjusted
analysis.

Table 3 Adjusted1 risks associated with the probability of gallstone
disease in multivariate logistic regression analysis
Model
Glucose (mmol/L)
≥6.1
Metabolic syndrome (ATPIII)2
Yes vs no
Metabolic syndrome (ATPIII)
0 criterion
1 criterion
2 criteria
3 criteria
4 criteria
5 criteria
HOMA index
>2.5
Waist circumference (cm)
>102 male; >88 women
Body mass index (kg/m2)
25–29.9 vs <25
≥30 vs <25
Body mass index (kg/m2)
≥25 vs <25
HDL-cholesterol (mmol/L)
<1.3
Waist to hip ratio
>0.85

OR

95%CI

P

2.05

0.96–4.39

0.06

2.79

1.46–5.33

0.002

1
2.36
3.89
7.89
5.54
7.46

0.72–7.71
1.20–12.59
2.25–27.73
1.35–22.74
0.89–62.85

0.16
0.02
0.001
0.02
0.07

2.25

1.08–4.69

0.03

3.61

1.95–6.71

<0.0001

2.35
5.84

1.09–5.09
2.47–13.83

0.03
<0.0001

3.23

1.57–6.62

0.001

2.32

1.05–5.11

0.04

2.20

0.95–5.12

0.07

1
All of the models adjusted by: age (≥45 men; ≥55 women) and gender (men
vs women). 2Yes = 3 or more criteria of ATPIII. No = 0–2 ATPIII criteria.

DISCUSSION
This is the first study to show an association between
gallstone disease and metabolic syndrome in a population
with a high prevalence of both diseases[13,24]. The presence
of metabolic syndrome was associated with an increased
risk of gallstone disease (OR = 3.20; 95%CI, 1.71-6.01;
P = 0.0001). Of all the characteristics of metabolic
syndrome, the presence of high waist circumference was
the most important factor associated with the risk of having
gallstone disease (OR = 3.84; 95%CI, 2.11-7.00; P<0.0001),
followed by body mass index (OR = 2.99; 95%CI, 1.52-5.88;
P = 0.001). This observation coincides with the importance
of obesity as a pathophysiological phenomenon in both the
conditions[18,25,26] . Obesity is an important risk factor for
gallstone disease, more so for women than for men, especially
considering that women with a body mass index of 30 kg/m2
or more have at least twice the risk of gallstone disease as
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women with a body mass index of less than 25 kg/m2[27-33].
In our study, the presence of high waist circumference was
common in patients with gallstone disease compared with
the controls (52.3% vs 22.2%). The cornerstone of
metabolic syndrome is the presence of obesity, especially
considering its increasing prevalence, reaching 20.9% of
the United States population[34]. In Mexican-Americans, the
prevalence of high waist circumference in patients with
metabolic syndrome is higher (62.7%)[35]. Furthermore, in
the present study, the presence of insulin resistance in
patients with gallstone disease is 26.2%, compared with
13.3% in controls (P = 0.03), which confers an increased risk
of having gallstone disease (OR = 2.30; 95%CI, 1.14-4.66;
P = 0.03). This increased risk could be attributed to the
presence of obesity, which is a major risk factor for
developing gallstone disease, mainly by the presence of
lithogenic bile, a consequence of excessive synthesis of
cholesterol[35,36]. In addition, increases in the plasma insulin
levels seen in obesity could be a determinant in developing
gallstone disease. Scragg et al [37] , show that mean plasma
insulin concentration was higher in patients with gallstone
disease, independent of triglyceride levels, and the presence
of a state of increased plasma insulin levels associated with
obesity increases the bile cholesterol saturation index[38,39].
In fact, an increase in insulin concentration of 10 µU/mL
was associated with an increased relative risk of developing
gallstone disease in women (OR = 1.9; 95%CI, 1.1-4.2).
The mechanism by which insulin may increase gallstone
formation could be by increasing the activity of hydroxy-3methylglutaryl-coenzyme A reductase[40], and insulin has been
reported to stimulate the bile acid-independent flow of bile
in whole animals [41], and in perfused liver [42]. In our
multivariate analysis, the increased risk of having metabolic
syndrome was maintained in all variables, and show the
influence of low HDL cholesterol (OR = 2.32; 95%CI,
1.05-5.11; P = 0.004) on developing gallstone disease. One
of the main metabolic characteristics of metabolic
syndrome is diminished levels of HDL cholesterol[19], with
this pattern having an increased risk of cardiovascular
morbidity and mortality [43]. The importance of HDL
cholesterol in developing gallstone disease has been shown
in different analyses, which show that the bile cholesterol
saturation index is negatively correlated with HDL
cholesterol. Considering the high association between
gallstone disease and metabolic syndrome in this study, the
fact that blood pressure, especially systolic blood pressure,
was associated with metabolic syndrome and gallstone disease
appears logical. With more insulin resistance and higher levels
of plasma insulin, this association could be explained by the
action of insulin in hypertension. Finally, the presence of
three criteria of metabolic syndrome confers a 7.89-fold
increased risk of having gallstone disease. These data support
the strong relationship between the entities that share the
cornerstone phenomena of obesity and insulin resistance.
In conclusion, as in cardiovascular disease and diabetes
mellitus, gallstone disease appears to be strongly associated
with metabolic syndrome. These results are also consistent
with the hypothesis that insulin resistance plays an important
role in the pathogenesis of such diseases and that gallstone
disease may be a part of metabolic syndrome.

Méndez-Sánchez N et al. Metabolic syndrome and gallstones

1657

REFERENCES
1

2

3

4
5

6

7

8

9

10
11

12
13

14

15

16
17

18

19

20

21

22

Archard C, Thiers J. Le virlisme pilaire et son association a
l’insuffisance glycolytique (diabe‘te des femmes a barb). Bull
Acad Natl Med 1921; 86: 51-64
Vague J. The degree of masculine differentiation of obesities:
a factor-determining predisposition to diabetes, atherosclerosis,
gout, and uric calculous disease. Am J Clin Nutr 1956; 4: 20-34
Welborn TA, Breckenridge A, Rubinstein AH, Dollery CT,
Fraser TR. Serum-insulin in essential hypertension and in peripheral vascular disease. Lancet 1966; 1: 1336-1337
Reaven GM. Banting lecture 1988. Role of insulin resistance
in human disease. Diabetes 1988; 37: 1595-1607
Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults: findings from the third National Health
and Nutrition Examination Survey. JAMA 2002; 287: 35635 9
Ford ES, Giles WH. A comparison of the prevalence of the
metabolic syndrome using two proposed definitions. Diabetes
Care 2003; 26: 575-581
Aguilar-Salinas CA, Rojas R, Gomez-Perez FJ, Valles V,
Rios-Torres JM, Franco A, Olaiz G, Rull JA, Sepulveda J.
Analysis of the agreement between the World Health Organization criteria and the National Cholesterol Education Program-III definition of the metabolic syndrome: results from a
population-based survey. Diabetes Care 2003; 26: 1635
Na tional Insti tutes of Hea lth Consensus D evel opment
Conference Statement on Gallstones and Laparosc opic
Cholecystectomy. Am J Surg 1993; 165: 390-398
Russo MW, Wei JT, Thiny MT, Gangarosa LM, Brown A,
Ringel Y, Shaheen NJ, Sandler RS. Digestive and liver diseases
statistics, 2004. Gastroenterology 2004; 126: 1448-1453
Diehl AK. Epidemiology and natural history of gallstone
disease. Gastroenterol Clin North Am 1991; 20: 1-19
Sandler RS, Everhart JE, Donowitz M, Adams E, Cronin K,
Goodman C, Gemmen E, Shah S, Avdic A, Rubin R. The
burden of selected digestive diseases in the United States.
Gastroenterology 2002; 122: 1500-1511
Medina E, Pascual JP, Medina R. Incidence of biliary lithiasis
in Chile. Rev Med Chil 1983; 111: 668-675
Mendez-Sanchez N, Jessurun J, Ponciano-Rodriguez G,
Alonso-de-Ruiz P, Uribe M, Hernandez-Avila M. Prevalence
of gallstone disease in Mexico. A necropsy study. Dig Dis Sci
1993; 38: 680-683
Mendez-Sanchez N, Vega H, Uribe M, Guevara L, Ramos
MH, Vargas-Vorackova F. Risk factors for gallstone disease
in Mexicans are similar to those found in Mexican-Americans.
Dig Dis Sci 1998; 43: 935-939
Ruhl CE, Everhart JE. Association of diabetes, serum insulin,
and C-peptide with gallbladder disease. Hepatology 2000; 31:
299-303
Diehl AK. Cholelithiasis and the insulin resistance syndrome.
Hepatology 2000; 31: 528-530
A ps tein MD, Carey MC. Pa thogenesi s of c hol esterol
gallstones: a parsimonious hypothesis. Eur J Clin Invest 1996;
26: 343-352
Mendez-Sanchez N, Chavez-Tapia NC, Uribe M. The role of
dietary fats in the pathogenesis of gallstones. Front Biosci 2003;
8: e420-e427
Executive Summary of The Third Report of The National
Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA 2001;
285: 2486-2497
Hattori K, Becque MD, Katch VL, Rocchini AP, Boileau RA,
Slaughter MH, Lohman TG. Fat patterning of adolescents.
Ann Hum Biol 1987; 14: 23-28
Lim SC, Tai ES, Tan BY, Chew SK, Tan CE. Cardiovascular
risk profile in individuals with borderline glycemia: the effect
of the 1997 American Diabetes Association diagnostic criteria and the 1998 World Health Organization Provisional
Report. Diabetes Care 2000; 23: 278-282
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the

23

24

25
26

27

28

29

30

31

32

33
34

35

36

37

38
39

40

41

42

43

concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 1972;
18: 499-502
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 1985; 28: 412-419
Marceau P, Biron S, Hould FS, Marceau S, Simard S, Thung
SN, Kral JG. Liver pathology and the metabolic syndrome X
in severe obesity. J Clin Endocrinol Metab 1999; 84: 1513-1517
Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest
2000; 106: 473-481
Layde PM, Vessey MP, Yeates D. Risk factors for gall-bladder
disease: a cohort study of young women attending family planning clinics. J Epidemiol Community Health 1982; 36: 274-278
Barbara L, Sama C, Morselli Labate AM, Taroni F, Rusticali
AG, Festi D, Sapio C, Roda E, Banterle C, Puci A. A population study on the prevalence of gallstone disease: the Sirmione
Study. Hepatology 1987; 7: 913-917
The epidemiology of gallstone disease in Rome, Italy. Part II.
Factors associated with the disease. The Rome Group for
Epidemiology and Prevention of Cholelithiasis (GREPCO).
Hepatology 1988; 8: 907-913
Jorgensen T. Gall stones in a Danish population. Relation to
weight, physical activity, smoking, coffee consumption, and
diabetes mellitus. Gut 1989; 30: 528-534
Sichieri R, Everhart JE, Roth HP. Low incidence of hospitalization with gallbladder disease among blacks in the United
States. Am J Epidemiol 1990; 131: 826-835
Maurer KR, Everhart JE, Knowler WC, Shawker TH, Roth
HP. Risk factors for gallstone disease in the Hispanic populations of the United States. Am J Epidemiol 1990; 131: 836-844
Stampfer MJ, Maclure KM, Colditz GA, Manson JE, Willett
WC. Risk of symptomatic gallstones in women with severe
obesity. Am J Clin Nutr 1992; 55: 652-658
Everhart JE. Contributions of obesity and weight loss to gallstone disease. Ann Intern Med 1993; 119: 1029-1035
Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence
and trends in obesity among US adults, 1999-2000. JAMA
2002; 288: 1723-1727
Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR,
Heymsfield SB. The metabolic syndrome: prevalence and associated risk factor findings in the US population from the
Third National Health and Nutrition Examination Survey,
1988-1994. Arch Intern Med 2003; 163: 427-436
Heaton KW, Bra ddon FE, Emmett PM, Mountford RA,
Hughes AP, Bolton CH. Why do men get gallstones? Roles of
abdominal fat and hyperinsulinemia. Eur J Gastroenterol
Hepatol 1991; 3: 745-751
Scragg RK, Calvert GD, Oliver JR. Plasma lipids and insulin
in gall stone disease: a case-control study. Br Med J (Clin Res
Ed) 1984; 289: 521-525
de Leon MP, Ferenderes R, Carulli N. Bile lipid composition and
bile acid pool size in diabetes. Am J Dig Dis 1978; 23: 710-716
Kajiyama G, Oyamada K, Nakao S, Miyoshi A. The effect of
diabetes mellitus and its treatment on the lithogenesity of bile
in man. Hiroshima J Med Sci 1981; 30: 221-227
Nepokroeff CM, Lakshmanan MR, Ness GC, Dugan RE, Porter JW. Regulation of the diurnal rhythm of rat liver betahydroxy-beta-methylglutaryl coenzmye A reductase activity
by insulin, glucagon, cyclic AMP and hydrocortisone. Arch
Biochem Biophys 1974; 160: 387-396
Brunzell JD, Obesity, diabetes and hypertriglyceridemia, in Recent advances in obesity research III, Bjorntop P, Cairella M,
Howard AN, Editors. 1980, John Libbey: London. p. 239-247
Storer GB, Topping DL, Trimble RP. Direct stimulation by
glucose and insulin of glycogen synthesis in perfused rat liver.
FEBS Lett 1981; 136: 135-137
Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti K, Nissen M,
Taskinen MR, Groop L. Cardiovascular morbidity and mortality associated with the metabolic syndrome. Diabetes Care
2001; 24: 683-689
Science Editor Li WZ Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(11):1658-1662
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

“Defective” mutations of hepatitis D viruses in chronic hepatitis
D patients
Jaw-Ching Wu, Sheng-Chieh Hsu, Shen-Yung Wang, Yi-Hsiang Huang, I-Jane Sheen, Hsuan-Hui Shih, Wan-Jr Syu
Jaw-Ching Wu, Sheng-Chieh Hsu, Shen-Yung Wang, I-Jane
Sheen, Hsuan-Hui Shih, Institute of Clinical Medicine, National
Yang-Ming University; Department of Medical Research and
Education, Taipei Veterans General Hospital, Taipei, Taiwan, China
Yi-Hsiang Huang, Division of Gastroenterology, Department of
Medicine, Taipei Veterans General Hospital; School of Medicine,
National Yang-Ming University, Taipei, Taiwan, China
Wan-Jr Syu, Institute of Microbiology and Immunology, National
Yang-Ming University, Taipei, Taiwan, China
Supported by grants from the National Science Council (NSC902314-B-010-016, NSC91-2314-B-010-080-MH), Taiwan, China
Correspondence to: Jaw-Ching Wu, M.D. Ph.D. Director and
Professor of Institute of Clinical Medicine, National Yang-Ming
University; Department of Medical Research and Education, Taipei
Veterans General Hospital, 201 Shih-Pai Road, Sec. 2, Taipei 112,
Taiwan, China. jcwu@vghtpe.gov.tw
Telephone: +886-2-28712121-3218 Fax: +886-2-28745074
Received: 2004-10-19 Accepted: 2004-11-29

Abstract
AIM: To verify whether “defective” mutations existed in
hepatitis D virus (HDV).
METHODS: Hepatitis delta antigen (HDAg)-coding
sequences were amplified using Pfu DNA polymerases
with proof-reading activities from sera of five patients
with chronic hepatitis D. Multiple colonies were sequenced
for each patient. Pfu analyzed a total of 270 HDV clones.
Three representative defective HDV clones were
constructed in expression plasmids and transfected into
a human hepatoma cell line. Cellular proteins were
extracted and analyzed by Western blot.
RESULTS: Four of five cases (80%) showed defective
HDV genomes in their sera. The percentage of defective
genomes was 3.7% (10/270). The majority (90%) of the
defective mutations were insertions or deletions that
resulted in frameshift and abnormal stop translation of
the HDAg. The predicted mutated HDAg ranged from 45
amino acids to >214 amino acids in length. Various
domains of HDAg associated with viral replication or
packaging were affected in different HDV isolates. Western
blot analysis showed defected HDAg in predicted positions.
CONCLUSION: “Defective” viruses do exist in chronic HDV
infected patients, but represented as minor strains. The
clinical significance of the “defected” HDV needs further
study to evaluate.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The hepatitis D virus (HDV) is about 1.7 kb in genomic
length and encodes a single protein, the hepatitis delta antigen
(HDAg)[1,2]. The delta antigen exists in two forms: the large
and the small HDAg. Both forms are identical in the 195
amino acids (AA) at the amino end, but the large form contains
an additional 19 AA at the C-end due to RNA editing[1,2].
There are various domains in the HDAg. The coiled-coil
structure (CCS; AA 31-52) is essential for small or large HDAg
to form homo-dimers, hetero-dimers, or oligomers; the
nuclear localization signal (NLS; AA 68-88) is essential for
the nuclear translocalization of HDAg; the RNA-binding
domain (RBD; AA 95-146) is essential for HDV RNA binding
and subsequent replication. Lastly, the packing signal found
in the large form of HDAg (PAS; AA 196-214) is crucial
for the packaging of HDV virions. Changes or deletions
of these domains usually result in impairment of HDV
replication, packaging, or both[1,2].
HDV infection may induce fulminant hepatitis and
exacerbations of chronic hepatitis B infection[3-8]. The great
majority of patients with HDV superinfection progress to
chronic disease[9]. The cause for the high chronicity rate is
not completely clear. Recently, we found that selection of
escape mutants from quasi-species may be an important
mechanism for evasion of virus from immune-system
attack[10]. In addition, recombination of HDV RNA sequences
may play a role in the evolution and diversity of HDV
sequences, which in turn, may contribute to evasion from
immune selection and progression to chronic disease[10].
Defective viruses carry mutations in the wild type viral
genome. They cannot replicate or package without help from
coexisting wild type virus [11] . Defective viruses have been
found in many viral infections, and they are associated with
modulation of disease course and viral persistence[11]. There
were several reports about the stability and heterogeneity
of nucleotide sequence of HDV genome[12-15] , but there
have been no reports of the detection of defective viruses
unable to replicate or assemble in human HDV infection
or the interactions of wild type and defective HDV in cell
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culture system. In the current study, we detected defective
viruses from patients with chronic HDV infection.

MATERIALS AND METHODS
Patients
Serum samples were obtained from five patients with
chronic hepatitis type D who had been under examination
for several years[8-10,12] . Two patients were infected with
genotype I HDV and the remaining three were infected
with genotype IIa HDV[12,16]. They were positive for serum
HBsAg and antibody to HDV antigen (anti-HDV), and were
negative for immunoglobulin M antibody to hepatitis B core
antigen (Ausria II-125, anti-Delta and CORAB-M; Abbott
Laboratories, North Chicago, IL). Serum alanine
aminotransferase (ALT) levels were measured by a sequential
multiau toanalyzer (Technicon SMAC; Technicon
Instruments, Tarry Town, NY).
Reverse transcription polymerase chain reaction
Viral RNA was extracted from 50 L of serum. Reverse
transcription polymerase chain reaction (RT-PCR) using
primer #120 (homologous to a sequence from nt 889 to nt
912) and #88 (complementary to a sequence from nt 1663
to nt 1684) was performed as reported previously[10,17,18] .
The cDNA was generated in the presence of reverse
transcriptase (TMGIBCO BRL, Life Technologies, Rockville,
MD) according to the manufacturer’s instructions. Each
100 L of PCR reaction mixture contained 5 L cDNA,
0.5 L (5 units/L) Pfu DNA polymerase (Promega,
Madison, WI), 10 L 10× PCR buffer, 8 L dNTP mixture
(2.5 mmol/L each), 4 L primer (10 pmol/L each) and
72.5 L of water. The PCR was performed in a thermal
cycler (Perkin Elmer Cetus Corp., Norwalk, CT). It was
started at 95 ℃ for 2 min, followed by 35 cycles (each
cycle: 95 ℃ for 20 s, 55 ℃ for 40 s, 72 ℃ for 1 min) of
amplification and ended at 72 ℃ for 10 min. The RT-PCR
products were analyzed in 2% agarose gel, followed by
staining with ethidium bromide. Strict procedures were
followed to avoid false positive results[19]. Negative control
sera from normal control subjects without viral infection
and chronic hepatitis B patients without HDV infection were
included in experiments. And the results of the controls
were negative.
PCR cloning and sequencing
The amplified PCR products were ligated into the plasmid
pCR2 vector (Original TA Cloning Kit, Invitrogen
Corporation, Carlsbad, CA) or pCR-Blunt II-TOPO
(Invitrogen Corporation, Carlsbad, CA) according to the
manufacturer’s instructions. The ligation mixture was used
to transform the competent E.coli strain DH5 (Gibco
BRL, Life Technologies, Gaithersburg, MD) [10,17]. The
colonies were lysed by heating at 95 ℃ for 5 min, followed
by direct sequencing using primers #88 and #120 [10,17] .
Sequencing was performed with a dye terminator cycle
sequencing kit (Dye terminator cycle sequencing core kit
#402117, Perkin Elmer Cetus Corp., Norwalk, CT)
according to the manufacturer’s instructions, and sequencing
products were analyzed in an ABI 373A sequencer (Perkin
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Elmer Cetus Corp., Norwalk, CT).
Plasmids for HDAg expression
The cDNA fragments encoding HDAg were obtained by
RT-PCR of HDV genomes from one of the five patients.
The PCR products were recovered from gel after
electrophoresis and then cloned into a commercial TA
cloning vector, pCRII (Invitrogen Corp., Carlsbad, CA). The
inserted segments in the pCRII were completely sequenced
and then cloned into XbaI/PstI-digested pCMV-EBNA
(Clontech, Laboratories, Palo Alto, CA). In order to be
concise, the small and large forms of wild type HDAg
derived from TW2479-12S and TW2697-51L are referred
to in this paper as HDAg-S and HDAg-L, respectively. The
letters TW indicate a Taiwanese origin and the Arabic
numerical following TW is the serum sample number of
the patient. The numbers 2 479 and 2 697 represent samples
collected at different time points from the same patient
with chronic hepatitis D. Similarly, HDAg-L-18d, HDAg-S-53d,
and HDAg-S-13d represent the corresponding defective
HDAgs derived from the TW2479-18, TW2697-53, and
TW2479-13 isolates, respectively. HDAg-L-18d had a
nucleotide guanine insertion in the HDAg-coding region that
resulted in a frameshift and premature stop translation of
HDAg due to the generation of a novel stop codon. HDAgS-53d had a deleted segment (nt 1255 to 1329) that was
substituted by a segment (nt 337 to 355) from a different
region of the HDAg-coding sequence. This mutation also
resulted in a frameshift and premature stop translation of
HDAg. HDAg-S-13d had an insertion of two cytosines
between the first and the second stop codons of the HDAg.
This mutation resulted in the correct translation of a wild
type small HDAg, but frameshift translation of the large
HDAg. The predicted amino acid sequences of the wild
type and defective HDAgs are shown in Figure 1. HDAg-S
(24S) is a small HDAg isolate derived from sample TW2476,
which came from another patient with genotype IIa HDV
infection.
Transfection of cells
The human hepatoma cell line Huh-7 was used for DNA
transfection[20,21]. Maintenance of cells and transfection of
DNA by the calcium phosphate-DNA co-precipitation
method were carried out as previously described[20,21]. In
general, cells were seeded onto a 60 mm-diameter dish at
70% confluence one day prior to transfection. After
transfection with a total of 10 g DNA, the cells were
incubated for an additional 20 h. The medium was then
replaced at 3-d intervals thereafter. To produce virion-like
particles (VLPs), the expression plasmid pS1X encoding
the three for ms of HBsAg was co-transfected with
expressing plasmids of whole HDV genome[22] , HDAg-S
and HDAg-L. VLPs harvested from media 3 and 6 d after
transfection were concentrated by centrifugation through
a 20% sucrose cushion.
Western blot analysis of HDAg
To detect expression of HDAg, immunoblotting was
performed as previously described[23-25]. Transfected cells
were lysed in NET buffer containing 50 mmol/L Tris-HCl
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Figure 1 Predicted amino acid sequences of the defective or wild type HDAg expressed by the plasmids. Dashes indicate conserved amino
acids. The terminations of the wild type and defective HDAgs are indicated by asterisks ( 1). The coiled-coil domain is doubly underlined. The
nuclear localization signal is marked by a thin line. The RNA-binding domain is marked by a thick line. The large HDAg package signal is
marked by a hatched bar. The small and large forms of wild type HDAg are referred to as HDAg-S and HDAg-L, respectively. Similarly, HDAgL-18d, HDAg-S-53d and HDAg-S-13d represent the defective HDAgs derived from the same patient. HDAg-L-18d had an insertion of a
nucleotide G in the coding region of HDAg and resulted in frameshift and premature stop translation of HDAg due to the generation of a novel
stop codon. HDAg-S-53d contained a segment (nt 1 255 to 1 329) of deletion and substituted by a segment (nt 337 to 355) from different
regions of the HDAg-coding sequence. This mutation also resulted in frameshift and premature stop translation of HDAg. HDAg-S-13d had an
insertion of two cytosines between the first and the second stop codons of HDAgs. This mutation resulted in translation of a wild type small
HDAg, and a frameshift translation of large HDAg.

(pH 7.4), 150 mmol/L NaCl, 1 mmol/L EDTA, 1% Triton
X-100, 1% deoxycholate, and 0.1% SDS. Human polyclonal
antiserum with a high titer against HDAg was diluted 1:2 000
and used as primary antibody. The secondary antibody was
HRP-conjugated goat anti-human antibody (Sigma, St. Louis,
MO). To detect HDAg in released particles in either serum
or culture medium, 1 mL culture medium from transfected
cells was ultracentrifuged and particles were pelleted. Then
pellets were treated and immunoblotted as cellular proteins.
Membranes were finally developed with a Western blot
chemiluminescence reagent (NEN Life Science, Boston, MA).

RESULTS
Detection of defective HDV genomes in human sera
In order to determine if PCR procedures will generate
defective HDV genomes observed in this study, RT-PCR
cloning followed by direct sequencing of serum HDV from
the five patients were conducted using Pfu DNA polymerase
with proofreading activity. In this study, defective mutations
were focused on the HDAg-coding sequence. Variants with
mutations that created novel stop codons or frameshift
translation of HDAg were defined as defective HDV
genomes. HDV genomes that encoded complete large or
small HDAgs without frameshift or premature stop
translation were defined as wild type. A total of 270 HDV
clones from the five patients were analyzed. As shown in
Table 1, all except one case showed defective HDV genomes
in quasi-species of HDV in their sera. The percentage of
defective genomes amplified was 3.7% (10/270). Four of
the five patients had detectable defective HDV genomes in
their sera. One of the wild type HDV plasmids had been
amplified using Pfu, and the PCR products were transformed
and cloned to serve as control. None of the 75 HDV clones

showed defective mutations that resulted from PCR.
Of the 10 defective HDV mutations based on the
amplification by Pfu DNA polymerase, only one (10%) was
a transition that resulted in a novel stop codon and the
majority (90%) were insertions or deletions that resulted in
frameshift and abnormal stop translation of HDAg. The
predicted mutated HDAg ranged from 45 amino acids to
>214 amino acids in length. Various domains of HDAg
including CCS, NLS, RBD and PAS were affected in
different defective HDV isolates (Figure 1). Most defective
mutations occurred randomly within the HDAg-coding
region, but identical mutations could be found in two patients
(patients D and E). In the patient (case no. E in Table 1)
whose long-term follow-up sera were available for analysis,
identical defective HDV clones were found at different time
points. Because this patient had relatively higher percentage
of defective HDV clones, the dominant defective HDV
clones could be reproducibly obtained using Pfu. This patient
cleared both HBV and HDV and went into biochemical
remission after an increase of defective HDV clones up to
50% (2/4) of viral populations. This patient had not received
anti-viral treatment before remission.

Table 1 Percentages of defective viral genomes in HDV genomic
populations in the sera of patients with chronic hepatitis D
Patients

HDV genotype

Number of clones defective/analyzed (%)

A

IIa

0/36 (0)

B

I

1/52 (1.9)

C

I

2/60 (3.3)

D

IIa

3/58 (5.2)

E

IIa

Total

4/64 (6.2)
10/270 (3.7)
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HDAg-S-13 d

HDAg-S-53 d

HDAg-L-18 d

HDAg-S

HDAg-L

Expression of defective HDAg in cell culture
Of the viral genomic variants analyzed, three representative
defective HDV clones and their wild type partners were
cloned in expression plasmids and co-transfected into Huh7 human hepatoma cells to observe viral interactions. To
study if HDAg proteins were expressed by the defective
HDV genomes, wild type and defective expression plasmids
of HDAg were transfected into the Huh-7 hepatoma cell
line. Cellular proteins were extracted, electrophoresed, and
immunoblotted. As shown in Figure 2, wild type small and
large HDAg proteins (abbreviated as HDAg-S and HDAgL, respectively) were expressed with the expected
electrophoretic sizes. Defective HDAg proteins (abbreviated
as HDAg-L-18d and HDAg-S-53d, respectively) were also
expressed, but in different molecular weights due to the
underlying mutations. HDAg-S-13d had a mutation between
the stop codons for the small and large HDAg-S. Therefore,
wild type small HDAg was expressed and moved to an
expected size by electrophoresis.

36
29
24
20
14
Figure 2 Western blot analysis of wild type and defective HDAgs.
The wild type and defective expression plasmids of HDAg (see Methods and Figure 1) were transfected into the Huh-7 hepatoma cell
line. Cellular proteins were analyzed by Western blotting. Wild type
small and large HDAgs (HDAg-S and HDAg-L) were in proper positions and served as controls. Defective HDAgs (HDAg-L-18d and
HDAg-S-53d) were of different molecular weights due to mutations.
HDAg-S-13d had a mutation between the stop codons for the small
and the large HDAg. Therefore, the small HDAg was expressed and
was electrophoretically correct.

DISCUSSION
Defective viruses have been reported in many viral
infections[11,26-29]. Defective hepatitis B and C viruses have
also been reported [30,31]. Defective viral genomes may
interfere with replication and suppress the direct cytotoxic
effect of the wild type viruses, or they may induce immunity
that protects hosts[11,26-30]. Defective genomes may also be a
factor contributing to persistent viral infection[11]. However,
there has been no report of defective viral genomes in
human HDV infection. This study showed that defective
viral genomes are very common (at least 80%) in HDV
infections. If more HDV clones were analyzed, we suspect
defective HDV genomes might be found in all cases with
HDV infection. However, the amounts of defective viral
genomes are rather low (usually <10% of viral population)
compared to the amounts of wild type in HDV quasi-species.
Therefore, defective viral genomes cannot be detected by
screening only a few HDV clones. Direct sequencing of
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RT-PCR products of serum HDV genomes can only discover
variants for more than 20% of viral populations[14].
One may argue that these mutations may result from
fidelity problems in PCR due to the lack of proofreading
activity of the polymerase[32,33]. To test this possibility, we
conducted our experiment using Pfu DNA polymerase with
proofreading activity. Pfu is currently reported to be the
enzyme with the lowest error rate[32,33]. The average error
rates (mutation frequency/bp/duplication) of various DNA
polymerases have been reported as follows: Pfu (1.3×10-6 )
<Deep Vent (2.7×10-6) <Vent (2.8×10-6) <Taq (8.0×10-6)[33].
Previous studies reported defective genome of HBV and
HCV were using Taq DNA polymerases[30,31]. In the current
study, defective viral genomes of HDV were detected using
Pfu DNA polymerases. The percentages of defective HDV
genomes are much higher than those that could be attributed
to PCR error rates [32]. Moreover, the 75 HDV clones
amplified and cloned from a wild type HDV plasmid did
not show any defective mutation resulted form PCR.
Therefore, the defective HDV genomes detected in this
study were not likely due to PCR errors. In the study of
HDV sequence stability by Netter et al[14], neither insertions
nor deletions were detected in the finally cloned HDV
sequences amplified by Taq polymerase from woodchuck
serum after transfection of a single cDNA clone of HDV
into a human hepatoma cell line followed by the innoculation
of the assembled HDV particles in the medium into
woodchucks for a total of six passages in different
woodchucks. In previous studies evaluating the errors
generated by PCR based on different DNA polymerases,
most of the PCR errors were found to be transitions or
transversion of nucleotides[32,33]. And the Taq polymerase
has a higher single nucleotide substitution rate, especially a
transition rate, compared to Pfu. While in the current study,
the great majority (90%) of the defective mutations were
insertions or deletions that resulted in frameshift and
abnormal stop translation of the HDAg. This is also an
evidence to support the existence of defective HDV genomes
in human infection, which gradually accumulated after long
history of evolution. Another finding to support the
existence of defective HDV is the isolation of a unique
defective clone, HDAg-S-53d, with two deleted segments
(nt 1 255 to 1 329 and nt 1 627 to 1 635, respectively) and
a replaced segment (nt 337 to 355) from a different region
of the HDAg coding sequence. A frank mutation like this
is unlikely to result from PCR error reported previously[32,33].
HDV is a RNA virus that replicates using a RNA
polymerase lacking proofreading activity, a fact that
contributes to a fast evolutionary rate. Mutations are
expected to occur after several runs of replication in a large
population of the HDV genome. In a recent report of
transfection of HDV RNA into HuH7 hepatoma cells, they
found that the polymerase was able to make an intramolecular template switch[34] . Furthermore, this switch
produced small deletions of template sequences and in some
cases even insertion of non-templated sequences. Although
their experiments are not completely comparable to human
infection, the results are at least supportive to the finding
of naturally occurring defective viral genomes in human
HDV infection. In the experiment of “serial passage of
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hepatitis delta virus in chronic hepatitis B virus carrier
chimpanzees”, an effective infectious dose was estimated
to be about 10 HDV genomes per mL. Although, defective
HDV mutations were not described in that report, it is
possible that some HDV genomes in the inoculum may be
defective and a higher concentration of viral inoculum
containing sufficient wild type HDV may be needed to
induce effective infection in chimpanzees.
From another point of view, the detection rate of
defective HDV may have been underestimated in the
current work because some defective HDV genomes may
not be secreted into serum. In addition, this study focused
only on the HDAg-coding sequence. If more clones of
whole HDV genome had been analyzed, the detection rate
might have increased. The actual incidence and percentages
of defective viral genomes in HDV quasi-species may vary
depending on individual patients and the experimental conditions
used. Nevertheless, the current study clearly indicates that
defective HDV does exist in chronic HDV infection.
In summary, defective HDV genomes do exist in chronic
HDV infection of humans. The clinical implication of the
“defective” HDV needs further study.
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Abstract
AIM: To assess the efficacy of ribavirin monotherapy in
patients with biochemical relapse after combination
therapy.
METHODS: Twenty-four weeks of ribavirin monotherapy
was given to biochemical relapsers of end treatment
biochemical responders within 6 mo after combination
therapy, including non-responders with HCV-RNA level
≤0.2 Meq/mL and end treatment virologic responders
(ETVRs) with or without reappearance of HCV-RNA.
RESULTS: Sixty-two chronic HCV-infected patients
completed 24 wk of interferon- plus ribavirin combination
therapy. Fifty patients (80%) achieved end treatment
biochemical response including 16 non-responders and
34 of 36 ETVRs. Twenty-six patients (41.9%) were nonresponders. Ribavirin monotherapy was given to 20
biochemical relapsers including 12 non-responders with
HCV-RNA levels ≤0.2 Meq/mL, four of eight HCV-RNA
reappearing ETVRs, and four HCV-RNA negative ETVRs.
After 24 wk of ribavirin monotherapy, one of 12 nonresponders, two of four HCV-RNA reappearing ETVRs and
all four RNA-negative biochemical relapsers of ETVRs
showed sustained virologic response. Two of 12
monotherapy treated non-responders showed persistent
normalization of liver function test. In total, 50% (31/62)
of patients achieved sustained virologic response.
CONCLUSION: Resumption of ribavirin monotherapy in
ETVRs at signs of viral rebound and recurrent biochemical
abnormalities rather than continuation of monotherapy
appears to be the key to success of ribavirin monotherapy
after interferon-related combination therapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Interferon- monotherapy for chronic hepatitis C virus
(HCV) infection has been disappoint with a sustained
response rate of only 20-25% after 24-48 wk of treatment[1,2].
Combination therapy with interferon- and ribavirin has
increased the sustained response rate to about 40%[3,4]. With
the advent of pegylated interferon-, the sustained response
rate of pegylated interferon- plus ribavirin combination
therapy was further advanced to 54-56%[5,6].
In spite of these recent advances, patients with HCV
genotype 1 infection have lower response rate to interferon related therapy than patients infected with HCV genotypes
2 and 3[7]. Patients with HCV genotype 1b are recommended
to receive 48 wk of interferon--related combination
treatments[5,8,9], which often include the pegylated interferon as a part of the treatment regimen. The side effect of pegylated
interferon- was reported to be similar [5] or milder than
interferon-[6], but the cost is much higher.
Ribavirin monotherapy has been unsuccessful in treating
patients with chronic hepatitis C infection[10-13]. Ribavirin as
an inhibitor of HCV viral replication, its mechanism of
action in mono- or combination therapy of chronic hepatitis
C remains unclear.
This study is designed to assess the efficacy of ribavirin
monotherapy in treating chronic hepatitis C infected patients
with low viral load after interferon- plus ribavirin combination
therapy, in the hope of reducing the medical cost and
undesirable side effects due to resumption of interferonrelated therapy.
MATERIALS AND METHODS
Materials
This study was conducted from March 1999 to July 2003.
Sixty-five patients were recruited for the investigation.
Eligible patients were previously untreated chronic C hepatitis
patients with elevation of alanine transaminase (ALT) level
2-10 times over the normal upper limit for more than
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six months. Patients were excluded if they had decompensated
liver cirrhosis, alcoholism, hepatitis B virus superinfection,
uncontrolled diabetes mellitus, autoimmune disorders,
human immunodeficiency virus infection, uremia, or organ
transplantation. Liver biopsies were done before and after
the combination therapy and were read and given a Knodell
histologic activity index (HAI) numeric score[14] by the same
pathologist. Patients, who needed ribavirin dosage reduction,
were excluded from the study.
Methods
Patients who fulfilled the above criteria were given
combination therapy consisting of 3 million U alpha-2a
interferon three times per week administered subcutaneously
or intramuscularly plus ribavirin 1 000 or 1 200 mg/d based
on the body weight (1 000 mg if body weight <70 kg,
1 200 mg if body weight ≥70 kg). Liver function test and
hemogram were performed monthly during the treatment.
After the combination treatment, the liver function test
was followed up monthly over the first 3 mo then bimonthly
in all groups. The HCV-RNA level was measured again
when the liver function test became abnormal during the
follow-up period after the combination therapy.
Non-responder is defined as detection of HCV-RNA
level at the end of 24 wk of combination therapy. End
treatment biochemical response is defined as normalization
of liver function test at the end of combination treatment
with or without detectable HCV- RNA. End treatment
virologic response is defined as normalization of liver
function test and undetectable HCV-RNA (<100 copies/mL)
at the cessation of combination treatment. Sustained virologic
response is defined as normalization of ALT and undetectable
HCV-RNA level (<100 copies/mL) at the cessation of the
combination therapy and over the following 12 mo.
Biochemical relapse is defined as elevation of ALT ≥1.5×
normal upper limit after combination therapy with or
without detectable HCV-RNA within 6 mo after end
treatment biochemical response.
Patients who experienced biochemical relapse within
6 mo after combination therapy, according to their
intention and consent to be treated, received 24 wk of
ribavirin monotherapy, and in dosages described above.
Patients diagnosed as having diabetes mellitus, fatty
liver, other viral infections, and other possible causes of
abnormal liver function test were excluded. During ribavirin
monotherapy, liver function test was followed up monthly
over the first 3 mo, then bimonthly until the end of one
year. HCV-RNA level was re-checked at the beginning of
monotherapy, at 12 wk into the therapy and at the end of
the monotherapy.
Virologic method
Quantification of HCV-RNA was first performed with a
reverse transcription-polymerase chain reaction and a
digoxigenin detection system[15]. The titer of HCV-RNA was
expressed in million genome equivalent (Meq) per milliliter.
The lower limit of detection of the test is 0.01 Meq/mL.
For HCV-RNA titers less than 0.01 Meq, the specimens
were reexamined using Amplicor qualitative HCV-RNA
assay (Roche Diagnostics, Branchburg, NJ), which has a
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lower limit of sensitivity of 100 copies/mL. Bayer Versant
3.0 (bDNA) Quantitative Assay (Bayer Diagnostics,
Emeryville, CA) was used to examine HCV-RNA levels
between 100 and 10 000 copies/mL, the lowest level of
detection is 3 200 copies/mL. The genotyping of HCV was
carried out using reverse hybridization assay (Inno-LiPA
HCV-II; Innogenetics, Gent, Belgium).
Statistical analysis
Baseline data of quantitative variables were expressed as
mean±SD. Pair data of post-treatment response in groups
were compared with t test, F test or 2 test. P values <0.05
were considered statistically significant.

RESULTS
Three of 65 patients failed to complete the study, including
two patients who were unable to tolerate the side effect of
interferon- and one patient who experienced severe
insomnia and dyspnea caused by ribavirin. Among 62
patients who completed the study, 26 (41.9%) were nonresponders. The remaining 36 patients (58.1%) achieved
end treatment virologic response. Fifty patients (80%)
including 16 non-responders and 34 of 36 end treatment
virologic responders (ETVRs) achieved end treatment biochemical response. The HCV-RNA levels in 12 of 16 nonresponders who achieved end treatment bio-chemical
response were ≤0.2 Meq/mL as ALT relapsed. They were
included in the monotherapy. Two among 36 ETVRs
demonstrated persistent abnormal liver function test
resulting from fatty liver as HCV-RNA levels were
undetectable (<100 copies/mL ) in four consecutive
follow-up tests for one year and obvious fatty liver was
demonstrated by ultrasonography. They were excluded from
the monotherapy. Mild and transient elevations of ALT
levels (<1.5 normal upper limit), which returned to normal
one month later, were observed in four ETVRs at the fifth
month after combination therapy. They were also excluded
from the monotherapy. In total, 12 of 36 ETVRs demonstrated
biochemical relapse within 5 mo after combination therapy
including eight patients with HCV-RNA reappearance and
four patients without detectable serum HCV-RNA levels
(HCV-RN<100 copies/mL). Four of HCV-RNA reappearing
ETVRs and all four RNA-negative ETVRs were included
in the study. In total, ribavirin monotherapy was administered
to 20 biochemical relapsers including four of eight HCVRNA reappearing ETVRs, four HCV-RNA negative
ETVRs, and 12 HCV-RNA levels ≤0.2 Meq/mL nonresponders. The baseline characteristics and virologic profiles
of these 62 patients are divided into three groups according
to treatment responses as presented in Table 1. No significant
difference is seen in gender, age, HCV genotype, cirrhosis,
patient number of HCV-RNA >2 Meq/mL, and HAI scores
in pairwise comparisons among three treatment groups.
The initial HCV-RNA levels of 12 non-responders who
were eligible for monotherapy ranged from 0.0046 to
0.2 Meq/mL at biochemical relapse. Three patients failed
to normalize the liver function tests. Nine patients (75%)
experienced normalization of ALT during the monotherapy.
One of these nine patients achieved sustained virologic

Yen CL et al. Ribavirin in relapsers of combination therapy
Table 1 Base-line characteristics of patients who underwent
combination therapy
Total
Sex (m/f)
25/37
Age (yr)
51.5±11.1
HCV genotype (%)
1a
1b
49 (79)
2a
5 (8)
2b
8 (13)
Cirrhosis (%)
16/62 (26)
HCV-RNA (%)
6/62 (10)
titer >2 Meq copies/mL
HAI score
9.5±3.8

Non-responder

SVR

Relapser

10/16
50.2±12.5

10/14
52.6±9.6

5/7
52.9±10.7

22/26 (84.6)
1/26 (3.8)
3/26 (11.5)
9/26 (35)
2/26 (8)
10.6±4.3

18/24 (75)
3/24 (12.5)
3/24 (12.5)
5/24 (21)
2/24 (8)
8.6±2.4

9/12 (75)
1/12 (8)
2/12 (17)
2/12 (17)
2/12 (17)
8.7±31

No statistical difference in pair comparisons of sex, age, genotypes, cirrhosis,
patient number of HCV-RNA titer >2Meq/mL and HAI scores in nonresponders, sustained virologic responders and relapsers.

response when the monotherapy ended. The HCV-RNA
level was 0.011 Meq/mL at the start of the monotherapy.
This patient sustained the virologic response one year after
monotherapy. Two of these nine patients, although
HCV- RNA levels were 0.0046 and 0.08 Meq/mL,
respectively at the beginning of the monotherapy,
experienced 2 and 3 years of biochemical remission after
the monotherapy. The HCV-RNA levels were 2.6 and
0.868 Meq/mL, respectively at the end of follow-up. The
ALT levels of the remaining six patients became abnormal
again and the HCV-RNA levels remained detectable at the
end of the monotherapy.
In four HCV-RNA negative biochemical relapsers of
ETVRs, the ALT levels normalized and the HCV-RNA
levels remained undetectable for 2 years after monotherapy.
In two of four HCV-RNA reappearing biochemical
relapsers of ETVRs, ribavirin monotherapy was given at
1 and 3 mo after the detection of ALT elevation. The
HCV-RNA levels in both patients became undetectable
(<100 copies/mL) again at the end of the monotherapy
and remained undetectable for over one year. The HCVRNA levels were 3.8 and 0.061 Meq/mL, respectively at
the start of monotherapy. The remaining two of four
HCV-RNA reappearing biochemical relapsers of ETVRs
received ribavirin monotherapy as late as 6 mo after the
cessation of combination treatment and failed to respond
to ribavirin monotherapy. The HCV-RNA levels were
1.06 and 2.7 Meq/mL, respectively at the beginning of
monotherapy, and remained detectable at the end of
monotherapy.
The demography of patients who had sustained virologic
response after monotherapy is shown in Table 2. With
seven additional sustained virologic responders after the
monotherapy, the number of patients with sustained virologic
response increased from 24 to 31 (50% of 62 enrolled patients)
at the conclusion of the study.

DISCUSSION
In the present study, we have shown that adjuvant ribavirin
monotherapy given early at the signs of recurrent liver
function abnor malities following the completion of
interferon-ribavirin combination therapy achieved sustained
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virologic response in seven of 20 patients. These results
contrast with previous studies [10-12] wherein ribavirin
monotherapy, used at the start of the anti-viral treatment
or administered in non-responders when the viral loads were
well established, showed little efficacy. Our results further
contrast with a previous randomized controlled study by
Shiffman et al[13], wherein no enhanced anti-viral response
was observed in virologic responders of combination
therapy who continued ribavirin monotherapy.
We think the different clinical outcome in our study
may be attributable to the following. First, the patients
studied here are treatment-naïve, unlike Shiffman’s study
in which the patients were relapsers after interferon
monotherapy. Second, we employed ribavirin in a different
treatment strategy-under the condition when the viral
loads of the patients were low and soon after the
combination therapy. The ribavirin monotherapy in our
study was administered 1 to 3 mo after liver function
abnormalities instead of continuing immediately after the
combination or interferon therapy as carried out by
Shiffman et al.
Mathematical analyses of viral load changes have
provided critical insight into the pathogenesis of the chronic
viral infection of HCV[16,17]. Dose-dependent exponential
decline in viral load has been demonstrated by Lam et al[18]
in interferon treatment as well as Buti et al[19] in pegylated
interferon treatment. The decline is slower in patients infected
by HCV genotype 1 and in African Americans[18,20]. After the
rapid clearing of the viral RNA in the first phase, viral
decline slows and becomes variable in the second phase
[21]
. The effect of the first phase is believed to be
predominantly due to the inhibition of de novo infection
of susceptible cells by interferon. The second phase of
viral decline is thought to depend on the clearing of the virus
from the infected cells with or without cell turnover[22]. To
explain our results, we hypothesize that the significant
reduction in viral load after the initial interferon-based monoor combination-therapy may have created a genetic
bottleneck wherein only attenuated HCV variants escaped
and persisted. When reemerged, these attenuated HCV
variants may have provided a boost to the immune system
that was accompanied by liver function abnormalities. Indeed,

Table 2 Demography of patients with sustained virologic response
after ribavirin monotherapy
Gender, age
(yr)

Genotype HCV-RNA ALT elevation Monotherapy Cirrhosis
(b)
(mo)
(mo)

F53 (Meq/mL)

1

3.81

2

3

+

F43 (Meq/mL)

2

0.061

1

1

–

1

F49 (Meq/mL)

1

0.011

2

1

–

F57 (copies/mL) 2

<100

1

2

–

F50 (copies/mL) 1

<100

2

1

–

M50 (copies/mL) 1

<100

1

2

–

M58 (copies/mL) 1

<100

5

2

–

Note: ALT elevation denotes the onset of ALT ≥1.5× normal upper limit after
combination therapy in months. Monotherapy denotes the onset of ribavirin
monotherapy after biochemical relapse in months. 1 Non-responder at the
cessation of combination therapy.
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a previous report by Balladini et al [23] showed that serum
ALT level is correlated with the number of lobular CD8+
cells and histologic manifestation. ALT elevation, in our cases,
may coincide with a rebound of immune response to the
reemergence of virus. The timely administration of ribavirin
at this point may have reduced the viral load and/or
impaired the virus further by introducing mutations into
the viral genome. These conditions may have mimicked a
booster effect in vaccination procedure and thus favor the
induction of an effective host immune response against
residual HCV, leading to the eventual viral clearance. This
would explain why continuous ribavirin monotherapy is
ineffective, while restarting ribavirin monotherapy at the
signs of reemergence of viral RNA and/or liver function
abnormalities as described here shows significant efficacy.
Continuing ribavirin immediately after the interferon therapy
may reduce HCV replication, but at the same time eliminate
the immunological booster effect provided by the reemergence
of low-level replication of “attenuated” HCV.
The mechanisms of action of ribavirin in the treatment
of HCV infection remain incompletely understood. Ribavirin
monotherapy has been shown previously to induce transient
improvement of liver function test in chronic HCV-infected
individuals, but had no sustained response[10-12]. While the
added benefit of ribavirin to interferon treatment is obvious,
the mechanism of its action is unclear, as it did not show
significant inhibition of viral production[24]. Ribavirin has
been shown to decrease HCV replicon RNA sequence
moderately and can cause a significant reduction in viral
infectivity in a single round of poliovirus infection by
increasing the viral mutation rate[25,26]. Ribavirin has also
been shown to enhance antiviral Th1 and suppress Th2
cytokines expression in human T cells[27]. Further studies to
clarify the role of ribavirin in improving the efficacy of
our treatment protocol are needed.
In agreement with the previous report where 5% of the
patients with sustained virologic response had persistent rise
of ALT[28], two of 36 ETVRs (5%) in this study were found
to have fatty liver and persistently abnormal ALT. Critical
to the significance of this study is the inclusion of those
four biochemical relapsers who showed elevated ALT levels
(≥1.5-2.0× normal upper limit) but were serum HCV RNAnegative at the start of the ribavirin monotherapy. These
four patients were able to normalize their ALT levels after
the monotherapy. We think the conditions of these four
patients would have worsenedif had they been left untreated.
Their hepatic abnormalities are clear indications of viral
reemergence despite negative serum HCV levels. Indeed,
a recent report using quantitative hepatic HCV-RNA
measurement found that intrahepatic HCV RNA was
detectable in 2% of sustained virologic responders, among
them, two of five patients had reappearance of HCV-RNA[29].
Two of four patients whose HCV-RNA recurred after end
treatment virologic response responded to monotherapy is
most intriguing in this study because monotherapy was
minimally effective in non-responders. The observation
requires a control and larger number of patients to clarify
its role.
In conclusion, combination treatment with 24 wk of
interferon and ribavirin achieved 40% of sustained virologic
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response in the previous study in this island[3]. In the present
study, we show that the sustained virologic response rate
can be increased up to 50% by adjuvant ribavirin monotherapy
following the combination therapy upon recurrence of ALT
abnormalities. The present result further indicates 24 wk
of interferon and ribavirin combination treatment followed
by adjuvant ribavirin monotherapy when signs of HCVRNA and ALT abnormalities appear can achieve nearly the
same treatment goal as 48 wk of combination treatment
especially in biochemical relapsers of ETVRs before or on
HCV-RNA reappearing, thus reducing the suffering
associated with the latter treatment.
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Abstract
AIM: Both development and progression of malignancies
occur as a multistep process, requiring the activation of
oncogenes and the inactivation of several tumor suppressor
genes. The loss of heterozygosity (LOH) of tumor suppressor
genes is believed to play a key role in carcinogenesis of
colorectal cancer (CRC). In this study, we analyzed the
LOH of seven loci on chromosome 22q13 in an effort to
identify candidate tumor suppressor genes involved in
colorectal carcinogenesis.
METHODS: Matched tumor and normal tissue DNA were
analyzed by PCR using fluorescence-labeled polymorphic
microsatellite markers in 83 CRC patients. PCR products
were eletrophoresed and LOH was determined by
calculating the peak height acquired through computer
software. Comparisons between LOH frequency and
clinicopathological features were performed by 2 test.
P<0.05 was considered as statistical significance.
RESULTS: The average LOH frequency of chromosome
22q13 was 28.38%. The highest LOH frequency was
64.71% on D22S1160 locus, and the lowest was 21.43%
on D22S1141 locus. We detected two obvious minimal
deletion regions: one between markers D22S1171 and
D22S274, the other flanked by markers D22S1160 and
D22S1149, each about 2.7 and 1.8 cm, respectively. None
had lost in all informative loci. LOH frequency on D22S1171
is 50% on distal colon, which was higher than that on
proximal one (P = 0.020); on D22S114 locus, none LOH
event occurred in patients with liver metastasis, whilst
46.94% occurred in patients without liver metastasis
(P = 0.008); on D22S1160 locus, LOH frequency in lymph
nodes metastasis patients was 83.33%, which was much
higher than 43.75% without lymph nodes metastasis ones
(P = 0.016). There was no statistical significance between
clinicopathological features and other loci.

CONCLUSION: This study provides evidence of two
minimal deletion regions, which may harbor putative
tumor suppressor genes related to progression and
metastasis in sporadic colorectal carcinoma on chromosome
22q13.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is a predominant disease in the
western world, after lung cancer in men and breast cancer
in women, and CRC is the most common cause of cancerrelated death. The peak incidence of CRC was in the
seventh decade of the 20 th century and it is fairly equally
distributed between men and women[1]. Both development
and progression of malignancies occur as a multistep process,
requiring the activation of oncogenes and the inactivation
of several tumor suppressor genes[2]. The loss of heterozygosity
(LOH) of tumor suppressor genes is believed to be one of
the key steps to carcinogenesis of CRC. LOH, the loss of
one allele at a specific locus, is caused by a deletion mutation
or loss of a chromosome from a chromosome pair. When
this occurs at a tumor suppressor gene locus where one of
the alleles is already abnormal, it can result in neoplastic
transformation. In CRCs, frequent allelic loss has been
identified in chromosome 5q (30%), 8p (40%), 17p (75-80%),
18q (80%) and 22q (20-30%)[3] . Indeed, much has been
published on tumor suppressor genes APC, p53, and DCC,
which have been localized to chromosome 5q, 17p and
18q, respectively. Recently, new tumor suppressor genes,
such as PTEN (10q23), FHIT (3p14), Smad4 (18q), have
been found. The LOH analysis became an effective way to
find informative loci and then to find candidate tumor
suppressor genes. In an attempt to integrally investigate the
loss of tumor suppressor genes and search for putative
suppressor loci associated with tumor occurrence and
progression, we have conducted a genome-wide LOH study
of 83 tumor samples obtained from Chinese patients with
sporadic CRC. We found that LOH frequency was higher
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than 35% in over 30 loci[4]. In this study, we analyzed the
LOH of seven loci on chromosome 22q13 (encompassing
D22S274 locus) of sporadic CRC in an effort to identify
additional loci involved in colorectal tumorigenesis.

MATERIALS AND METHODS
Patient sample and DNA extraction
This study was based on 83 consecutively collected tumors,
including 40 males and 43 females, from unrelated patients
with CRC, treated at the surgical department in Shanghai
No. 1 People’s Hospital, China, between 1998 and 1999.
The patients’ ages ranged from 31 to 84 years with a median
of 66 years. The cancerous tissue and adjacent normal tissue
were frozen freshly. These tissues were cut into cubes of
approximately 2 mm3 and immediately frozen in liquid
nitrogen. DNA was extracted using standard methods with
proteinase K digestion and phenol/chloroform purification.
All patients were confirmed by pathology, and were staged by
Duke’s criterion. Each patient was given his or her informed
consent for the use of his or her tissues in this study.
Microsatellite markers and PCR
Seven fluorescence-labeled primers for polymorphic
microsatellite markers (Shanghai Biological Technology Ltd,
China), flanked on each side on D22S274 locus (Figure 1),
were used to analyze matched pairs of normal and tumor
DNA for LOH analysis. The sequence of markers was pterD22S115-D22S1171-D22S114-D22S274-D22D1141D22S1160-D22S1149-D22S1170-qter. The relative position
was from the Genothon human genetic linkage map[5].
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for 20 s, 56 ℃ for 1 min, 72 ℃ for 1 min in stage III.
LOH analysis
A portion of each PCR product (0.5 µL) was combined
with 0.1 µL of Genescan 500 size standard (PE Applied
Biosystems) and 0.9 µL of formamide loading buffer. After
denaturation at 96 ℃ for 5 min, products were eletrophoresed
on a 5% polyacrylamide gel on an ABI 377 DNA sequencer
(PE Applied Biosystems) for 3 h. Genotyper 2.1 software
displays individual gel lanes as electropherograms with a
given size, height and area for each detected fluorescent
peak. Stringent criteria were used to score the samples.
Alleles were defined as the two highest peaks within the
expected size range. A ratio of T1:T2/N1:N2 of less than
0.67 or greater than 1.50 was scored as a LOH (Figure 2).
Most amplification of normal DNA produced two PCR
products indicating heterozygosity. A single fragment
amplified from normal DNA (homozygosity) and those PCR
reactions, in which fragments were not clearly amplified,
were scored as not informative. The LOH frequency of a
locus is equal to the ratio of the number between allelic
loss and informative cases. The average LOH frequency
of chromosome 22 long arm is the average value of each
locus LOH frequency.

A

192

pter

22q13.32

62

300
200
100

N

22q13.1
22q13.2
22q13.31

200
150
100
50

T

D22S1141
D22S1160

I D22S274
D22S1149
D22S1170

341

B

270
900
600
300

T
1 172

764

22q13.33
qter
300
200
100

N
Figure 1 Microsatellite markers location on 22q13.

Polymorphic microsatellite markers were analyzed for
each patient’s tumor and normal DNA by PCR (GeneAmp
PCR System 9 700, PE Applied Biosystems, Foster City,
CA). PCR conditions were as follows: 5 µL total volume
with approximately 1.4 ng of DNA as a template with
10 mmol/L standard buffer, 1.5 mmol/L Mg2+, 80 mmol/L
deoxynucleotide triphosphates, 0.3 unit of Hot-start Taq
polymerase and 0.06 µmol/L of each oligonucleotide primer,
with the forward primer fluorescence labeled with FAM.
Cycling condition consists of three stages: an initial
denaturation at 96 ℃ for 12 min in stage I; 14 cycles each
at 94 ℃ for 20 s, 63-56 ℃ for 1 min (0.5 ℃ decreased per
cycle), 72 ℃ for 1 min in stage II; 35 cycles each at 94 ℃

350

264

Figure 2 LOH demonstration. A: The typical peak of LOH: allele
ratio = (T1/T2)/(N1/N2) = (190/62)/(341/270) = 2.43>1.5; B: The normal
peak: allele ratio = (T1/T2)/(N1/N2) = (1172/764)/(350/264) = 1.15.
T: tumor N: normal.

Statistical analysis
Comparisons between LOH and clinicopathological data
were performed by 2 test. P<0.05 was considered as
statistically significant.

RESULTS
LOH analysis on 22q13
The average LOH frequency of chromosome 22q13 is

1670

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

28.38%. Fifty-five cases (66.27%) showed LOH on at least
one marker on 22q13 (Table 1). LOH frequency on
D22S1160 locus was the highest (64.71%), and on
D22S1141 locus is the lowest (21.43%). We screened two
obvious minimal deletion regions: one between markers
D22S1171 and D22S274 (22q13.31), the other flanked by
markers D22S1160 and D22S1149, each about 2.7 and
1.8 cm, respectively. None had lost in all informative loci.
On D22S1149 locus, less information was got because of
more homozygosity (Table 2).
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Table 2 LOH frequency statistics result on 22q13
Locus

Location

LOH
cases

Normal
cases

Informative
rate

Distance LOH
(cm) rate (%)

D22S115

22q13.2

14

36

60.24

–

28

D22S1171

22q13.31

19

31

60.24

1.2

38

D22S114

22q13.31

23

35

69.88

0.7

39.65

D22S274

22q13.31

16

31

56.63

2.0

34.4

D22S1141

22q13.31

9

33

50.60

1.1

21.43

D22S1160

22q13.31

22

12

40.96

0.8

64.71

D22S1149

22q13.31

5

8

15.66

1.8

38.46

D22S1170

22q13.31

7

28

42.17

6.8

20

Table 1 LOH result on every locus
No. D22S115 D22S1171 D22S114 D22S1141 D22S1160 D22S1149 D22S1170
001T
019T
002T
006T
012T
016T
021T
008T
013T
017T
022T
010T
014T
018T
023T
029T
044T
101T
105T
030T
036T
041T
045T
102T
106T
032T
037T
042T
103T
033T
108T
116T
124T
128T
117T
121T
114T
122T
126T
130T
111T
127T
131T
132T
136T
140T
144T
133T
137T
141T
145T
134T
142T
139T
143T

△
N
N
△
L
N
N
△
N
N
N
△
△
N
△
N
△
L
N
△
N
△
L
△
L
N
N
△
N
L
N
L
L
△
L
N
L
L
△
△
L
△
L
△
△
N
N
N
△
△
△
N
L
L
△

△
N
△
N
N
L
N
L
△
N
△
N
△
L
L
L
L
△
L
△
△
△
L
N
N
N
L
N
△
L
N
L
N
△
△
△
N
L
△
L
L
△
N
L
N
N
N
△
L
N
N
L
△
L
L

L
△
N
L
L
N
△
L
N
L
L
L
△
△
△
△
L
L
△
N
N
L
△
L
△
N
△
N
△
L
N
L
L
N
△
N
L
L
△
△
△
L
N
△
L
N
N
L
L
△
L
N
L
L
N

△
N
N
△
△
△
N
△
N
△
△
△
N
△
N
N
L
△
△
L
N
△
L
△
△
△
L
L
N
L
△
△
△
N
△
△
△
L
L
△
N
△
△
△
△
△
△
N
N
N
N
△
L
△
N

N
L
△
△
L
△
L
△
L
△
△
△
L
N
N
L
L
L
L
△
N
L
L
L
△
△
△
△
L
△
△
L
△
L
△
△
N
△
L
△
N
△
L
L
N
L
△
△
△
L
△
△
L
△
L

△
△
△
△
△
△
△
△
△
△
△
L
△
△
N
△
△
△
△
△
△
△
△
△
△
△
△
△
△
△
△
△
△
△
△
L
△
L
△
L
△
△
△
△
L
△
△
△
△
△
△
△
N
△
△

N
△
L
N
△
△
△
△
△
△
△
N
L
△
△
△
△
L
△
L
L
L
N
△
△
L
L
L
△
L
L
L
△
△
△
L
L
L
△
L
L
△
△
N
△
△
L
△
△
N
△
△
△
N
△

L: loss of heterozygosity. N: retention of heterozygosity. △: non-informative
(homozygosity/MSI/no production).

Relationship of clinicopathological features and LOH on
22q13
LOH frequency on D22S1171 is 50% on distal large
intestinal cancers, which was higher than that on proximal
ones (P = 0.020). On D22S114 locus, none exhibited LOH
in patients with liver metastasis, whilst 46.94% without liver
metastasis (P = 0.008). On D22S1160 locus, LOH frequency
in lymph metastasis patients was 83.33%, much higher than
that without lymph metastasis (43.75%, P = 0.016). There
was no statistical significance between clinicopathological
features and other loci (Table 3).

DISCUSSION
During tumorigenesis, loss of the wild-type allele is frequently
observed at the appropriate locus. It was widely accepted
that LOH on tumor suppressor genes played a key role in
CRC transformation. LOH analysis of sporadic CRC can
promote the discovery of unknown tumor suppressor
genes[6,7] . Allelic loss on chromosome 22q is present not
only in CRC but also in oral (40%)[6], brain (40%)[7], ovarian
(55%) [8], breast (40%) [9], pancreatic endocrine tumor
(30%)[10], gastrointestinal stromal tumor (77%)[11], and even
hepatocellular carcinoma[12]. After microsatellite DNA
analysis, several attempts were made to identify a region of
deletion and eventually the tumor suppressor gene(s)
responsible for these neoplasms. Allelic deletions were
restricted to D22S274 (22q13) marker in oral squamous
cell carcinoma[6].
We have made the LOH analysis on the long arm of
chromosome 22 in the previous report[13] in CRC research,
and found that there was a relatively high LOH frequency
(34.04%) on D22S274 locus. In order to detect unknown
tumor suppressor genes on this region, in this study, LOH
scanning was carried out in 83 sporadic CRC samples with
eight high-density polymorphic markers lying on each side
on D22S274 locus (the average hereditary distance, 1.9 cm).
By Genotyper software, i.e., by the ratio of the fluorescence
intensity of allele, we hope to identify additional high-deletion
loci involved in colorectal tumorigenesis and progression.
Through refined mapping, we detected two obvious
minimal deletion regions: one between markers D22S1171
and D22S274 (22q13.31), LOH frequency was 34.4-39.65%,
about 2.7 cm; the other flanked by marker D22S1160 and
D22S1149 locus, LOH frequency was 38.46-64.71%, about
1.8 cm. Castells et al [14,15], report a allelic loss interval to a
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Table 3 Relationship between clinicopathological features and LOH cases on 22q13

Gender

Male

D22S1157

D22S1171

D22S114

D22S1141

D22S1160

D22S1149

D22S1170

L

N

L

N

L

N

L

N

L

N

L

N

L

N
14

4

18

10

10

10

16

6

19

7

7

2

7

4

Female

10

18

9

21

13

19

3

14

15

5

3

1

3

14

Age (yr)

>60

11

26

14

26

20

26

8

22

14

10

4

7

6

25

≤60

3

10

5

5

3

9

1

11

8

2

1

1

1

3

Location

Proximal colon

8

12

3

15

11

12

2

8

6

6

3

3

3

15

Distal colon

5

9

9

7

7

7

3

8

8

4

1

2

2

5

Rectum

1

15

7

9

5

16

4

17

8

2

1

3

2

8

Massive

7

14

7

13

11

14

4

14

5

7

4

4

4

11

Ulcerative

5

19

11

13

8

17

4

16

15

4

0

2

3

15

Encroaching

2

3

1

5

4

4

1

3

2

1

1

2

0

2

Size (cm)

≥5

7

14

8

13

9

13

4

16

5

6

2

5

4

17

<5

7

22

11

18

14

22

5

17

17

6

3

3

3

11

LN metastasis

LN (+)

7

20

10

17

12

17

4

16

15

3

2

3

3

13
15

Gross pattern

7

16

9

14

11

18

5

17

7

9

3

5

4

Liver metastasis LM (+)

LN (-)

2

5

3

4

0

9

1

6

2

2

0

0

2

4

LM (-)

12

31

16

27

23

26

8

27

20

10

5

8

5

24

Differentiation

Dukes stage

Well

5

7

3

5

6

7

2

9

4

3

1

2

1

3

Moderately

6

23

13

15

10

21

6

15

10

6

2

3

6

16

Poorly

1

1

1

3

2

1

0

1

0

1

0

0

0

2

Mucinous

2

5

2

8

5

6

1

8

8

2

2

3

0

7

A

1

3

2

0

3

3

0

4

1

3

0

1

0

3

B

4

9

4

10

6

9

4

6

6

3

3

4

2

7

C

6

19

10

15

13

13

5

15

12

4

2

3

3

14

D

3

5

3

5

1

10

0

8

3

2

0

0

2

4

0.5 cm on 22q13 in CRC and breast cancer. The region
was flanked by D22S1171 and D22S298, which just
included our first detected deletion region. Huang et al[16],
found that allelic loss on 22q was 36.4% (12/33), and identified
two common regions of deletion. One candidate region
between D22S274 and D22S1149, about 2.4 cm, was just
overlapping with our second deletion region.
LOH on D22S1171 locus was associated with tumor
location, i.e., distal large intestinal cancers are prone to cause
LOH than proximal cancers (P = 0.020). Zhou et al [10],
found the same phenomenon on D22S274 locus. By the
same result, it may be inferred that distal CRC reveals a
different mechanism on tumorigenesis. Now, it is admitted
that the mechanism of carcinogenesis in distal colon was
different from that in proximal one[17-19]. And the mechanism
in rectal cancer was also different from that in the proximal
colon[20]. Distal colon cancer displayed a higher frequency
of 17p and 18q allelic loss, p53 accumulation[21], c-myc
expression and aneuploidy[22]. Right-sided tumors are more
often diploid[23] and of the microsatellite instability (MSI)
phenotype. We can conclude that LOH (17p, 18q) plays an
important role in the formation of distal CRC.
Furthermore, we found that D22S1160 locus is
associated with lymph nodes metastasis; 83.33% (15/18)
LOH cases show lymph nodes metastasis, while only
43.75% (7/16) LOH cases without lymph nodes metastasis.
This region may harbor tumor suppressor gene which
associates with metastasis and results in lymph nodes
invasion. But no significant difference was seen with liver
metastasis. On D22S114 locus, LOH frequency is negatively
associated with liver metastasis, none exhibited LOH in nine
cases with liver metastasis (0/9), but 46.94% (23/49) exhibited

LOH in patients without liver metastasis (P = 0.008). No
significant difference was seen with lymph metastasis on
this locus. These results indicate that LOH on the two loci
are late events in tumorigenesis; lymph nodes metastasis
and liver metastasis may reveal a different molecular
mechanism.
We scanned GeneMap’ 99 database, and found that no
known gene exists in these regions. Castells et al[14], also have
not found known gene between D22S1171 and D22S298
locus in colorectal and breast cancer. The completion of
the chromosome 22q sequencing project permitted the
prediction of unknown genes using computer-based
approaches. Following this strategy, the Sanger Center
predicted the existence of eight genes and four pseudogenes
between D22S1171 and D22S298 locus[23]. Castells and his
colleague made further study and identified several DNA
variants that are not compatible with pathogenic mutation.
Accordingly, PARVG genes were excluded as tumor
suppressor gene on 22q13 involved in CRC and breast cancer
development and progression[24]. With the cloning of new
genes and further function recognizing of known genes,
new foundation will be achieved on 22q13.
In summary, by detailed deletion mapping, we detected
two obvious LOH deletion regions, one between markers
D22S1171 and D22S274 (22q13.31), the other flanked by
markers D22S1160 and D22S1149, about 2.7 and 1.8 cm,
respectively. These regions may harbor candidate tumor
suppressor gene related to tumorigenesis and progression
in CRC. Our study provided the significant data to reveal
the mechanism of colorectal carcinogenesis. And further
LOH scanning with high-density microsatellite markers and
selected genes mutant and methylation analysis in the region
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may provide much more genetic and epigenetic information
and find the potential tumor suppressor genes.
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14 (codon 743) of hMSH2 and a TTC deletion in exon 14
(codon 530) of hMLH1.

Abstract

Luo DC, Cai Q, Sun MH, Ni YZ, Ni SC, Chen ZJ, Li XY, Tao
CW, Zhang XM, Shi DR. Clinicopathological and molecular
genetic analysis of HNPCC in China. World J Gastroenterol
2005; 11(11): 1673-1679

AIM: To explore the clinicopathological and molecular
genetic features of hereditary nonpolyposis colorectal
cancer (HNPCC) in Chinese population.
METHODS: We collected 16 Chinese HNPCC families from
Wenzhou, Zhejiang Province, China. Tumor tissues and
peripheral w hite blood cells were s tudied using
microdissection, microsatellite analysis, immunostaining
of hMSH2 and hMLH1 proteins and direct DNA sequencing
of hMSH2 and hMLH1 genes.
RESULTS: (1) A total of 50 patients had CRC. Average
age at diagnosis of the first CRC was 45.7 years; 40.9%
and 28.7% of the CRCs were located proximal to the
splenic flexure and in the rectum, respectively. Thirty-eight
percent of the colorectal cancer patients had synchronous
and metachronous CRC. 34.4% and 25% of the CRCs were
poor differentiation cancer and mucinous adenocarcinoma,
respectively. Fourteen extracoloni tumors were found, and
the hepatic cancer was the most common tumor type.
Twenty-one patients whose median survival time was
5.7 years died during 1-23 years. Twenty-nine patients
have survived for 1-28 years, 58.6%, 41.4% and
24.1% patients have survived for more than 5, 10 and
15 years, respectively; (2) All nine tumor-tissues showed
microsatellite instability (MSI) at more than two loci. Four
tumor-tissues lost hMSH2 protein expression and one lost
hMLH1 protein expression. Three pathological germline
mutations were identified from five genetically analyzed
families; two of three mutations had not been reported
previously as they were a transition from C to A in exon

CON CLUSI ON: C hin es e H N PC C hav e s pe cif ic
clinicopathological features, such as early onset, propensity
to involve the proximal colon, and high frequency of
multiple CRCs, liver cancer more frequent than endometrial
cancer. Chinese HNPCC showed relatively frequent germline
mutation of mismatch repair (MMR) genes that correlated
closely with high-level MSI and loss of expression of MMR
genes protein.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In 1895, Warthin first described some families with an excess
of colorectal, uterine and gastric cancers. In 1960s, Lynch
accurately described these cancer-prone families. This
condition was first termed the “cancer family syndrome”
and was later renamed hereditary nonpolyposis colorectal
cancer (HNPCC). According to the absence or presence
of extracolonic malignancies, these families were divided
into Lynch syndrome I (hereditary site-specific colorectal
cancer) and Lynch II syndrome (colorectal cancer in
association with extracolonic cancer)[1]; which accounts for
1-10% of the total colorectal cancer population[1-5]. Clinically,
it is diagnosed by Amsterdam criteria[6]: (1) three or more
relatives with histologically verified colorectal cancer, one
of whom is the first-degree to the other two; (2) colorectal
cancer affecting at least two generations; and (3) one or
more colorectal cancer cases diagnosed before the age of
50. In addition, familial adenomatous polyposis (FAP) must
be ruled out. As the criteria are too rigid for small families,
they exclude extra-colonic cancers associated with HNPCC.
In Asia, on the other hand, the Japan Research Society for
Cancer of the Colon and Rectum developed the clinical
criteria (Japanese criteria) for HNPCC in 1991[7]. The criteria
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include A: a case with three or more colorectal cancers
within the first-degree relatives; B: a case with two or more
colorectal cancers within the first-degree relatives meeting
the following criteria: (1) age onset of colorectal cancers
being earlier than 50 years old; (2) with right colon
involvement; (3) with synchronous or metachronous multiple
colorectal cancers; (4) associated with synchronous or
metachronous extracolonic malignancies.
Germline mutations of six genes involved in DNA
mismatch repair (MMR), i.e., hMSH2, hMLH1, PMS1,
PMS2, MSH6 (also known as GTBP) and MLH3, have
been identified in patients with the disease, and the former
two genes account for the large majority of mutations found
in families with HNPCC. Totally, these genes are now
believed to account for about 50-70% of all families with
HNPCC and over 90% of the identified mutations focused
on the two genes, hMSH2 and hMLH1[8-14]. There are many
studies about the procedures of genetic testing of HNPCC,
such as microsatellite instability (MSI), immunohistochemistry
(IHC) and direct DNA sequencing[15-18].
It is of no doubt that there is a large population of
HNPCC in China[19]. In 1996, Mo et al[20] first reported the
clinical features of HNPCC cases. Until now there have
been only some case reports of HNPCC in China and no
systemic study of molecular genetic aspects of HNPCC
has been presented. In the present study, 16 Chinese HNPCC
families are included of which nine families fulfilling the
Amsterdam criteria and seven families fulfilling the Japanese
criteria B. We conducted clinicopathological and molecular
genetic analyses of Chinese HNPCC families.

MATERIALS AND METHODS
Materials
From 1999 to 2004, 16 Chinese HNPCC families that were
registered at the Department of Surgical Oncology in the
Second People’s Hospital of Wenzhou and at the Department
of Surgery in the First Affiliated Hospital of Wenzhou
Medical College were collected, of which nine HNPCC
families fulfilled the Amsterdam criteria and seven HNPCC
families fulfilled the Japanese criteria B. When the probands
were verified, we investigated the more detailed family
history of patients in the hospital or through inquiry by
telephone, mail or visit. The tree of each family pedigree
was drawn. And these HNPCC patients are being followed
up.
Tumor tissues of nine identified patients, peripheral white
blood cells of probands and members (over the age of 18)
in the five genetic analyzed kindreds were collected for the
study.
Methods
Microdissection and DNA extraction The 7-m paraffinembedded sections were deparaffinized. They were lightly
stained with hematoxylin for microdissection. The
microdissection was performed under the dissection
microscope with a scalpel. The microdissected tissues were
transferred directly into a centrifugation tube with 150 L
cell lysis buffer (0.5 mol/L Tris, 20 mmol/L EDTA,
10 mmol/L NaCl, 10 g/L SDS, 0.5 g/L proteinase K).
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The subsequent DNA extraction was performed according
to the protocol of the DNA extraction kit (Daxia Biotech
Ltd, Shanghai). So was Genomic DNA from peripheral white
blood cells.
Microsatellite instability analysis Matched normal and
tumor DNA were investigated with a panel of five
microsatellite markers (including BAT26 and BAT25,
D2S123, D5S346 and D17S250) that were recommended
by the International Collaborative Group on Hereditary
Non-Polyposis Cancer and the National Cancer Institute[21,22].
The primer sequences have been published elsewhere[22] .
The primer pairs were synthesized by Shenyou Biotech Ltd.
Each forward primer was labeled with a fluorescent dye at
5’ end. The mixture was denatured, snap cooled and
electrophoresed on ABI 310 automated DNA sequencer
according to the manufacturer’s instructions. The
electrophoresis results were analyzed by GeneScan software.
MSI was determined according to Gebert et al[23]. Additional
peaks (bands) at a microsatellite locus in the tumor compared
with the normal tissue from the same patient were
interpreted as MSI. Cases with MSI in more than two of
the five loci were interpreted as exhibiting high microsatellite
instability (MSI-H).
Immunostaining for hMSH2 and hMLH1 Immunostaining
was performed using a monoclonal antibody against the
hMSH2 (Oncogene Ltd) and a monoclonal antibody against
the hMLH1 (Pharmingen Ltd) at 1:40 dilutions. The
antibodies were detected by the Envison two-step method.
The slides were counter stained with hematoxylin. Infiltrating
lymphocytes as well as normal colonic crypt epithelium next
to the tumor area served as internal positive controls.
Diminished expression of hMSH2 or hMLH1 in cancer
tissues were demonstrated when there was complete absence
of detectable nuclear staining of neoplastic cells.
Sequencing analysis All 19 exons of hMLH1 gene and
all 16 exons of hMSH2 gene (including all intron-exon
borders) from proband’s genomic DNA were individually
amplified. PCR reaction was set in 25 L volume containing
100 ng template DNA, dNTPs 0.2 mmol/L, MgCl2 1.5 mmol/L,
Taq polymerase 1 U, and then denatured for 5 min at 94 ℃,
cycled (45 s at 94 ℃, 45 s at 55 ℃ and 45 s at 72 ℃) 35
times and extended for 7 min at 72 ℃. The PCR products
were purified using the QIAquick-spin PCR purification
kits (Qiagen Inc.) and then performed on an ABI 310
automated sequencer (ABS Inc.).

RESULTS
Clinicopathological characteristics
From 1999 to 2004, we investigated 16 Chinese HNPCC
families of which nine families fulfilled the Amsterdam
criteria and seven families fulfilled the Japanese criteria B.
A total of 56 patients developed malignant tumors, 50 of
whom had CRC. There were 37 male and 13 female, age
ranging from 19 to 73 years (average 45.7), 36 patients
(72%) developed CRC below 50 years, including 17 patients
(34%) under 40 years of age, four patients (8%) under
30 years of age. 40.9% and 28.7% of the colorectal cancers’
loci were located in the colon proximal to spleen flexure
and in rectum, respectively. The remaining loci were not

Luo DC et al. Features of HNPCC in China

1675

clear. Synchronous and metachronous colorectal cancer
occurred in 19 (38%) patients. We reviewed the HE of 32
cases available. From Table 1 we found 11 (34.4%) cases
of poor differentiation, eight (25%) cases of mucinous
adenocarcinoma. Fourteen extracoloni tumors of 13 patients
were found in nine Lynch syndrome II families, including
four hepatic cancers, three endometrial carcinomas, three
breast cancers, two stomach cancers, one bladder cancer,
and one neck cancer. Hepatic cancer is the most frequent
extracolonic cancer in our series, accounting for 30.7%.
Twenty-nine patients have survived for 1-28 years, 17
(58.6%) of 29 patients have survived for more than 5 years,
12 (41.4%) of 29 patients have survived for more than
10 years, 7 (24.1%) of 29 patients have survived for more
than 15 years. Twenty-one patients whose median survival
time was 5.7 years died during 1-23 years.
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Microsatellite instability
All nine tumors in the five HNPCC families showed MSI
at more than two loci (MSI-H). Four tumors showed MSI
in 5/5 loci, two tumors displayed MSI in 4/5 loci, two
tumors presented MSI in 3/5 loci, the other had MSI in
2/5 loci (Table 1, Figure 1).

3G: Sampale2/60N/ /
60
30
0
2Y: Sampale9/60K/ /
40
20
0

Expression of hMSH2 and hMLH1 protein
Lack of hMLH1 immunostaining was observed in tumors
from H2 proband. Tumors from probands of H1 and H7
were negative for hMSH2 immunostaining. Normal
expression of hMSH2 and hMLH1 protein was observed
in tumors from H5 and H6 proband (Table 1, Figure 2).

3Y: Sampale2/60N/ /

Figure 1 MSI status of H1 proband. Microsatellite analysis of H1
proband with five microsatellite markers, MSI in 5/5 loci.

Table 1 MSI status, immunostaining of nine tumors in five HNPCC kindreds
Family

Criteria

Tumor

BAT26 D2S123 BAT25 D3S346 D17S250 MSI status

Determination

hMSH2 protein

H1

AC

CRC

+

+

+

+

+

H2

AC

CRC

+

+

+

+

+

H5-1
H5-2

AC
AC

CRC
CRC

+
+

+
–

+
+

+
+

H5-3

AC

CRC

+

NR

+

H6

JC

CRC

+

+

+

H7-1
H7-2

AC
AC

CRC
CRC

+
+

+
NR

H7-3

AC

CRC

–

+

hMLH1 protein

5/5

MSI-H

Negative

5/5

MSI-H

N

Negative

+
+

5/5
4/5

MSI-H
MSI-H

N
N

N
N

NR

NR

2/2

MSI-H

N

N

–

–

3/5

MSI-H

N

N

+
+

+
+

+
+

5/5
4/4

MSI-H
MSI-H

Negative
Negative

N
N

+

–

+

3/5

MSI-H

Negative

N

N

AC: Amsterdam criteria; JC: Japanese criteria; NR: no result; MSI-H: high-level microsatellite instability; N: normal expression protein.

A

B

Figure 2 A: Immunohistochemical staining. Lack of hMSH2 protein expression in carcinoma area of H1 proband tumor section. ×400; B:
Immunohistochemical staining. Normal expression of hMLH1 protein in tumor from H5 proband. ×200.
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Germline mutation of hMSH2 and hMLH1 gene
Germline mutations were found in three of the five HNPCC
families (60%). The first pathological mutation was a
transition from C to A in exon 14 (codon 743) of hMSH2
(family H7). The second mutation was a TTC deletion in
exon 14 (codon 530) of hMLH1 (family H5). The third
mutation was a transition from G to A in intron 15-exon 15
borders of hMLH1 (family H6)(Figure 3). All the three
were definitely pathological mutations, of which the former
two had not been reported previously. All three mutations
give rise to protein truncation or protein structure alteration.
In addition, the affected sister and father of H7 proband
also carried the same mutation in exon 14 of hMSH2. Two
sons of H5 proband also suffered from colorectal cancer
at young age, both carrying the same germline mutation as
their father did.
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Figure 3 A: C-A transition (TCA-TAA) at codon 743 in exon 14 of
hMSH2 gene in H7 proband; B: TTC deletion at codon 530 in exon 14
of hMLH1 gene in H5 proband; C: G-A transition (TCGgta →TCGata)
at intron 15-exon 15 borders of hMLH1 gene in H6 proband.

DISCUSSION
HNPCC is an autosomal, dominantly inherited disease
characterized by the development of cancer at an early
age[5,24-27], predominance of proximal colonic cancer[26,28-30],
excess of multiple cancers[31-33], poorly differentiated cancer[34],
an increased risk for selected extracolonic adenocarcinomas[35]
and better prognosis[36,37].
Early age of cancer onset is one of the most striking
features about HNPCC. The average age to develop
colorectal cancer was 45 years, 20 years earlier than the
sporadic colorectal cancer. The study involving 43 HNPCC
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kindreds and 140 HNPCC patients by Bertario et al [26],
showed that the average age of onset was 49 years. Cai et al
[19]
, reported the mean age of cancer onset in 30 Chinese
HNPCC families, which was 44.1 years in 140 patients,
with 74.6% under 50 years of age and 8.5% under 30. In
the present study, the median age of onset of the first
colorectal cancer was 45.7 years, with 72% under 50 years
of age and 8% under 30. Moreover, we found that the age
of onset of the first colorectal cancer decreased generation
after generation. So to a relatively young colorectal cancer
patient, especially younger than 50 years, special attention
must be paid while inquiring about family history.
HNPCC is inclined to be located in the proximal colon.
Colon cancers are more often right-sided, constituting
47.8% of total cancer and 74.6% of colorectal cancers[5] .
A Swedish national investigation in 2001 showed that the
proportion of cancers located in the proximal colon was
51% of the total[38]. In our study, the colorectal cancer is
found proximal to the splenic flexure constituting 40.9%
of the total cancer. Because of the early age of the onset
of cancer and as most of the tumor would develop in the
proximal colon, we recommend that colonoscopy be
performed for the family members with HNPCC and
repeated annually or biannually thereafter from the age of
25. In this series, we found three colon cancers and five
adenomas by colonoscopy in the family members with
HNPCC.
HNPCC showed tendencies of multiple synchronous
and metachronous colon cancer[27,32,33]. Fitzgibbons reported
that the percentage of synchronous and metachronous
colorectal cancers were 18.1% and 24.2%, respectively. It
was higher than sporadic colon cancer, being 4.8% and
7.2%, respectively. And the difference was statistically
evident[5,27]. Cai et al, reported that 23 (19.5%) of 118 patients
presented with multiple cancers in the colorectal cancer[19].
Zhao et al, reported that 39.5% of colorectal cancer patients
developed metachronous colorectal cancer within 10 years
after their initial colorectal cancer resection. In our series,
19 of 50 (38%) patients presented with multiple cancers in
the colorectal cancer. The high incidence of multiple cancers
implies that subtotal colectomy is an appropriate
management when colon cancers are found in affected
patients. It can reduce the chance of developing synchronous
colorectal cancer and simplify the endoscopic examination[27].
But considering the effect on the quality of life after subtotal
colectomy and the psychological attack on the patients, we
usually chose segmental resection for colorectal carcinoma
and gave intensive follow-up.
Extracolonic tumors were often seen in HNPCC
kindred[27,35,39,40], such as carcinomas of endometrium, ovary,
stomach, small bowel, urologic system, hepatobiliary system,
breast, brain, larynx, pancreas and as well as leukemia,
lymphoma, soft tissue sarcoma, and cutaneous tumors.
According to the reports of Western countries, the
endometrial and stomach cancers are the first and the second
most common tumor in HNPCC, respectively[33,41,42]. In our
series, 14 extracolonic tumors of the 13 patients in the nine
Lynch syndrome II families were found, of which four
were hepatic cancers, three endometrial carcinomas, three
breast cancers, two stomach cancers, one bladder cancer,
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one neck cancer. Hepatic cancer is the most frequent
extracolonic cancer in our series, accounting for 30.7%.
Zhao et al, in China reported 34 cases of extracolonic cancer
in 16 HNPCC families. He also found that stomach cancer
was the most common extracolonic tumor in HNPCC (11
cases of stomach cancers) and endometrial cancer was less
common (seven of 34) than gastric cancer. The difference
in extracolonic tumor spectrum between China and Western
countries may lie in many aspects. The small size of Chinese
sample may be one of the reasons. Besides, life style,
ethnicity and genotype may also contribute to the observed
variation.
They were recognized by histopathological criteria in
HNPCC: (1) mucinous histotype; (2) poorly differentiated
tumors; (3) presence of peritumoral lymphocytic infiltrate,
with Crohn’s-like lymphoid reaction. Jass et al[34], reported
that there is an excess of poorly differentiated and mucinous
tumors in HNPCC. Similarly, in our series, poor
differentiation cancers and mucinous adenocarcinoma
accounted for 34.4% and 25%, respectively. But, there are
rarely mucinous histotypic presence of peritumoral
lymphocytic infiltrate, with Crohn’s-like lymphoid reaction
in our study, perhaps it was due to the small sample of our
study or the Chinese racial difference.
Patients with HNPCC have been suggested to have a
better prognosis than patients with common sporadic
colorectal cancer. Sankila et al, compared the survival rates
of 175 patients with HNPCC with those of 14000 patients
with sporadic colorectal cancer diagnosed at <65 years of
age in Finland from 1953 to 1993. They showed that the
overall five-year cumulative relative survival rate was 65%
for patients with HNPCC and 44% for patients with
sporadic colorectal cancer[36]. In our study, 21 patients whose
median survival time was 5.7 years died during 1-23 years.
Twenty-nine patients have survived for 1-28 years, 58.6%,
41.4% and 24.1% patients have survived for more than 5,
10 and 15 years, respectively. The better survival rates may
be caused by the heavy mutation burden affecting MMRdeficient tumor cells[36]. Takemoto et al[37], suggest that there
might be a possibility of ITCIL having a role for a better
prognosis after colorectal cancer surgery, which is closely
related to MSI. But there is a conflicting data existing on the
prognosis of hereditary colorectal cancer. Bertario et al [26],
found no substantial survival advantage for HNPCC patients
compared with the sporadic group, after adjustment for
age, gender, stage and tumor location.
Microsatellite has been widely considered as an ideal
genetic marker. MSI reveals loss of the function of MMR
genes. It can serve as a reliable preliminary screening strategy
of HNPCC family as several studies have shown that MSI
occurs in about 80-90% of HNPCC tumors[43-47]. In the
current study, we adopted a panel of five sensitive microsatellite
markers accepted by the International Collaborative Group
for HNPCC and the National Cancer Institute to detect
the MSI status[48]. One hundred percent (9/9) of the nine
tumors displayed high-level MSI, which showed high-level
defection of MMR function in the affected patients from
HNPCC families fulfilling Amsterdam or Japanese criteria
B. Sixty percent of the families that have affected patients
with high-level MSI were found with germline mutation of
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hMLH1 or hMSH2 gene, which showed that MSI status
and germline mutation of hMLH1 and hMSH2 gene
correlated closely with each other.
Ninety percent of HNPCC cases are associated with
the mutation of hMSH2 and hMLH1 genes[49]. Recent
studies showed that the immunostaining of proteins
produced by these two genes could serve as a convenient,
rapid and cheap approach in screening HNPCC families[50-52].
In our study, three tumors showed the lost expression of
hMSH2 protein and a germline mutation of hMSH2 gene
was identified, four tumors showed hMLH1 protein
expression and a germline mutation of hMLH1 gene was
identified. Two tumors showed that no pathological
germline mutation had been detected, but one tumor
displaying no expression of hMSH2 protein, one tumor
showed the lost expression of hMLH1 protein. In general,
immunohistochemical alteration of hMSH2 and hMLH1
proteins and germline mutation of hMLH1 and hMSH2
gene correlated closely with each other. IHC is also very
useful in screening HNPCC families.
Direct gene sequencing remains the most reliable method
for HNPCC diagnosis. Till now about 400 different
predisposing mutations have been reported, mainly affecting
the MMR genes hMLH1 (about half), hMSH2 (about 40%)
and MSH6 (about 10%)[49] . There appeared no hot spot
mutations among those found in these mutations. The three
mutations (one in hMSH2 and two in hMLH1) found in
five collective families are all pathological mutations. The
rate of mutation is 60% (3/5). The first pathological
mutation in H7 proband was a transition from C to A in
exon 14 (codon 743) of hMSH2. The second mutation in
H5 proband was a TTC deletion in exon 14 (codon 530)
of hMLH1. The third mutation in H6 proband was a
transition from G to A in intron 15-exon 15 borders of
hMLH1. The former two pathological mutations had not
been reported before (http://archive.uwcm.ac.uk/uwcm/
mg/hgmd0.html). All three mutations gave rise to protein
truncation or protein structure alteration. The mutations
existed also in genomic DNA from other affected family
members. For example, the affected sister of H5 proband
also carried the same mutation in exon 14 of hMSH2. Two
sons of H7 proband also suffered from colorectal cancer
at the age of 37 and 38, both carrying the same germline
mutation as their proband did, the other son was not found
to have any tumor till the age of 43 and also his daughter
till the age of 46, both the same germline mutation had not
been identified. All new mutations appearing in our study
demonstrates the wide spectrum of the mutation responsible
for HNPCC. MMR gene mutation analysis will give both
HNPCC proband and his family members better management
and surveillance, and it will also support genetic counseling
as well as gene therapy in the future. For the proband
himself, it is helpful for us to conduct positive and effective
therapy to reduce the occurrence of possible metachronous
multiple colorectal cancer. To the mutation carriers in a
family who have not yet suffered from colorectal cancer,
close follow-up and early diagnosis are more likely to be
performed. To the non-mutation carriers, we should free
them from unnecessary psychological and economical
burden[50]. But the mutation may be different in a variety
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of races and geographical regions. Mutations of hMSH2
and hMLH1 accounted for 25-86% of the total cases[40,53,54].
A deeper study of germline mutation remains a heavy
assignment for us.
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Abstract
AIM: To investigate the long-term role of a 3-d rabeprazolebased triple therapy in patients with Helicobacter pylori
(H pylori)-infected active peptic ulcers.
METHODS: We prospectively studied 115 consecutive
patients with H pylori-infected active peptic ulcers. H pylori
infection was confirmed if any two of H pylori DNA,
histology, and rapid urease test were positive. Patients
were assigned to either an open-labeled 3-d course of oral
amoxicillin 1 000 mg b.i.d., clarithromycin 500 mg b.i.d.,
and rabeprazole 20 mg b.i.d., or 7-d course of oral
amoxicillin 1 000 mg b.i.d., clarithromycin 500 mg b.i.d.,
and rabeprazole 20 mg b.i.d. Subsequently, all patients
received oral rabeprazole 20 mg once daily until the
8th wk. Three months after therapy, all patients were
followed-up endoscopically for the peptic ulcer, H pylori
DNA, histology, and rapid urease test. One year after
therapy, H pylori infection was tested using the 13C-urea
breath test.
RESULTS: The ulcer healing rates 3 mo after therapy
were 81.0% vs 75.4% for the 3-d and 7-d groups
[intention-to-treat (ITT) analysis, P = 0.47] respectively,
and 90.4% vs 89.6% for the 3-d and 7-d groups [perprotocol (PP) analysis, P = 0.89] respectively. The eradication
rates 3 mo after therapy were 75.9% vs 73.7% for the 3-d
and 7-d groups (ITT, P = 0.79) respectively, and 84.6%
vs 87.5% for the 3-d and 7-d groups (PP, P = 0.68)
respectively. One year after therapy, seventy-five patients
returned to receive the 13 C-urea breath test, and the
eradication rates were 78.4% vs 81.6% in 3-d and 7-d
groups (PP, P = 0.73) respectively.
CONCLUSION: Our study showed the eradication rates

against H pylori infection 3 and 12 mo after triple therapy
were not different between the 3-d and 7-d rabeprazolebased groups. Therefore, the 3-d rabeprazole-based triple
therapy may be an alternative treatment for peptic ulcers
with H pylori infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori), a gram-negative spiral organism,
was isolated from the mucosal biopsies of patients with
chronic active gastritis by Marshall and Warren in 1983[1].
H pylori infection plays an important role in the pathogenesis
of peptic ulcer disease, type B gastritis, gastric carcinoma,
gastroesophageal reflux disease and lymphoma of mucosaassociated lymphoid tissue[2-6].
At present, the eradication of H pylori infection is
considered to be a cost-effective method in the treatment
of peptic ulcer disease [7,8]. Furthermore, in a recent
randomized controlled trial, Wong et al [9] found that in H
pylori carriers without precancerous lesions, eradication of
H pylori significantly decreased the development of gastric
cancer in a high-risk region of China. One-week proton pump
inhibitor (PPI)-based triple therapy has been widely accepted
as the standard treatment for H pylori eradication[10-12]. The
H pylori eradication rate is higher than 90.0% with the
combination of two antimicrobials and a PPI.
There has been recent studies in the eradication of
H pylori infection[13,14] using short-term (<7-d duration) PPIbased therapy. This is because if a short-term eradication
regimen is proven to be effective, it would provide advantages
in cost-saving and better patient compliance. Rabeprazole
is a newly developed PPI with potent and rapid acidsuppression[15] . It has been demonstrated in one study to
have a higher eradication rate than omeprazole[16]. The longterm role of a 3-d rabeprazole-based triple therapy against
H pylori infection is not known at present. We, therefore,
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conducted a randomized, prospective study in patients with
active peptic ulcer disease and H pylori infection to compare
the efficacy and one-year eradication rates between 3-d and
7-d rabeprazole-based triple therapy.

MATERIALS AND METHODS
Selection of patients
From February 2002 to February 2003, we prospectively
studied 115 consecutive outpatients (73 male and 42 female,
Table 1) documented with H pylori infection as well as active
gastric ulcers or duodenal ulcers or both at the China Medical
University Hospital. All peptic ulcers were confirmed by
the first upper gastrointestinal endoscopy.
Table 1 Demographic data of patients who underwent triple therapy
3-d group

7-d group

36/22

37/201

48.3 ±12.4

48.7±15.42

Gastric ulcers

9

12

Duodenal ulcers

40

38

Both

9

7

Patients (M/F)
Age (yr)
Peptic ulcers

1

3

P = 0.75 ( 2 test); 2P = 0.99 (two-sample t-test); 3P = 0.70 ( 2 test).

Patients were not allowed to receive aspirin, H2-receptor
blockers, antibiotics or any non-steroidal anti-inflammatory
drugs (NSAIDs) in the 4 wk prior to the study. All females
with active gastrointestinal bleeding, pregnancy, lactation,
delayed last menstrual period or previous curative
therapy for H pylori infection were excluded. Patients with
a history of hypersensitivity to PPIs, penicillin groups,
amoxicillin, or clarithromycin, concurrent serious systemic
disease including malignancy, renal, hepatic or cardiac
insufficiency, or previous esophageal or gastric surgery
were also excluded.
The present study was approved by the Ethics and
Science Committee of the hospital. Written informed
consent was obtained from all patients before the study.
Diagnosis of H pylori infection
During the first endoscopic examination, two biopsy
specimens were obtained from the gastric antrum within
2 cm proximal to the pyloric ring. One antral biopsy specimen
was assessed for H pylori DNA. The H pylori DNA was
detected using PCR. Another antral biopsy specimen was
sent for rapid urease test (RUT) (CLO test, Ballard Medical
Products, Draper, UT, USA). In addition, one biopsy
specimen was taken from the gastric corpus and sent for
histological examination for H pylori using hematoxylin-eosin
staining or Giemsa staining if necessary. For those patients
with gastric ulcers, additional biopsies were made from
four sites of the margin of gastric ulcers to rule out possible
malignancy. Patients were considered to have H pylori
infection if they were positive for any two of the three
tests.
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Clinical treatment
All patients were randomly assigned into two groups. Group
I patients received a 3-d course of oral amoxicillin 1 000 mg
b.i.d., clarithromycin 500 mg b.i.d., and 7-d course of oral
rabeprazole 20 mg b.i.d., Group II patients received a 7-d
course of oral amoxicillin 1 000 mg b.i.d., clarithromycin
500 mg b.i.d., and rabeprazole 20 mg b.i.d. All patients further
received oral rabeprazole 20 mg once daily until the end of
the 8th wk. All the medications were open-labeled. Both groups
of the patients were questioned about the occurrence and
intensity of adverse effects one week later after triple therapy.
Three months follow-up
Three months after the completion of triple therapy, a repeat
endoscopy was performed for examination of the peptic ulcers,
H pylori DNA, RUT, and histology. H pylori infection was
considered to be eradicated if all the three tests were negative.
Long-term follow-up
One year after the completion of triple therapy, H pylori
infection was diagnosed using the 13C-urea breath test (13CUBT) (Pei Li Pharmaceutical Industrial Ltd, Taichung,
Taiwan).Patients were not permitted to receive antacids
within 4 wk prior to the 13 C-UBT. A negative 13 C-UBT
indicated no H pylori infection.
Statistical analysis
The eradication and healing rates of ulcers were evaluated
by intention-to-treat (ITT) analysis and per protocol (PP)
analysis. The ITT analysis included all enrolled patients
including those cases dropped from the study. The PP
analysis included all patients who took at least 80.0% of
each study medication and returned for assessment of
eradication of H pylori infection after three months and
one year. Two-sample test or 2 test was used to assess
significant differences between values in various groups of
patients. The eradication rate and ulcer healing rate were
calculated for 95.0% confidence intervals. A P-value of
less than 0.05 was regarded as statistically significant.
Statistical analysis was performed using commercial software
(SAS v.8.0, SAS Institute Inc., Cary, NC, USA).
Results were expressed in the form of mean±SD.

RESULTS
Of the 115 patients, 21 patients had gastric ulcers, 78 had
duodenal ulcers and 16 had both ulcers. Fifty-eight patients
received the 3-d course and 57 received the 7-d course of
triple therapy. Fifteen patients, who did not complete the
3-mo follow-up after treatment, were dropped from the
study; six of the dropped patients were from the 3-d group
and nine patients from the 7-d group.
The ulcer healing rate 3 mo after triple therapy showed
no difference with 81.0% in 3-d group and 75.4% in 7-d
group (ITT, P = 0.47), and 90.4% in 3-d group and 89.6%
in 7-d group (PP, P = 0.89, Table 2).
The eradication rate of H pylori infection three months
after triple therapy showed no difference with 75.9% in
3-d group and 73.7% in 7-d group (ITT, P = 0.79), and 84.6%
in 3-d group and 87.5% in 7-d group (PP, P = 0.68).

1682

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Table 2 Eradication rate of patients who underwent triple therapy
3-d group

7-d group

P

OR (interval)

Ulcer healing rate
Patients number

58

57

ITT

47 (81.0%)

43 (75.4%)

0.47

0.72 (0.30-1.75)

PP

47 (90.4%)

43 (89.6%)

0.89

0.92 (0.25-3.38)

Eradication rate
3 mo after therapy
Patients number

58

57

ITT

44 (75.9%)

42 (73.7%)

0.79

0.89 (0.3-2.07)

PP

44 (84.6%)

42 (87.5%)

0.68

1.27 (0.41-3.98)

One year after therapy
Patients (M/F)

37 (23/14)

38 (24/14)

0.931

1.22 (0.39-3.80)

PP

29 (78.4%)

31 (81.6%)

0.73

0.82 (0.26-2.54)

ITT, Intention-to-treat analysis; PP, Per-protocol analysis, 1P = 0.93 ( 2 test).

One year after triple therapy, seventy-five patients had
C-UBT for the assessment of H pylori infection; the
eradication rate showed no difference between 3-d and 7-d
groups (78.4% vs 81.6%; P = 0.73, PP). Eight patients in
the 3-d group were positive for 13 C-UBT. There were 4
cases with treatment failure at 3 mo after treatment, including
1 case of gastric ulcer and 3 cases of duodenal ulcer. Seven
patients in the 7-d group were positive for 13C-UBT. There
were 4 cases with treatment failure at 3 mo after treatment,
including 2 cases of gastric ulcer and 2 cases of duodenal
ulcer.
The eradication rate (PP) decreased from 84.6% to
78.4% in the 3-d group and from 87.5% to 81.6% in the 7-d
group from 3 mo to 12 mo after rabeprazole-based triple
therapy.
During the period of therapy, severity of symptoms
such as epigastric pain, acid regurgitation, anorexia, nausea,
vomiting, belching and flatulence showed rapid decline on
the first 2 d after triple therapy in both groups. Drug
compliance during this study was excellent - 100% in the
3-d RAC group and 99.4% in the 7-d RAC group. Both
regimens were well tolerated. Adverse events in both groups
were mild, which included taste disturbance, diarrhea, oral
discomfort and chill sensation. Taste disturbance (bitter taste)
was the most common event, comprising about 50% of
cases in 3-d and 7-d triple therapies groups. The adverse
events were mild and self-limiting and disappeared after
one week.
13

DISCUSSION
Even though many different therapeutic regimens studied
for H pylori eradication in acid-related disorders[7,8], 1-wk PPIbased triple therapy has been widely accepted for the standard
treatment of peptic ulcer with H pylori infection[10-12,17] .
However, the optimal duration of triple therapy remains to
be established. More recently, many newer PPIs have been
developed, and they possess potent and rapid inhibition of
gastric acid secretion[18,19]. Therefore, short-term regimens
(<7-d) have been suggested for the eradication of H pylori
infection[13,14]. Lara et al [20] performed a randomized and
prospective study for the eradication of H pylori infection
in patients with dyspepsia. They found 1-d quadruple
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therapy (bismuth, metronidazole, amoxicillin and lansoprazole)
was statistically similar to 7-d triple therapy (clarithromycin,
amoxicillin and lansoprazole) (95% vs 90%, ITT). However,
Wermeille et al[21] reported that the eradication rate of 1-d
high-dose quadruple therapy (lansoprazole 30 mg t.d.s.,
amoxicillin 2 000 mg q.d.s., clarithromycin 500 mg q.d.s.,
and bismuth 240 mg q.d.s.) was significantly less (20% vs
80%) than 7-d triple therapy (lansoprazole 30 mg b.d.,
amoxicillin 1 000 mg b.d., and clarithromycin 500 mg b.d.).
More recently, a new PPI, rabeprazole, has been
demonstrated to be effective in the treatment of acid-related
disorders including peptic ulcer disease[22-24]. Rabeprazole
has rapid and potent inhibition of gastric acid secretion[18].
In addition, this PPI can induce earlier stabilization of
antibiotics and has higher eradication rate compared to other
PPIs[16,22,25].
Several studies have compared the eradication rate of
short-term course with standard course rabeprazole-based
triple therapy for H pylori infection. In a study by Gambaro
et al [26], non-ulcer dyspepsia patients were randomized to
receive rabeprazole, clarithromycin and metronidazole for
4 or 7 d, and similar H pylori eradication rates were achieved
with both regimens (81% vs 78%, ITT; 88% vs 85%, PP).
Yang et al [27] compared the efficacy of a 4 and a 7-d
rabeprazole-based regimen (rabeprazole, clarithromycin
and amoxicillin) with a 7-d omeprazole-based regimen
(omeprazole, clarithromycin and amoxicillin) in the
eradication of H pylori in peptic ulcer patients. This study
showed equal efficacy among the three groups (87% vs 83%
vs 88%, ITT; 91% vs 95% vs 100%, PP). Isomoto et al [28]
randomly compared a rabeprazole-clarithromycin-amoxicillin
regimen for 5 and 7 d in H pylori-infected patients. Their
results showed 5-d regimen had lower eradication rate
than the 7-d regimen (66% vs 84%, ITT; 70% vs 91%, PP
[P<0.05]). Recently, a multicenter, double blind, randomized,
parallel-group clinical study was performed by Vakil et al[17], in
the USA. The trial results showed that 7-d therapy with
rabeprazole-clarithromycin-amoxicillin is similar in efficacy
to 10-d therapies and had similar efficacy in patients with
and without ulcer disease. Wong et al [29] performed a
randomized study to compare rabeprazole-amoxicillinclarithromycin administration for 3 and 7 d. They found
3-d regimen had a lower H pylori eradication rate than 7-d
regimen (72% vs 88%, ITT; 72% vs 91%, PP). Hence, they
concluded 7-d rabeprazole-based triple therapy is superior
to 3-d regimen (P = 0.04).
Interestingly, our study showed that a 3-d rabeprazolebased triple therapy regimen had similar eradication rates
(84.6% vs 87.5%, PP, P = 0.68) against H pylori infection and
similar ulcer healing rates (90.4% vs 89.6%, PP, P = 0.89)
compared to a 7-d rabeprazole-based triple therapy regimen
in 3 mo follow-up. The major differences between our study
and Wong’s previous study were the following. First, we
gave the drugs of amoxicillin 1 000 mg, clarithromycin
500 mg twice daily for 3 d and rabeprazole 20 mg twice
daily for 7-d, then tapered to once daily for 7 wk. In Wong
et al’s study, however, they only gave additional 4-wk course
of famotidine 20 mg b.i.d., for all gastric ulcer patients
after H pylori eradication. Second, all the patients in our
study suffered from active peptic ulcer with H pylori infection,
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but not all the patients were with peptic ulcer disease in
Wong et al’s study. Actually, we considered that the large
dose of PPI combined with antibiotics in the first week
of treatment may be an important factor for H pylori
eradication.
There is no doubt that an ideal H pylori treatment must
be safe, cheap, easy and tolerable with more than 80%
eradication rate and must have a low rate of antibiotic
resistance[30,31] . Although treatment failures of H pylori
eradication are influenced by several factors[32,33], many of
the currently used H pylori eradication regimens fail to cure
the infection due to either antimicrobial resistance or poor
patient compliance [34-36]. In the past, there have been
concerns about antimicrobial resistance of H pylori eradication
in many studies[37,38]. A high prevalence of metronidazole
resistance has been reported in different regions in Asia[39].
However, clarithromycin resistance is still low in the United
States and most communities[40,41]. In standard 1-wk PPIbased triple therapy, the large number of pills needed to be
taken daily, the duration of the therapy and the presence
of adverse events can limit patient compliance. A recent
article has concluded that patient noncompliance is a major
cause of failure of H pylori eradication therapy[36]. A shortterm PPI-based triple regimen will have a smaller overall
amount of pills and possibly fewer adverse effects, and
thereby improve patient compliance compared with standard
7-d regimens. In addition, there will be health economic
and cost saving advantages for patients.
Our study also showed drug compliance in the 3-d
regimen was also excellent compared to the 7-d regimen
(100% vs 99.4%). Adverse events were mild, few and selflimiting in both study groups. Taste disturbance (oral bitter
taste) was the most common adverse event in both groups,
but this disappeared a few d later.
To our knowledge, however, the long-term follow-up
results of H pylori eradication after short-term triple therapy
have not been reported in published scientific English
literature until now. The 13C-UBT is a simple, noninvasive
and rapid method for the initial diagnosis of H pylori infection
and for confirmation of H pylori eradication after treatment.
Its sensitivity and specificity rates are more than 90%[42,43].
We therefore performed the 13 C-UBT to detect H pylori
infection one year after triple therapy in our study. The
eradication rates of H pylori infection were similar (74.8%
vs 81.6%, PP [P = NS]) in the 3-d and 7-d rabeprazolebased triple therapy regimens after 1-year follow-up.
The study demonstrates that 3-d rabeprazole-based
triple therapy has the similar efficacy and safety as standard
7-d triple therapy in H pylori eradication and long-term
follow-up. Hence, 3-d rabeprazole-based triple therapy
may be an alternative treatment for peptic ulcer disease
with H pylori infection.
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correlated closely with the amount of CCK-R (r = 0.9683,
P<0.01), and the concentration of CCK-30 correlated
negatively with the amount of CCK-R closely (r = -0.9627,
P<0.01).

Abstract

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

AIM: To study the interactive relationship of gallbladder
motor function, plasma cholecystokinin (CCK) and
cholecystokinin A receptor (CCK-R) of gallbladder in
patients with cholesterol stone disease.

Key words: Cholesterol stone disease; Gallbladder motility;
Cholecystokinin; Cholecystokinin receptor

METHODS: Gallbladder motility was studied by
ultrasonography in 33 patients with gallbladder stone and
10 health subjects as controls. Plasma CCK concentration
was measured by radioimmunoassay in fasting status
(CCK-f) and in 30 min after lipid test meal (CCK-30).
Radioligand method was employed to analyze the amount
and activity of CCK-R from 33 gallstone patients having
cholecystectomy and 8 persons without gallstone died of
severe trauma as controls.
RESULTS: The percentage of cholesterol in the gallstone
composition was more than 70%. The cholesterol stone
type was indicated for the patients with gallbladder stone
in this study. Based on the criterion of gallbladder residual
fraction of the control group, 33 gallstone patients were
divided into two subgroups, contractor group (14 cases)
and non-contractor group (19 cases). The concentration
of CCK-30 was significantly higher in non-contractor
group than that in both contractor group and control
group (55.86±3.86 pmol/L vs 37.85±0.88 pmol/L and
37.95±0.74 pmol/L, P<0.01), but there was no difference
between contractor group and control group. Meanwhile
no significant difference of the concentration of CCK-f could
be observed among three groups. The amount of CCK-R
was lower in non-contractor group than those in both
control group and contractor group (10.27±0.94 fmol/mg
vs 24.59±2.39 fmol/mg and 22.66±0.55 fmol/mg, P<0.01).
The activity of CCK-R shown as KD in non-contractor group
decreased compared to that in control group and contractor
group. Only was the activity of CCK-R lower in contractor
group than that in control group. The ejection fraction

CONCLUSION: The distinctive interactive relationship of
gallbladder emptying, plasma CCK and CCK-R in gallbladder
from this study suggested that the defect of CCK-R may be
a key point leading to the impairment of gallbladder motor
function and the pathogenesis of cholesterol gallstone
formation may differ in two subgroups of gallstone patient,
gallbladder non-contractor group or contractor group.

Zhu J, Han TQ, Chen S, Jiang Y, Zhang SD. Gallbladder
motor function, plasma cholecystokinin and cholecystokinin
receptor of gallbladder in cholesterol stone patients. World
J Gastroenterol 2005; 11(11): 1685-1689

http://www.wjgnet.com/1007-9327/11/1685.asp

INTRODUCTION
Gallbladder motility is regulated by cholinergic system and
gastrointestinal hormone [1,2]. Postprandial gallbladder
emptying is triggered mainly by plasma cholecystokinin
(CCK) from small intestine. CCK interacts with CCK
receptor-A (CCK-R) in gallbladder, which in turn elicits
the contraction of gallbladder by the activation of postmembrane signaling passage in smooth muscle[3].
Abnormal gallbladder emptying may play an important
role in cholesterol gallstone formation[2,4]. Recent studies
have revealed that patients having gallbladder stone can be
divided into two subgroups with regard to gallbladder
emptying: normal contractor and pathological contractor.
The two subgroups may differ in the pathogenesis of
cholesterol stone formation[5,6]. The purpose of this study
was to examine if there is a difference in gallbladder motor
function, plasma CCK concentration, the amount and
activity of CCK-R in the two subgroups, and to identify the
role in pathogenesis of cholesterol gallstone formation.
MATERIALS AND METHODS
Subjects
Thirty-three patients with gallbladder stone (16 male and
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17 female, median age 48.3±10.8 years) and 10 controls
(4 male and 6 female, age 38.7±9.0 years) were enrolled
into this study. Thirteen of gallstone patients suffered from
episodes of biliary colic one month ago, and the others had
vague right upper quadrant pain. Gallstone volume was no
more than one-third of gallbladder volume as assessed by
ultrasonography. None of subjects had diabetes mellitus,
history of diseases or operations to affect gallbladder
motility. None received any medication such as cholic acid
and somatostatin to influence gallbladder motor function
in recent times. All of subjects had normal gallbladder
wall (no more than 2 mm), common bile duct by ultrasound
study, and normal liver function by blood biochemistry
test. With the analysis of gallstone composition, more than
70% cholesterol was shown in the gallstones from
cholecystectomy in 33 patients. Control group for CCK-R
measurement was composed of 8 persons (7 males and
1 female) without gallstone died of severe trauma. All
samples were maintained in a highly controlled manner,
insuring patient confidentiality.
Methods
Gallbladder motor function Gallbladder volumes were
measured sonographically by Aloka 650 B-type ultrasonograph
equipped with a transducer 3.5 mHz. The calculation was
performed according to the sum of cylinders method[7,8].
The subjects in two groups were studied after an overnight
fast. Fast volume (FV) was measured before the liquid test
meal (500 mL, fat 25 g, protein 40 g and carbohydrates 65 g).
The postprandial gallbladder volume was recorded 30, 60
and 90 min after the liquid test meal. Residual volume
(RV) was defined as the smallest postprandial volume.
Residual fraction (RF) was calculated with the formula
(RV/FV×100%) and ejection fraction (EF) with the formula
((FV-RV)/FV×100%)[9].
Plasma CCK concentration measurements Venous
blood samples were collected in iced tubes containing heparin
for plasma CCK determination before the test meal and
30 min afterwards. Aprotinin (Sigma, Co.) was added
immediately. After centrifugation (3 000 r/min, 15 min), plasma
was frozen at -20 ℃ until a specific radioimmunoassay
for plasma CCK [10]. We measured postprandial CCK
concentration at 30 min after test meal in view of the fact
that plasma CCK concentration reaches peak and keeps
constant for a short period of time[10]. Both fasting plasma
CCK concentration (CCK-f) and CCK concentration at
30 min after test meal (CCK-30) were taken into account
in the study.
CCK-R concentration measurements Gallbladder samples
were collected from the 33 gallbladder stone patients having
cholecystectomy and 8 control subjects without gallstone.
Tissue samples were snap-frozen in liquid nitrogen
immediately. CCK-R was determined by radioligand blinding
assay as described previously[11,12]. 125I-BH-CCK8 (Amersham,
Co., radioactivity 2 000 Ci/moL) was used as the specific
radioligand and CCK8 (Sigma, Co.) as the non-radioactive
ligand for competition. The activity of CCK-R was defined
as KD (Equilibrium Association Constant), which meant
the affinity between CCK and CCK-R. The lower KD of
CCK-R suggested the higher activity[12,13].
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Statistical analysis
Results were expressed as the mean±SE. The mean and
slope of regression were evaluated by the Student’s t-test.
The relationship between two groups of variants was
examined by linear regression analysis (Pearson’s correlation
coefficient), and a P value less than 0.05 was considered
statistically significant.

RESULTS
According to Pomeranz and Shaffer, pathological contractor
patients (non-contractor) were defined by a RF exceeding
the mean of controls added 2 SD[5]. In this study, patients
having gallbladder stone were divided into two subgroups:
gallbladder contractor (14 subjects) and non-contractor (19
subjects).
Gallbladder emptying
Not only the patients in non-contractor group but also those
in contractor group exhibited a significantly enlarged RV
than in control group and the patients in non-contractor
group had a markedly enlarged RV than in contractor group
(P<0.01). FV in patients of contractor group was distinctly
large than that in control (P<0.05); however, it did not show
any significant difference between contractor group and
non-contractor group, as well as between control group and
non-contractor group (Table 1).

Table 1 Gallbladder volume and contraction in gallbladder stone
patients and controls (mean±SE)
Gallbladder stone patient
Normal control
Contractor

Non-contractor

Number

10

FV (mL)
RV (mL)

21.15±1.67
5.27±0.48

32.03±3.01a
7.19±0.60a

27.01±2.16
17.43±2.30b,d

RF (%)

24.87±1.22

24.60±1.13

61.32±4.16b,d

EF (%)

75.13±1.22

75.40±1.13

38.68±4.16b,d

a

14

19

P<0.05 vs control; bP<0.01 vs control; dP<0.01 vs contractor.

Plasma CCK concentrations
There was no difference of CCK-f in plasma among three
groups. Plasma CCK-30 of patients in non-contractor group
was much higher than in contractor group and control group
(P<0.01). But no difference could be identified in CCK-30
between contractor group and control group (Table 2).

Table 2 CCK and CCK-R in gallbladder stone patients and controls
(mean±SE)
Gallstone patient
Control
Contractor
Number
CCK-f (pmol/L)
CCK-30 (pmol/L)
Number
CCK-R (fmol/mg )
KD (nmol/L)
b

10
2.62±0.25
37.95±0.74
8
24.59±2.39
0.022 (0.003)

P<0.01 vs control; dP<0.01 vs contractor.

14
2.99±0.30
37.85±0.88
14
22.66±0.55
0.036 (0.001) b

Non-contractor
19
2.79±0.29
55.86±3.86 b,d
19
10.27±0.94 b,d
0.051 (0.002 ) b,d

Zhu J et al. Gallbladder motility, CCK and its receptor in gallstone patients

CCK-R measurements
The amount and activity of gallbladder CCK-R from three
groups was summarized in Table 2. The amount of CCK-R
in non-contractor group was significantly lower than that in
contractor group and control group (P<0.01). The amount
of CCK-R in contractor group tended to decrease slightly
compared to that in control group despite of no significant
difference. The activity of CCK-R (shown as KD of CCK-R)
in gallstone patients of two groups was much lower than
that in control group (P<0.01). In addition, the activity of
CCK-R in non-contractor group decreased markedly than
that in contractor group (P<0.01).
Correlation analysis
The relationship between amount of CCK-R of gallbladder
and EF of gallbladder in gallstone patients was shown in
Figure 1. Figure 2 showed the amount of CCK-R of
gallbladder and CCK-30 concentration. EF of gallbladder
correlated with the amount of CCK-R of gallbladder closely
in 33 gallstone patients with positive coefficient of correlation
of 0.9683, P<0.01. The concentration of CCK-30 in plasma
also showed a close correlation with the amount of CCK-R
of gallbladder in gallstone patients but with negative
coefficient of correlation of -0.9627, P<0.01. We did not
include 8 control subjects in the correlation analysis for
CCK-R measurements because we could not measure their
gallbladder motor function and CCK concentrations in
plasma.

30

CCK-R

(fmol/mg)

25
20
15
Y = 0.2968X-0.8729

10

r = 0.9683 P<0.001

5
0

0

20

40

60

80

100

Gallbaladder empty rate
Figure 1 Correlation between EF and amount of CCK-R in gallbladder stone patients.

30
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(fmol/mg)

25
20
15
Y = -0.4793X+39.59

10

r = -0.9627 P<0.001

5
0
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20

40

60

80

CCK-30 concentration (pmol/L)

Figure 2 Relationship between CCK-30 concentration and the
amount of CCK-R in gallstone patients.
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DISCUSSION
The purpose of this study was to explore the possible role
of gallbladder in cholesterol stone formation. The analyses
of gallstone composition confirmed the patients in this study
suffering from the cholesterol gallstone disease. Impaired
gallbladder motility might be one of the key determinants
of cholesterol stone formation[2,4]. It has been reported that
the process of plasma CCK binding its receptor in gallbladder
plays an important role in the regulation of gallbladder
emptying, but the results from recent studies were still
controversial[14]. The reason may result from the evidence
that two modes of gallbladder motility exist in gallstone
patients, and the change in CCK and CCK-R may differ
from each other. Our study confirmed that there were two
groups of cholesterol gallstone patients, gallbladder
contractor group and non-contractor group. Gallbladder
motor function of the patients in the two groups will be
analyzed. The association of gallbladder motility with CCK
in plasma and CCK-R of gallbladder will be focused as
following.
Gallbladder motor function
Patients in both contractor group and non-contractor group
had an enlarged RV than control subjects. The enlarged RV
induces the retention of bile in gallbladder, which may
facilitate the nucleation of cholesterol crystals and stone
growth in gallbladder. The enlarged RV might be the final
consequence of gallbladder motility[6,9]. The mechanism of
the enlarged RV may be different in two gallstone subgroups.
A markedly increased FV was found in patients of contractor
group compared to that in control group. There was an
increased RV in patients of contractor group as a result of
EF unchanged. A lower EF in patients of non-contractor
group would result in RV increased, which induced bile stasis
in spite of FV of gallbladder similar to that in control. So
the reason of enlarged RV was an increased FV for the
patients of contractor group and a lower EF for the patients
of non-contractor group. It can be speculated from this
study that the difference in gallbladder motility between
two gallstone subgroups might result from the alteration of
plasma CCK and CCK-R of gallbladder.
Plasma CCK concentration and CCK-R
As shown in Table 2, the activity of gallbladder CCK-R in
patients of contractor group decreased with stable amount
of CCK-R and the postprandial concentration of CCK-30.
It was inferred that the postprandial EF would enhance to
compensate for increment in FV following the increase of
the CCK-R activity. The RV of gallbladder in patients of
contractor group would be close to the RV of control group,
which leads to excreting the surplus of bile. Meanwhile, the
decreased activity of CCK-R could be responsible for an
abnormally increased FV in patients of contractor group.
Gallbladder tension at rest controls the FV of gallbladder
and FV may increase abnormally based on the gallbladder
hypotonus. The gallbladder tension is maintained by
myogenic tonus depending on some humoral and neural
transmitters such as CCK and acetylcholine[1,4]. The decrease
of CCK-R activity of gallbladder may induce its low affinity to
plasma CCK, which contributes to gallbladder hypotonus[9,13].
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Abnormally increased FV could be a risk factor of gallstone
formation and an early indicator of prognosis of gallstone
disease[9,15,16].
Not only the activity but also the amount of CCK-R
decreased to a great extent in patients of non-contractor
subgroup (Table 2). It was evident that gallbladder hypomotility
in non-contractor group results from the defect of CCK-R
of gallbladder[11,17,18]. On the contrary, postprandial CCK
concentration (shown as CCK-30 in Table 2) of noncontractor group increased significantly compared to that
in contractor group and control group, which is considered
to be receptor resistance. This phenomenon could be also
related with the defect of CCK-R of gallbladder[1,6]. Plasma
CCK concentration may reach the peak at a specific
postprandial time and keep constant for a period of time,
which is important in the maintenance of continuous
gallbladder contraction[10]. We speculated that there may be
a dynamic equilibrium between the measurable plasma CCK
and the CCK combined with CCK-R of gallbladder at the
specific postprandial time and they would transform each
other. A decreased amount of CCK-R in gallbladder led to
the decreased combination of CCK, which could contribute
to the measurable plasma CCK increasing. Therefore, a
decreased amount of CCK-R of gallbladder should be
responsible for an abnormally increased concentration of
postprandial plasma CCK in patients of non-contractor
group. This result was similar to that in a recent research,
which showed postprandial plasma CCK concentration
increased significantly in patients with cholecystectomy[19].
Analysis of correlation between CCK-R and gallbladder motor
function along with CCK-30
Our result confirmed that the EF of postprandial gallbladder
correlated closely with the amount of CCK-R in gallbladder.
The result was similar to that in recent studies[11,13,17], which
also showed that the impaired gallbladder motility could result
from the defect of CCK-R of gallbladder. The cytobiological
studies on gallbladder smooth muscle cells also supported
the fact that gallbladder hypomotility results from the decreased
amount and activity of CCK-R in gallbladder. The conclusion
may be traced back to the post-membrane message passage,
which induces the contraction of gallbladder smooth muscle
cells, since the intact number and function of the second
messages (inositol trisphosphate and diacylglycerol), Ca++
associated proteins and G proteins[20-22].
A negative linear correlation between postprandial
plasma CCK (CCK-30) and CCK-R of gallbladder was found
and shown in Figure 2. This result could be due to the
mechanism of receptor resistance[1,6]. The other possible
reasons of negative correlation between CCK-30 and CCKR might include the physiologic or physiochemical property
of postprandial CCK concentration in plasma and the
combination of CCK with CCK-R, such as saturability,
reversibility and specificity [1,4]. Based on the negative
correlation between CCK-30 and CCK-R it may be feasible
to estimate the amount of CCK-R in gallbladder by
measuring postprandial CCK concentration in plasma, which
would be helpful to evaluate gallbladder motor function.
In conclusion, the impaired gallbladder emptying was
identified in patients having cholesterol stone, which might

March 21, 2005

Volume 11

Number 11

result from the defect of CCK-R of gallbladder. The
different mode of gallbladder emptying in cholesterol stone
patients was associated with the alterations of CCK-R of
gallbladder. In patients of contractor group, the activity of
CCK-R decreased predominantly accompanied by an
abnormally increased FV. As to the patients of noncontractor group, the activity and amount of CCK-R
decreased simultaneously, with higher postprandial plasma
CCK concentration. The results of our study demonstrated
that the pathogenesis of gallstone formation could be quite
different in the two subgroups of cholesterol stone patients.
As to the clinical treatment for these two different groups
of patients without symptoms, conservative therapy is
suitable only for patients of contractor group. If gallstone
patients with gallbladder non-contractor have conservative
therapies, they are prone to have gallstone recurrence.
Symptomatic patients of gallstones need cholecystectomy,
whether their gallbladders are contractive or non-contractive.
Our study confirmed that there were two groups of
cholesterol gallstone patients, gallbladder contractor group
and non-contractor group. Gallbladder motor function of
the patients in two groups will be analyzed. The association
of gallbladder motility with CCK in plasma and CCK-R of
gallbladder will be focused as following.
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Abstract
AIM: To describe molecules or genes interaction between
hepatitis B viruses (HBV) and host, for understanding how
virus’ and host’s genes and molecules are networked to
form a biological system and for perceiving mechanism
of HBV infection.
METHODS: The knowledge of HBV infection-related
reactions was organized into various kinds of pathways
with carefully drawn graphs in HBVPathDB. Pathway
inf o rmatio n is sto red with rela tio na l databas e
management system (DBMS), which is currently the most
efficient way to manage large amounts of data and query
is implemented with powerful Structured Query Language
(SQL). The search engine is written using Personal Home
Page (PHP) with SQL embedded and web retrieval
interface is developed for searching with Hypertext Markup
Language (HTML).
RESULTS: We present the first version of HBVPathDB,
which is a HBV infection-related molecular interaction
network database composed of 306 pathways with 1 050
molecules involved. With carefully drawn graphs, pathway
information stored in HBVPathDB can be browsed in an
intuitive way. We develop an easy-to-use interface for
flexible accesses to the details of database. Convenient
software is implemented to query and browse the pathway
information of HBVPathDB. Four search page layout
options-category search, gene search, description search,
unitized search-are supported by the search engine of
the database. The database is freely available at http://
www.bio-inf.net/HBVPathDB/HBV/.
CONCLUSION: The conventional perspective HBVPathDB
have already contained a considerable amount of pathway
information with HBV infection related, which is suitable
for in-depth analysis of molecular interaction network of
virus and host. HBVPathDB integrates pathway data-sets

with convenient so ftware f or query , brow sing,
visualization, that provides users more opportunity to
identify regulatory key molecules as potential drug targets
and to explore the possible mechanism of HBV infection
based on gene expression datasets.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Worldwide spread of hepatitis B viruses (HBV) involves
up to 350 million people infected, and areas of endemic
infection such as China has about 120 million carriers[1-3].
Approximately 80% of the carriers have different levels
of hepatocyte destruction, and most of them, transfer to
serious consequences progressively: liver cirrhosis and
hepatocellular carcinoma [4]. Information about HBV
infection-related molecular interaction network is not only
helpful to comprehend the mechanism of transient and
chronic infections of the liver caused by HBV, but also
instructive to find targets for developing new anti-HBV drugs.
Database has proved to be an efficient tool for storage
and retrieval of information on molecular interaction
network [5]. However, much of the available pathways’
databases at present time such as CSNDB (Cell Signaling
Networks database) focus on general information of signal
transduction and metabolic pathways, but not specific
disease. Although some commercial pathways’ databases such
as transpath[6] offer analysis, based on pathways, to user,
they are not available freely and their data sets are limited.
We develop a database about HBV infection-related
molecular interaction network named HBVPathDB. The
pathway information stored in HBVPathDB is composed
of numerous reactions involved in the interaction between
HBV and its host. To be convenient for integration in the
web severs or lab severs, a web retrieval interface for
HBVPathDB is also developed. A web retrieval interface
with four-search mode is also developed to make the
database convenient for the integration in the web server
or lab server. HBVPathDB is freely available at http://
www.bio-inf.net/HBVPathDB/HBV/.

Zhang Y et al. A database of HBV infection-related molecular interaction network

MATERIALS AND METHODS
Data resources
Since a lot of physiological and biochemical processes have
been involved in the complicated interaction network
between HBV and host cells, it is naturally difficult to
organize a series of pathways into the complex network. A
pathway that refers to local response of network under
interior regulating factor or exterior stimulating signal is an
essential element of the network in which plenty of
molecules interact with others directly or indirectly. In
HBVPathDB, pathway is the essential record type of the
database. Public databases are rich resources of original
pictures of signal transduction and metabolic pathways. The
reference databases on the web are shown in Table 1.

Table 1 Reference databases
Database
HemoPDB
Cytokines online Pathfinder encyclopedia
Cell signaling
Networks database
PathDB
Signal

Pathway database

Biocarta
Gene
Cell signaling
Database of
interacting

Ontology
Technology
Protein

URL (uniform resource locator)
www.bioinformatics.med/
ohio-state.edu/HemoPDB
www.copewithcytokines.de
www.geo.nihs.go.jp/csndb
www.ncgr.org/pathdb/
architcture.htm
www.grt.kyushu-u.ac.jp/
eny-doc/spad.html
www.biocarta.com
www.geneontology.org
www.cellsignal.com
www.dip.doe-mbi.ucla.edu

Pathway graphs drawing
To enable users to browse the pathway information in an
intuitive way, FreehandTM 10.0 is chosen as the tracer of
pathway for HBVPathDB. Molecular mode criterion
provided by BiocartaTM (download freely at http://www.
biocarta.com/genes/index.asp) is also used to achieve
standardization of graphical representation.
Database implementation
HBVPathDB is a relational database implemented using
MYSQL DBMS. This allows the HBVPathDB to grow
without concerns for performance issues and, more
importantly, to discover relations between the data. The
data are organized in the format appropriate for quick search
in the database.
Web retrieval interface
A web retrieval interface for HBVPathDB is developed to
make the database easier to use. The search engine consists
of a suite of programs written in Personal Home Page and
Structured Query Language (SQL). This choice was made
partly to ensure that the software would work on as many
hardware configurations as possible. The front-end data input
part of the interface is coded in Hypertext Markup
Language. The web retrieval interface has been tested on
Windows 98/NT/2000/XP and Linux via the most popular
web browsers Netscape and Internet Explorer.
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RESULTS
Content of the database
As of August 2004, HBVPathDB contains 306 pathways
with 1 050 molecules involved. These pathways can be
classified into adhesion, apoptosis, cell activation, cell cycle
regulation, cell migration, cell signal transduction,
development, hematopoiesis, immunology, metabolism and
neuroscience.
Search modes
HBVPathDB allows users four search modes: (1) Category
search, which allows users to query pathway by category
names. The search result is a list of pathways, which belong
to one category or multi-category; (2) Gene search, which
allows users to query pathway by gene names (five genes at
most). The search result is a list of pathways with the genes
involved; (3) Description search: allows users to query
pathway by imprecise description; (4) Unitized search: allows
users to query pathway by category name, gene name and
imprecise description. The search result is a list of pathways,
which belong to the category, and include the gene, and
possess the description.
Results are returned as a list of pathway term with a
brief account of description. And user can explore the details
of specific pathway through hyperlinks.
Case study for interpreting differential gene expression based
on pathway information
A pathway database is an extremely useful tool to identify
regulatory key molecules as potential drug targets and
discover mechanism of HBV-related diseases based on gene
expression datasets. The query ser ver of pathway
information is available through HBVPathDB’s web retrieval
interface, which provides users with a searchable index of
pathway data and gives users opportunity to analyze
differential gene expression.
The expression of Fibronectin of hepatocyte infected with
HBV is much more higher than that of normal hepatocyte
in our experiment (details will be reported elsewhere). After
searching for Fibronectin in HBVPathDB, we get a form
with a list of five pathways associated with Fibronectin and
these pathways are automatically classified into four
categories: adhesion, apoptosis, cell migration and
development. Click on “Integrin Signaling Pathway” in the list,
then access a pathway information for which the picture is
illustrated in Figure 1.
Figure 1 shows that there are a series of physiological
and biochemical reactions generated after HBsAg interacted
with fibronectins[7], 20 types of molecules are involved in these
progresses. As a kind of cell surface receptors, integrins
mediate intracellular signals in response to fibronectins, with
the result that a series of pathways are activated. One of
the important ultimate events shown in Figure 1 is the high
expression of c-Jun gene coding a kind of DNA binding
protein, which can regulate the expression of some specific
genes. Furthermore, the gene of c-Jun is a type of protooncogene whose high expression implies carcinomatous
change.
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of HBV infection. With powerful pathway information
query, navigation and visualization tools, it enables users to
interpret differential gene expression generated by highthroughput technologies such as gene microarray from the
point of view of pathways, and not just to find the coexpress gene using clustering. The database would help to
find the factors and drug targets of HBV-related diseases
hidden in the complex molecular interaction network.
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Figure 1 Fibronectin-related signaling pathway graph stored in
HBVPathDB.

DISCUSSION
The HBVPathDB Database presented by us contains
abundant information about HBV infection, ranging from
HBV duplicate to cell response in host and provides user
with intuitive interfaces to explore the related molecular
interaction network in HBV infection process.
HBVPathDB is more than an electronic encyclopedia
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Abstract
AIM: To study the effect of indomethacin (IN) on human
colon cancer cell line SW480 with p53 mutant and SW480
transfected wild-type p53 (wtp53/SW480) in vitro and
investigate molecular mechanism of anti-tumor effect of
IN on colon cancer.
METHODS: SW480 cells and wtp53/SW480 cells were
treated with different concentrations of IN respectively,
the expressions of CDK2, CDK4 and p21WAF1/CIP1 protein were
detected by Western blotting.
RESULTS: IN gradually down-regulated the expression
of CDK 2, CDK4 protein of wtp53/SW480 cells in a dosedependent manner, and inhibitory effect reached the
maximum level at 600 mol/L; IN up-regulated the
expression of p21WAF1/CIP1 protein in a dose-dependent
manner at a certain concentration range, and the
expression reached the maximum level at 400 mol/L,
and returned to the base level at 600 mol/L. The
expression of CDK2, CDK4 and p21WAF1/CIP1 protein of SW480
cells did not change.
CONCLUSION: IN exerts antitumor effect partly through
down regulation of the expression of CDK2, CDK4 protein
and up regulation of the expression of p21WAF1/PIC1.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been
shown to reduce the incidence and mortality from colorectal
cancer[1,2]. Indomethacin (IN), a NSAID, is related with the
decrease of incidence rate and mortality rate of colon cancer
when administered on a long-term basis. Previous studies
demonstrated that IN inhibit growth and metastasis of tumor
by non-selectively inhibiting cyclooxygenase (COX)[3-5]. It is
found in recent years that inhibiting cell proliferation and
inducing cell apoptosis is another mechanism by which IN
inhibit tumor[6-8]. In this study, Western blot analysis was
employed to examine the effect of IN on the expression
of cyclin-dependent kinase (CDK) CDK2, CDK4 and cyclindependent kinase inhibitor (CKI) p21WAF1/CIP1 in wild-type
p53 transfected colon cancer cell line SW480 (wtp53/
SW480), so as to provide experimental evidence to elucidate
the anti-tumor mechanism of IN.
MATERIALS AND METHODS
Reagents
p53-Mutated human colon cancer SW480 cell line was
purchased from ATCC. wtp53/SW480 was SW480
transfected with wild-type p53 allele according to Bampoe
and Shetty ascribed previously [9,10] , wtp53/PLXSN
recombinant plasmid was kindly provided by Dr. Zhou Xiao,
wtp53/PLXSN plasmid was transfected into SW480 cells.
Eight-hundred milligrams per liter of G418 was added 48 h
after transfection and kept at 200 mg/L concentration for
G418 resistance screening. G418-resistant clones of wtp53/
SW480 cells were selected randomly. The cells were
amplified in media with 200 mg/L G418. The blank plasmid
PLXSN was transfected into SW480 cells for the control.
Total RNA was extracted from wtp53/SW480 cells, SW480
cells and blank plasmid transfected SW480 cells using Trizol
isolation kit according to the manufacturer’s instructions.
cDNA was synthesized from total RNA in 20 L reaction
mixture using a RT-PCR kit (GIBICO-BRL), including
25 mmol/L MgCl 24 L, 10× RT buffer 2 L, 10 mmol/L
dNTP 2 L, Rnasin 40 U, AMV 200 U, Oligo(dT) 151 L.
The mixture was incubated at 42 ℃ for 60 min, 95 ℃ for
5 min. Fifty microliters of PCR reaction mixture contained
5 L product of the reverse transcription as a template,
10×PCR buffer 5 L, sense and anti-sense primers 50 pmol,
10 mmol dNTP 2 L, Taq DNA polymerase 2 U. The
PCR condition was 94 ℃ for 3 min pre-denaturing, then
30 cycles at 94 ℃ for 50 s, 53 ℃ for 30 s, and 72 ℃ for
40 s, and further extension at 72 ℃ for 7 min, PCR products
were resolved on 1% agarose gels and visualized by ethidium
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bromide staining. RPMI-1640 was purchased from
GIBICO-BRL, IN was dissolved in DMSO (Sigma) to make
200 mmol/L stock solution and kept at -20 ℃. Rabbit antiCDK2, CDK 4, and p21 WAF1/CIP polyclonal antibodies were
purchased from Santa Cruz; anti--actin antibody was kindly
provided by Dr. Zhi-Ming He from the Cancer Research
Institute, Xiangya Medical College, horseradish peroxidaseconjugated goat anti-rabbit and goat anti-mouse second
antibodies, NC membranes were from Huamei Biotech
Company (Luo Yan, China); BCATM Protein Assay Reagent
Kit was from Pierce Chemical Co. (Rockford, IL), ECL
chemiluminescence kit was from NENTM life science.
Cell culture
SW480 and wtp53/SW480 were maintained in RPMI-1640
medium containing 10% inactive fetal bovine serum, 50 IU/L
penicillin and 50 g/L streptomycin at 37 ℃ under an
atmosphere of 5 mL/L CO2.
Drug treatment
In experimental group, the cells were treated with IN at
final concentration of 100, 200, 400 and 600 mol/L; in
the control group, the cells were treated only with medium
or DMSO. The cells were harvested in 24 h treatment.
Protein extraction
The cells were washed twice with PBS, followed by 5 000 r/min
centrifugation at 4 ℃ for 10 min, lysed with lysis buffer
(50 mmol/L Tris-Cl pH 6.8, 1 mmol/L EDTA, 2%SDS,
5 mmol/L DTT, 10 mmol/L PMSF) on ice, denaturation
at boiling water, renaturation on ice, disruption with
ultrasound for 30 s, 12 000 g centrifugation again for 30 min
and discard supernatant. The protein concentration was
analyzed with Protein Assay Reagent Kit, and aliquots of
cell lysates were stocked at -70 ℃.
Western blotting
Aliquots of cell lysates containing 80 g of total proteins
were separated by SDS-polyacrylamide gel for 2-3 h, and
transferred to nitrocellulose filters. The filters were blocked
with PBS-T buffer containing 5% skimmed milk for 4-6 h,
incubated with rabbit anti-CDK2 (1:200), anti-CDK4 (1:200),
anti-p21WAF1/CIP1 (1:500) polyclonal antibodies respectively
for 1 h, then the filters washed with PBS-T for 4 min×15 min
and followed by the addition of horseradish peroxidaselinked goat anti-rabbit IgG and ECL visualization of the
bands.
For internal control, the same filters were washed with
PBS-T for 30 min×3 min, followed by incubation with
mouse anti--actin in 5% skimmed milk (1:10 000 dilution)
for 1 h, incubation with horseradish peroxidase-linked goat
anti-mouse IgG for 1 h, and ECL visualization of the bands.

RESULTS
Effect of IN on CDK2, CDK4 and p21WAF1/CIP1 protein expression in
SW480 cells
After 24 h of action of IN at different concentration, it
was found by Western blot analysis that the protein expression
of not only CDK2 and CDK4 but also p21WAF1/CIP1 were not
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obviously changed in a certain range of IN concentration
(Figure 1).
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Figure 1 The effect of IN on CDK2, CDK4 and p21WAF1/CIP1 protein
expression in SW480 cells. Lane 1: Control group; lane 2: DMSO group;
lane 3: IN 100 mol/L; lane 4: IN 200 mol/L; lane 5: IN 400 mol/L;
lane 6: IN 600 mol/L.

Effect of IN on CDK2, CDK4 and p21WAF1/CIP1 protein expression in
wtp53/SW480 cells
After 24 h of action of IN at different concentration, it
was found by Western blot analysis that the expression of
CDK 2 and CDK 4 was decreased with the increase in IN
concentration in certain range. Figure 2 shows that IN can
significantly down-regulate the protein expression of CDK2
and CDK4 in a dose-dependent manner in a certain range,
and the inhibitory effect was most evident at a IN
concentration of 400 and 600 mol/L; CDK4 seems to be
more effective. Meanwhile, the protein expression of
p21 WAF1/CIPI was increased with the augment of IN
concentration in a dose-dependent manner in certain range,
most evidently at a IN concentration of 400 mol/L, and
reduced to basic level at a IN concentration of 600 mol/L.
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Figure 2 The effect of IN on CDK2 , CDK4 and p21WAF1/CIP1 protein
expression in wtp53/SW480 cells. Lane 1: Control group; lane 2:
DMSO group; lane 3: IN 100 mol/L; lane 4: IN 200 mol/L; lane 5
IN 400 mol/L; lane 6: IN 600 mol/L.

DISCUSSION
Inhibition of tumor cells proliferation and induction of
tumor cells apoptosis are associated with the blocking of
the programmed progression of cell cycle[11-13]. NSAIDs
inhibit proliferation and induce apoptosis in human
colorectal cancer cells in vitro[14]. Our previous studies have

Xu MH et al. Indomethacin on colon cancer cell lines

shown that IN inhibit proliferation of colon cancer cells by
increasing the ratio of cells in G0/G1 phase in tumor cells,
reducing the ratio of cells in S phase and G2/M phase and
thus lead to cell apoptosis, western blot analysis was
employed to investigate the effect of IN on colon cancer
cell line HCT116 contained with wild-type p53 and found
it could down-regulate the expression of CDK2 and CDK4,
and up-regulate p21WAF1/CIP1 expression.
For its instability in solution and a short half-life of only
few minutes, p53 protein is difficult to be detected by
western blot. In this study, Western blot analysis was employed
to detect the expression of CDK2, CDK4 and p21WAF1/CIP1
protein. To eliminate the error caused by the volume of
protein, -actin protein was used as control, for its stable
expression and abundant content in the same class of cells
which could ensure the reliability of objective protein and
-actin protein.
The results of the study showed that: IN down-regulated
the expression of CDK2 and CDK4 protein, especially caused
dramatic decreases in Cdk4 activities, which leads to a G1 phase
cell cycle arrest, in the meantime, up-regulated p21WAF1/CIP1
protein in wtp53/SW480 cells, in a dose-dependent manner
within a certain range of concentration; while it had no
effect on the expression of CDK2, CDK4 and p21WAF1/CIP1
protein in SW480 cells, suggesting that the existence of
wild-type p53 was required for the down-regulation of CDK2
and CDK4 expression by IN[15]. Therefore, we can speculate
that up-regulation of p21WAF1/CIP1 protein expression inhibits
CDK2 and CDK4 expression as well as their activity, p21WAF1/CIp1
being an important physiological regulator of CdK 4
complexes [16] , it increased with the augment of IN
concentration, most evidently at 400 mol/L, and reduced
to a basic level at 600 mol/L, the most effective being
400 mol/L; the drop of CDK2 and CDK4 activity in turn
decreases the activity of CDK 2 or CDK 4 complex and
induces cell cycle arrest in G2 phase, indicating the effect
of IN on colon cancer cells transfected with wild-type p53,
namely wtp53/SW480 cells, being to induce cell apoptosis
depending on p53 in a dose-dependent manner. Based on
the results of previous studies and current research, we
conclude IN induces cell cycle arrest in G 2 phase in a
p53-dependent way and inhibits cell proliferation in a p53p21 WAF1/CIP1 dependent way.
As it is well known, cell cycle is dominated by a regulatory
network. A cell proliferation-regulating system composed
of cyclins, CDKs and CKIs, can accelerate the progression
of cell cycle and thus promote cell proliferation. The main
regulatory point to start cell cycle is in G1 phase, the core in
cell cycle regulation are cyclin and CDK [17], and the
formation of CyclinD/CDK 4 and CyclinE/CDK 2 is the
rate-limiting step for progression of G1 phase. Activation
of CDK 2 and CDK 4 can yield many cell cycle related
proteins, thus prompting progression from G1 phase to S
phase[18,19]; p21 WAE1/CIP1, a major member of CIKs family,
which is closely related with growth and differentiation of
tumor cells, is an extensive inhibitor for CDK, it can bind
and block Cyclin/CDK complex and thus inhibit the activity
of CDK2 and CDK4, stop the progression of cell cycle and
induce G 2 phase arrest[11] . Wild-type p53 and p21 WAF1/CIP1,
which are functionally related, are the inhibitors for CDKs-
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cyclin complex[20,21], so abnormality in the p53 or p21WAF1/CIP1
gene will lead to abnormal cell proliferation[22-24] . There
is a high frequency of p53 mutation in colon cancer, and
mutant p53 can neither stop cell growth nor induce cell
apoptosis, therefore, colon cancer is resistant to conventional
chemotherapy drugs and not sensitive to assistant treatment
of DNA damage. Transfection of wild-type p53 together
with chemotherapy and radiotherapy can evidently induce
apoptosis, reduce the dosage of chemotherapy and
radiotherapy and decrease side effects[25,26]. Thus, it is held
by some that for many tumors with p53 mutation or deletion
which has a very poor sensitivity to radiotherapy and
chemotherapy, gene transfection should be considered to
enhance the sensitivity [27-29]. So the tumor-suppressing
protein p53 mediate chemotherapy drugs induced apoptosis
through the regulatory effect of p21 protein on cell cycle
progression[30,31]. In vitro experiments have proved that IN
inhibits cell proliferation, alters cell cycle and arrests G1
phase possibly through down-regulating CDK2 and CDK4
protein expression and up-regulating p21 WAF1/CIP1 protein,
giving elementary experimental evidence to elucidate the
mechanism by which IN inhibits colon cancer, but much
needs to be done to elucidate the anti-tumor mechanism of
IN in detail[32] and on a network basis.
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Abstract
AIM: In this retrospective study of unresectable hepatocellular
carcinoma (HCC), we have investigated the efficacy of CTderived parameters, laboratory measurements, clinical
assessment and associated transarterial embolization
(TAE) as predictors of post-radiotherapy survival time.
METHODS: Sixty-six patients diagnosed with unresectable
HCC that had undergone radiotherapy at two medical
university hospitals in Taipei were enrolled in the study.
Using multivariant analysis, pre-treatment parameters
including tumor number and CT confirmation of PVT and
ascites were compared. Multivariant analysis was also
used for comparison of the mean pretreatment values
for laboratory measurements, including alpha-fetoprotein,
direct/total bilirubin and GOT/GPT levels, and clinical
history of chronic hepatitis across the three survival-time
categories. The 2 was used to test the significance of
the relationship between survival time and TAE procedure.
The P values for the above tests were deemed statistically
significant where P<0.05.
RESULTS: Portal vein thrombosis (P = 0.032) and ascites
(P<0.05) were negative predictors of post-radiation
survival time. Low-grade liver cirrhosis (A or B), lower
tumor volume and low levels of AFT, GOT/GPT, and total
bilirubin were predictors of longer post-radiation survival
time (P<0.05).
CONCLUSION: The CT and clinical and laboratory
assessment provide a reference for, and enable estimation
of, probable survival times in HCC patients after
radiotherapy. Tumor volume, severity of liver cirrhosis,
status with respect to portal vein thrombosis and ascites
and AFT, GOT/GPT and total bilirubin values were
significant predictors of survival in this study.

INTRODUCTION
Radiotherapy treatment for hepatocellular carcinoma (HCC)[1]
is still considered unorthodox in Taiwan. However, there
has been a trend towards increased utilization in unresectable
and TAE-nonsusceptible cases.
In this study, we share our experience over the past six
years with HCC irradiation to provide a reference for
prediction of survival time based on clinical, laboratory,
and image-derived information[2], and particularly to discuss
the value of pre-TAE treatment.
We also compared our results with those of other
analogous research[1].
MATERIALS AND METHODS
Patients
From June 1998 to June 2004, radiotherapy for a total of
66 patients diagnosed with unresectable HCC was
performed at Taipei Medical University Hospital (TMUH)
and Taipei Wan-Fang Hospital (TWH).
The mean age for the 35 male (53%) and 31 female
(47%) patients was 58 years. Diagnosis was based on
cytology, high serum alpha-fetoprotein and image findings
characteristic of malignancy (including angiography and CT
follow-up).
Various factors were considered, including: laboratory
data for alpha-fetoprotein, total bilirubin, and GOT/GPT;
tumor number and volume and existence of portal vein
thrombosis (PVT) and ascites, based on pre-treatment CT;
clinical grade of liver cirrhosis (Child’s A, B, C); history of
chronic hepatitis; and status for the associated therapeutic
factor, transarterial embolization (TAE).
Pre-treatment spiral CT examination (5-mm slices) was
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performed, and the following parameters recorded: tumor
number and volume (as described below), and presence of
PVT or ascites.
VARIAN Eclipse 7.1.35.7 software (Integrated Treatment
Planning System) was used for CT-based measurement of
tumor volume, with the images made available on a large
screen monitor. The distance-reference line on the CT images
was used to calculate the pixel size. The tumor outlines
were traced manually on the screen using a mouse-controlled
cursor. Tumor volume was calculated by multiplying the
sum of the traced areas by the image reconstruction interval
(summation-of-areas technique). All three-dimensional
reformation volumes were calculated in milliliters.
The patients were treated using limited-field radiotherapy
mostly irradiated with daily fractions of 180/250 cGy to a
total dose of 5 000 cGy.
Survival time after radiation was divided into three
categories: (1) 6 mo; (2) 6-24 mo; (3) >24 mo; with these
considered dependent variables. Other variables included
PVT, ascites, hepatitis, liver cirrhosis (A, B or C) and tumor
number (n = 1, 2, or >2) with multivariant analysis used to
determine statistical significance as independent predictors
where P<0.05. Mean AFP, tumor size, and GOT/GPT
and total bilirubin [Bili(T)] levels were compared for each
of the three survival categories, with multivariant analysis
used to verify statistical significance as independent
predictors where P<0.05.
Statistical significance was also determined for the
associated therapeutic factor, TAE, for the three survivaltime categories. The significance of the relationship between
TAE and survival time was evaluated using the 2 (P<0.05).

RESULTS
The overall survival rates for the 66 irradiation patients[3]
for <6, 6-24 and >24 mo were 18%, 32% and 50%
respectively. Of these 66 cases: 46 (70%) involved single
lesions detected by pre-treatment spiral CT; 12 patients
(18%) had two visible tumors; and, 8 individuals (12%) had
multiple or diffuse lesions. Tumor volumes ranged from
4-1 948 mL. Pre-treatment CT scan was used for 16 (24%)
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and 29 instances (44%) of portal vein thrombosis and ascites
respectively (Table 1).
The clinical assessments and grading for the liver
cirrhoses are presented in Table 2. A total of 40 cases (61%)
were associated with TAE treatment[4] before or during
radiation therapy[5].
The pre-treatment laboratory data for alpha-fetoprotein,
direct/total bilirubin, GOT/GPT and clinical history of
chronic hepatitis are presented in Tables 2, 3.
We found that, for our sample, PVT[6] (P = 0.032) and
ascites (P = 0.025) were predictors[7] of shorter survival
time[8] after radiation therapy (Table 1). By contrast, the early
stages of liver cirrhosis (A or B; P = 0.03 and 0.02
respectively) were predictors of longer survival time. The
variant factors of chronic hepatitis and tumor numbers
were, however, not significant predictors. Mean values for
the study parameters were compared across the three
survival times using multiple analysis (Tables 1, 2). It was
demonstrated that AFP <91.8 ng/mL, tumor volume
<178 mL; GOT <59 IU/L; GPT <43.5 IU/L, and total
bilirubin <0.799 mg/dL were predictors of longer survival
time post radiation therapy.
We found that the associated procedure for TAE did
not predict survival time after radiation therapy (Table 4).

DISCUSSION
Our results may provide a reference for prediction of
outcome after radiotherapy for HCC, based on CT and
clinical and laboratory assessment.
In this retrospective study, the number of eligible cases
from the radiation oncology departments at TMUH and
TWH was scarcely sufficient. In comparison to the reference
study of Guo and colleagues[1], high grade criteria were not
set to exclude advanced or terminal-stage disease from our
sample.
Table 3 Parameters of laboratory data
AFP

<0.5 yr

0.5-2 yr

>2 yr

Range

2.7-146 700

10-265 891

2.3-40 248

Mean

23 844

47 594.8

91.8

Table 1 Parameters of CT findings

Tumor size

<0.5 yr

0.5-2 yr

>2 yr

Parameters

Range
Mean

126-916
365

4-1 948
178

19-1 405
204

0.5-2 yr >2 yr

P
<0.0001
P
<0.0001

Survival time

<0.5 yr

GOT

<0.5 yr

0.5-2 yr

>2 yr

P

1

2

4

9

0.31

Range

20-330

2.1-270

20-153

<0.0001

2

2

6

4

0.38

1

4

3

0.24

Mean
GPT

99
<0.5 yr

59
0.5-2 yr

59.8
>2 yr

P

Range

31-92

0.8-138

22-442

<0.0001

P

Tumor number

Multiple or diffuse
PVT

7

8

1

0.032

Mean

50

43.5

94.2

Ascites

7

16

6

0.025

Bili (T)
Range

<0.5 yr
0.4-2

0.5-2 yr
0.5-21

>2 yr
0.19-1.84

Mean

1.39

1.12

0.799

P
<0.0001

Table 2 Parameters of clinical assessment
Parameters Survival time

<0.5 yr

0.5-2 yr

>2 yr

P

8

11

14

0.37

A
B

3
5

5
13

22
6

0.03
0.02

C

1

0

0

0.28

Hepatitis
Cirrhosis

Table 4 Parameters of TAE treatment
Parameters

Survival time

<0.5 yr

0.5-2 yr

>2 yr

Total

P

13
8

18
15

40
26

0.47

TAE
Performance
Not performance

9
3
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The two studies differed in terms of overall survival rate,
with markedly shorter post-RT survival time demonstrated
for our sample population. Basically, this is due to fundamental
differences in the two studies. In the above-mentioned study,
the cases were first treated in the same hospital. By contrast,
the source of our cases could be divided into two categories.
The first consisted of referrals from other hospitals or
medical units without initial treatment at our two institutions,
such that, in most cases, we were not able to take advantage
of the ‘golden period’ in terms of successful TAE treatment.
Further, many patients had already undergone multiple
sequential TAE procedures and as such, poor response to
further TAE could be anticipated. Further, we also suggest
that our cases were more severe and more advanced in
terms of HCC stage as determined from CT and clinical
and laboratory parameters. Our second category of patients
were initially treated in the same hospital after HCC was
proven, as in the study of Guo and colleagues [1], with
some of these referred to diagnostic radiation departments
for TAE. Unfortunately, the first group outnumbered the
second by more than nine-fold in our study, resulting in a
significant decrease in prediction of success rate for our
TAE cases, as well as, shorter median survival time post-RT
treatment, compared to the reference study. Therefore, it
appears reasonable to assume that the difference in patientselection criteria explains the disparity between these two
otherwise similar studies.
In conclusion, we found that the presence of PVT
(P = 0.032)[9] and ascites (P = 0.025) after radiation therapy
were predictors of shorter survival time. By contrast, the
early stages of liver cirrhosis (A and B; P = 0.03 and 0.02
respectively) were predictors of longer survival time[10].
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sCD95L in liver- transplanted recipients were not significantly
different from that in healthy individuals.
CONCLUSION: The present results indicate that the
increased CD95 expression on CD3+ cells and the increased
levels of sCD95 in plasma may modify the immunological
situation of the recipients after transplantation or represent
the ongoing graft rejection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To analyze the expression levels of soluble form of
CD95, CD95 ligand (sCD95 and sCD95L, respectively) in
plasma and CD95 expression on CD3 + cells in livertransplanted recipients with acute rejection (AR).
METHODS: Peripheral blood mononuclear cells (PBMCs)
were isolated from 30 clinically liver transplanted recipients.
CD95 expression on CD3+ cells was quantitatively measured
by two-color fluorescence activated cell sorter (FACS)
analysis. Lymphocyte surface phenotypes of CD4, CD8,
CD16 and CD56 were determined by flow cytometry.
Plasma levels of sCD95 and sCD95L were detected by
Enzyme Linked-Immuno-Sorbent Assay (ELISA). The
results were compared with that from normal healthy
volunteers (n = 15 individuals).
RESULTS: FACS analysis showed that CD95 expression on
CD3+ T cells was significantly increased in liver transplanted
recipients with AR compared to that in stable recipients without
rejection and infection or healthy individuals who did not
undergo transplantation (18 676.93±11 588.34/molecule,
6 848.20±1 712.96/molecule, 6 418.01±2 001.95/molecule,
respectively, P<0.01). Whereas no significant difference
was seen between liver-transplanted stable recipients and
healthy individuals. Furthermore, no significant differences
were detected between each group with CD4/CD8 ratio
or the percentage of CD16+56+ cells. Plasma levels of sCD95
were significantly higher in transplanted recipients with AR
compared to that in stable recipients or healthy individuals
(391.88±196.00, 201.37±30.30, 148.83±58.25 pg/mL,
respectively, P<0.01). In contrast, the plasma levels of

INTRODUCTION
Numerous studies have proposed several mechanisms of
graft rejection in liver transplantation such as the manipulation
of intragraft cytokines, apoptosis of graft infiltrating
lymphocyte and so on. Cytokines play an important role in
regulating immunological responses of the host against
transplanted organs. They control the activation and
differentiation of immune effector cells and mediate
cytotoxic activity of the effector cells. It has been suggested
that Type I CD4 + and CD8 + T cells (Th1, Tc1) cytokines
(interleukin-2, interferon- and tumor necrosis factor
(TNF)-) might promote cellular rejection[1-3], whereas type
II CD4+ and CD8+ T cells (Th2, Tc2) cytokines (interleukin-4
and interleukin-10) might suppress graft rejection[4].
T cells stimulated via the T-cell receptors (TCRs) not
only proliferate, but also undergo subsequent apoptosis by
activation-induced cell death (AICD)[5,6] . Much evidence
indicates the implication of AICD in the immune responses
against alloantigens. Recent studies have been reporting that
some pathways involved AICD of T cells[7,8]. CD95/CD95
ligand (CD95L) pathway has been shown to be a major
AICD mediator of T cells. CD95 (Fas or APO-1) and its
ligand are cell surface proteins. CD95 is a 48-KD type I
transmembrane protein member belonging to the TNF
receptor family, and CD95L is a 40-KD type II integral
membrane protein belonging to the TNF family[9] . The
interaction between the CD95 and CD95L is recognized as
a major pathway for the induction of apoptosis in cells and
tissues[10]. It has been suggested that the CD95 and CD95L
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play an important role in the regulation of immune
responses to foreign antigens and in the induction of
peripheral tolerance[11]. sCD95 has recently been detected
in the serum of the patients with liver diseases, including
injury, hepatitis, cirrhosis, hepatocellular carcinoma (HCC)
and in the systemic lupus erythematosus patients[12,13]. It has
been shown that human CD95L was secreted from activated
T cells[14] and the sCD95L may act as a cytotoxic cytokine,
although Tanaka and colleagues recently suggested its
inhibitory function[15]. CD95/CD95L pathway is regulated
by a number of implicating factors. Till now, the role of
CD95 and CD95 ligand system in graft rejection is not
fully understood and changes of their expression during
liver allograft rejection have not been elucidated.
Given the above considerations, we aimed to examine
CD95 expression by CD3+ T cells and the plasma levels of
sCD95 and sCD95L in human recipients after liver
transplantation, and estimated their relation to the liver
rejection. The significance of these results on liver
transplantation will be discussed below.

MATERIALS AND METHODS
Patient
Thirty liver -transplanted recipients (24 men, 6 women) who
were treated at Organ Transplantation Center of Tianjin
First Central Hospital were divided into post-transplanted
AR (n = 15) and post-transplanted stable (n = 15) groups.
The patients had been transplanted within 3 mo of
immunosuppressed treatment with FK506, zenapax, MMF,
and steroids. AR was diagnosed by means of clinical, laboratory,
and histologic evidence. Methylprednisolone was used for
treatment. Blood samples were collected from AR group
and stable group after liver- transplantation. The control
group consisted of 15 healthy individuals. Peripheral blood
mononuclear cells (PBMCs) were separated by Ficoll-Hypaque
density gradient centrifugation from ethylenediaminetetraacetic
acid (EDTA) blood 5 mL. Plasma was collected from healthy
donors and patients by centrifugation of heparinized
peripheral blood (PB) at 3 000 r/min for 10 min. Plasma
samples were divided into aliquots and stored at -70 ℃
until measured.
Methods
Plasma cytokines The concentration of sCD95 in plasma
was determined by a solid phase sandwich Enzyme LinkedImmuno-Sorbent Assay (ELISA) (DIACLONE France).
Briefly, a monoclonal antibody (mAb) specific for sCD95
has been coated onto the wells of the microliter strips provided.
Plasma and standards of known sCD95 concentrations are
pipetted into these wells. During the first incubation, the
antigen and a biotinylated mAb specific for sCD95 are
simultaneously incubated. After five washes with 0.05%
Tween 20-phosphated buffered saline (PBS), pH7.4, the
enzyme (streptavidin-peroxydase) is added. After incubation
and washing, to remove all unbound enzyme, a substrate
solution, which acts with the bound enzyme, is added to
induce a colored product. The intensity of this colored
product is directly proportional to the concentration of
sCD95 present in the plasma. The same ELISA system for
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sCD95L was used for the in vitro quantitative determination
of sCD95L in plasma.
Determination of lymphocyte subpopulations Staining
with mAb was performed in 100 L aliquots of heparinized
PB, followed by lysis of red blood cells and fixation with 1%
paraformaldehyde (PAF). Phycoerythrin (PE) conjugated
mouse anti-human CD4, CD8, CD16, fluorescein
isothiocyanate (FITC) conjugated mouse anti-human CD56
and isotype-matched control mAbs (All from Becton
Dickinson) were used. 10 000 events were acquired using
fluorescence activated cell sorter (FACS) Calibur and analysis
was perfor med using C EL L QUES T software (Becton
Dickinson).
Quantitative measurement of cell surface expression
of CD95 (Fas/Apo-1) expression on CD3+ lymphocytes
by dual-color flow cytometry Fifty microliter of cell
suspension was added to each of 2-5 mL polystyrene snap
cap tubes. To the first tube (T1), 25 L negative isotypic
control (BIOCYTEX, France) was added. To the second
tube (T2), 25 L FITC conjugated mouse anti-human CD95
(Fas/Apo-1) mAb (BIOCYTEX) was added. To the third
tube (T3), 50 L of QuantiBRITE beads (BDB) suspension
(BIOCYTEX), which were coated with increasing and
accurately known quantities of mouse immunoglobulins G
was added. Samples were incubated for 10 min at room
temperature. Subsequently, in each of the tube, 10 L of
PE conjugated mouse anti-human CD3 mAb (Becton
Dickinson) was added. Samples were incubated at room
temperature for 10 min, followed by washing in PBS with
2% fetal calf serum and fixation in 1% PAF and then
analyzed by flow cytometry. The standard curve (Figure 1C)
was made by plot the MFI (mean fluorescence index)
calibration values obtained from T3 on the X-axis and their
corresponding number of mAb molecules on the Y-axis
(Figure 1B). Note the MFI values of T1 and T2 obtained
on the corresponding histogram after gating CD3 + cells
(Figure 1A). Interoplate the MFI values of T1 and T2,
then read the corresponding number of mAbs directly off
the curve. The number of specific sites was obtained by
subtracting T1 value to T2 value.
Statistical analysis
All data are presented as the mean±SD. Statistic analyses
were performed with the t-tests. P-values of less than 0.05
were regarded as significant throughout the study.

RESULTS
We analyzed and compared freshly isolated PBMCs from
liver-transplanted patients and healthy individuals as regards
CD95 expression on CD3 + T cell by dual-color flow
cytometry (Figure 1). We did not find any significant
difference between post-transplanted stable recipients and
healthy individuals. However, CD95 expression on CD3+ T
cells was significantly increased in liver transplanted recipients
with AR compared with that in stable recipients without
rejection and infection or healthy individuals who did not
undergo transplantation (P<0.01, Table 1).
We also investigated the sCD95 and sCD95L in plasma
by ELISA. Plasma levels of sCD95 were significantly higher
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Figure 1 Quantitative measurement of cell surface expression of CD95 expression on CD3+ lymphocytes PBMCs were labeled with QuantiBRITE
beads suspension (T3), CD95-FITC (T2) or isotype control IgG1-FITC (T1) and CD3-PE as described in materials and methods. A: Histogram
showed the expression of CD95 on CD3+ cells. Solid histogram is isotype control. Bold line: CD95; B: Histogram showed the fluorescence
intensity of the mouse immunoglobulins G in T3; C: The standard curve was made by plot the MFI calibration values obtained from Figure 1B
on the X-axis and their corresponding number of mAb molecules on the Y-axis.

in transplanted recipients with AR than that in stable
recipients or healthy individuals (P<0.01). In contrast, the
levels of sCD95L in liver transplanted recipients were not
significantly different from that expressed in healthy
individuals (Table 1).
As concerns T lymphocyte subpopulations, no significant
differences were seen among each group with CD4/CD8
ratio and the percentage of CD16+56+ cells (Table 2).

Table 1 Levels of CD95 expression on CD3+cells (/molecule) and
levels of sCD95, sCD95L (pg/mL) in plasma from post-transplanted
AR group, post-transplanted stable group and healthy group
Post-transplanted Post-transplanted
stable group (n = 15) AR group (n = 15)

Healthy group
(n = 15)

CD95 (/molecule) 6 848.20±1 712.96b 18 676.93±11 588.34 6 418.01±2 001.95d
sCD95 (pg/mL)

201.37±30.30 b

391.88±196.00

148.83±58.25 d

sCD95L (pg/mL)

279.42±79.72

226.82±132.63

254.38±96.29

b

P<0.01 vs post-transplanted stable group; dP<0.01 vs health group.

Table 2 CD4/CD8 ratio, the percentage of CD16+56+ cells in posttransplanted AR group, post-transplanted stable group and healthy
group
Post-transplanted
stable group (n = 15)
CD4/CD8
CD16 +56 + (%)

Post-transplanted
AR group (n = 15)

Healthy group
(n = 15)

1.5±0.5

1.8±0.4

1.5±0.2

15.4±9.5

20.4±9.4

17.0±7.5

DISCUSSION
Acute rejection (AR) is a well-known complication of allograft
transplantation. T lymphocytes appear to be absolutely
required in this rejection process[16,17]. Fas (CD95) is expressed
in resting peripheral blood T cells and the Fas antigen as
well as the ligand (FasL, CD95L) are up-regulated following
T cell activation. Increased expression of FasL may activate
the cytotoxic pathway, leading to the graft damage by Fas
system activation and result in apoptosis.
The studies of Rivero et al[18], showed that up-regulated
expression of Fas antigen in liver tissue with liver rejection
but not in liver tissue without rejection, suggesting the

importance of the Fas system in the rejection of liver
grafts. Our studies, which focused on the peripheral blood
lymphocytes, showed that CD95 expression on CD3+ cells
did not have any significant difference between livertransplanted stable recipients without rejection and infection
and healthy individuals who did not undergo transplantation.
This result was similar to that of Renzo, who demonstrated
that Fas on CD3 + T cell and FasL mRNA expression in
PBMC have no significant difference between cardiactransplanted subjects and normal controls[19] . However,
when compared to the recipients with AR to the stable
recipients or healthy individuals, we found that the CD95
expression on CD3+ cells was significantly increased. This
increasing may have been caused by antigen stimulation.
Stimulation through the CD3-TCR complex up-regulates
CD95 expression and induces CD95L expression[20,21].
Through these cell surface molecules, activated T cells can
commit suicide through formation of CD95-CD95L
complexes[22,23]. Therefore, we suppose that because of the
higher CD95 expression, CD3+ T lymphocyte in AR patients
may undergo more apoptosis than that from stable recipients,
so that the spontaneous tolerance to the allograft may
develop. On the other hand, previous animal studies of
cardiac, renal and liver transplantation demonstrated that
FasL up-regulation in allografts in rejection condition[24,25].
Therefore, we cannot exclude that in AR patients, the CD95
higher expression T lymphocyte may infiltrate in the allograft
and induce apoptosis through formation of CD95-CD95L
complex, then accelerate the rejection process.
In the meantime, we determined the plasma levels of
sCD95 in liver- transplantation recipients. The sCD95 results
from the deletion of the transmembrane domain of CD95.
The levels of sCD95 were significantly increased in liver
transplanted recipients with AR compared to that in stable
recipients or healthy individuals. It has been speculated
that sCD95 may reflect the expression levels of Fas antigen
on tissue and the severity of inflammatory activity[26-30] .
Therefore, the sCD95 detected in the present samples might
be shedding from injured organs that express CD95. The
significant increase of sCD95 in AR recipients were strong
associated with the serum levels of total bilirubin, AST and
ALT (unpublished data), implying that the levels of sCD95
may reflect the graft damage, which could be useful when
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evaluating response to treatment. A previous study
demonstrated the expression of CD95L mRNA in kidneytransplanted grafts at AR[31]. However, in this study, plasma
levels of sCD95L in liver- transplanted recipients were not
significantly different from that in healthy individuals,
indicating that sCD95L might not contribute to AR.
Concomitant immunosuppression, which is routinely
administered in human transplantation cases, must also be
a main cause for no increasing the FasL expression in
rejection condition. Further, studies will be needed to
elucidate the role of sCD95L in chronic rejection.
T lymphocytes can be separated into two sub-sets based
on their expression of the CD4 and CD8 molecules on the
cell surface. There are contradictory opinions on the relative
contribution of CD4+ and CD8+ T cells to allograft rejection.
Some animal models indicate that there is an absolute
requirement for CD4+ T cells in allogeneic rejection, whereas
in others CD4-depleted mice reject certain types of
allografts[32] . Haskova et al used CD4- or CD8-deficient
knockout mice to investigate the role of T cell subsets in
allograft rejection. The results showed that CD4 + T cells
play a critical role in the rejection of corneal allografts,
whereas CD8+ T cells appear to be involved in the rejection
of skin allografts[33]. In our study, the CD4/CD8 ratio had
showed no significant difference among AR group, stable
group and healthy group. This finding is not compatible
with that of Sadeghi et al[34] who showed that T lymphocyte
sub-populations were lower in rejecting than in non-rejecting
patients after renal transplantation. This difference may
result from different organ allograft. Further studies will
be needed to better understand the role of CD4 and CD8
T lymphocyte in the allograft rejection.
Human natural killer (NK) cells are defined by their
ability to lyse target cells without prior sensitization and
without restriction by major histocompatibility (MHC)
antigens. It has been shown that these cells play an important
role in immune defenses, especially after hematopoietic
transplantation[35]. In our study, we demonstrated that the
percentage of CD16 +CD56 + cells did not change in AR
patients, implying that NK cells may not play an important
role in AR in liver transplantation or the immunosuppressive
therapy interfere with the generation of NK cells.
In conclusion, monitoring of CD95 on CD3 + T cells
and in plasma may provide an important clue to a better
understanding of the pathogenesis of liver graft rejection
and would be a helpful tool to develop new therapeutic
approaches for the prevention of AR by controlling the
CD95/CD95L signaling.
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Abstract
AIM: To study the expression of hypoxia-inducible factor
1 (HIF-1) and vascular endothelial growth factor (VEGF)
in hepatocellular carcinoma (HCC) and the impact on
neovascularization and survival.
METHODS: Expressions of HIF-1, VEGF and microvessel
density (MVD) are studied through immunohistochemistry
in 36 cases of HCC and the corresponding paraneoplastic
tissue and 6 cases of normal liver tissue. The relationship
of the expressions of HIF-1 and VEGF with the
clinicopathological data and survival are analyzed.
RESULTS: The positive rate of VEGF in HCC was 32/36,
which is significantly higher than that in paraneoplastic
tissue and normal liver tissue (P<0.05). The expression
of HIF-1 in HCC tissue is 24/36, also higher than that in
paraneoplastic tissue and normal liver tissue (P<0.05). The
expression of VEGF and HIF-1 in HCC with microscopic
venous invasion is significantly higher than that in HCC
without microscopic venous invasion (P<0.05). Spearman
correlation analysis does not only show the expression
of HIF-1 as correlated with the expression of VEGF
(rs = 0.459, P<0.01), but it also shows the expression of
HIF-1 and VEGF as correlated with MVD (rs = 0.412 and
0.336, respectively, P <0.05). The differences of the
survival rates among VEGF positive group and VEGF
negative group are significant (P<0.05), whereas the
differences of the survival rates among the HIF-1 negative
group and positive group are not significant (P>0.05).
CONCLUSION: HIF -1 plays important ro les in
neovascularization in HCC possibly through regulation of
VEGF transcription.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignancies in China. Owing to the improvement of
surgical technique and early diagnostic methods, the resection
rate of HCC has increased[1,2]. However, the postoperative
relapse and metastatic rate remains high[3]. Neovascularization
may play important roles in the relapse and metastasis of
HCC[4-6].
Hypoxia-inducible factor 1 (HIF-1) is a heterodimeric
transcriptional factor composed of the two basic-helix-loophelix (bHLH) -PAS  and  subunits[7,8] . HIF-1 is the
unique, O2-regulated subunit that determines HIF-1 activity.
A series of genes and proteins that may increase the survival
of tumor cells under hypoxia conditions, including vascular
endothelial growth factor (VEGF), insulin-like growth factor,
inducible nitric oxide synthase, platelet-derived endothelial
growth factor, glucose transporter 1, lactate dehydrogenase,
erythropoietin and nitric oxide synthase gene, are regulated
by HIF-1[9-12]. Thus, HIF-1 may play important roles in
tumor progression.
VEGF is a potent proangiogenic agents. There is a
specific binding site with HIF-1 in the initiating area of
VEGF genes[13-15]. Thus, HIF-1 may also be important in
the regulation of neovascularization of malignant tumors.
The objective of this clinical study is to investigate the
expression of HIF-1 and VEGF in HCC and the impacts
of the expressions of the two biomarkers on neovascularization
and survival in HCC.
MATERIALS AND METHODS
Patients
Thirty-six patients (32 men, 4 women) with HCC who underwent
hepatic resection between March 2000 and October 2001
are included in this retrospective study. The hepatitis B
surface antigens are positive in all HCC cases. None of the
patients received other therapy before the operation.
Median patient age, at time of surgery, is 45.9 (19-77) years.
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Paraneoplastic liver tissue is taken from non-cancerous tissue
1 cm away from the tumor margin. Six samples of normal
liver tissue are taken from the liver tissue around the hepatic
hemangioma. All the sections are re-evaluated and the
diagnosis are confirmed.
Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue specimens are
obtained. Serial 4 mol/L sections are prepared, and one is
stained with H&E. Sections are stained for HIF-1, VEGF
and CD34 based on streptavidin-biotin-horseradish
peroxidase complex formation as mentioned before[16]. In
brief, after deparaffinization and rehydration, endogenous
peroxidase is blocked with methanol containing 0.3%
hydrogen peroxide for 30 min. Slides are treated with target
retrieval solution. Primary antibodies include monoclonal
anti-HIF-1 antibody (clone H1alpha67; NEOMARKERS),
monoclonal anti-VEGF antibody (clone JH121;
NEOMARKERS) and monoclonal anti-CD34 antibody
(clone QBEnd/10; NEOMARKERS). The peroxidase
reaction is developed, using diaminobenzidine and the slides
used are washed and mounted in mountant. Nuclei are lightly
counterstained with hematoxylin. Negative controls are
performed using PBS instead of the MAb. Two investigators
(Bao-An Liu and Seng-Lin Chen) independently evaluate
the immunohistochemistry. The immunohistochemical
results for HIF-1 and VEGF are classified as follows: -,
no staining; +, weak staining; ++, strong staining.
Microvessel density, assessed by immunostaining for CD34,
is determined according to Weidner[17]: the immunostained
sections are scanned at low magnification (×40), and the
tumor area with the highest density of distinctly highlighted
microvessels (‘hot spot’) is selected. Microvessel density then
is determined in the hot spot by counting all vessels at a
total magnification of ×200. Each stained lumen is regarded
as a single CD34 positive cell is visible, this cell is also
interpreted as representing a microvessel.
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However, among the 36 sections of paraneoplastic tissue,
all but 2 sections with weakly positive stain of HIF-1 are
negative and all the 6 sections of normal liver tissue are
negative. The expressions of HIF-1 in the bile duct and
the vessels are negative. The expression of HIF-1 in the
HCC tissue is statistically significantly higher than that in
the paraneoplastic tissue and normal liver tissue (P<0.01).

Figure 1 A specimen of HCC with strong expression of HIF-1.
Immunohistochemistry, original magnification, ×400.

Expression of VEGF
The positive staining of VEGF is located in the cytoplasma
(Figure 2). The positive rate of VEGF in HCC is 32/36,
including 16 strongly positive and 16 weakly positive. Among
36 sections of paraneoplastic tissue, all but 6 sections with
weakly positive staining of VEGF are negative and all the 6
sections of normal liver tissue are negative. The expression
of VEGF in the HCC tissue is statistically significantly higher
than that in the paraneoplastic tissue and normal liver tissue
(P<0.05).

Follow-up
Survival are calculated from the date of operation. Followup is performed through letter and telephone. Median
duration of follow-up is 300 d (60-960 d). Follow-up rate is
91.6% (33/36).
Statistical analysis
Mann-Whitney test and Spearman coefficient of correlation
are used as appropriate. Survival curves are calculated using
Kaplan-Meier estimates and differences among groups are
tested by log rank test. For all tests, a P value of less than or
equal to 0.05 is considered as significant. All statistics are
calculated through SPSS 10.0 software.

RESULTS
Expression of HIF-1
There are no positive staining in negative control. The
positive staining is located in the cytoplasma and/or the
nucleus (Figure 1). There are 24 sections with positive
staining of HIF-1, including 3 strongly positive sections
and 21 weakly positive, among the 36 sections of HCC.

Figure 2 A specimen of HCC with strong expression of VEGF.
Immunohistochemistry, original magnification, ×400.

Association of HIF-1  and VEGF expression with
clinicopathological data
Significant association is only found between HIF-1
and VEGF expression and microscopic venous invasion
(P<0.05), among the 5 clinicopathological data including
serum alpha fetoprotein concentration, cirrhosis, Edmondson
grading, tumor size and microscopic venous invasion

Huang GW et al. Expression of HIF-1 and VEGF in hepatocellular carcinoma

Table 1 Association between expression of HIF-1 and VEGF with
clinicopathological data in HCC
HIF-1

1.0

VEGF

n
+

-

+

2
10

12
12

2
2

12
20

10
2

15
9

4
0

21
11

>0.05

2
10

10
14

1
3

11
21

>0.05

3
9

6
18

1
3

8
24

3
9

21
3

1
3

23
9

0.8
0.6
0.4

HIF-1 negative
HIF-1 positive

0.2
0.0

P
-

-0.2
0

200 400
600
800
Time since surgery (d)

1 000

>0.05

Figure 4 Overall survival curve of patients with different expression of HIF-1.

1.2

>0.05

<0.05

1.0
Overall survival

AFP concentration (ng/mL)
≤50
14
>50
22
Cirrhosis
With
25
Without
11
Edmondson grading
I–II
12
III–IV
24
Tumor size (mm)
≤50
9
>50
27
Microscopic venous invasion
With
24
Without
12

1.2
Overall survival

(Table 1). The expression of HIF-1 or VEGF in HCC with
microscopic venous invasion are significantly higher than
those in HCC without microscopic venous invasion (P<0.05).
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VEGF negative

0.8
0.6
0.4

VEGF positive

0.2
0.0

Association of HIF-1  and VEGF expression with
neovascularization
CD34 expression is positive in 33 cases of HCC (Figure 3).
Spearman correlation analysis does not only show the
expression of HIF-1 as correlated with the expression of
VEGF (rs = 0.459, P<0.01), but also shows the expressions
of HIF-1 and VEGF as correlated with that of CD34
(rs = 0.412 and 0.336, respectively, P<0.05).

Figure 3 A specimen of HCC with strong expression of CD34.
Immunohistochemistry, original magnification, ×100.

Survival analysis
The overall 1, 2-year survival rates of the 36 patients are
52.5% and 28.9%. The 1, 2-year survival rates are 70.7%
and 48.0% in HIF-1 negative HCC group, 43.4% and
14.9% in HIF-1 positive group. Log rank test shows
the differences among the two groups are not significant
(P = 0.10, Figure 4).
The 1, 2-year survival rates are both 75.0% in VEGF
negative HCC group, 49.2% and 14.5% in VEGF positive
group. Log rank test shows the differences among the three
group are significant (P<0.05, Figure 5).

-0.2
0

200 400
600
800
Time since surgery (d)

1 000

Figure 5 Overall survival curve of patients with different expression of VEGF.

DISCUSSION
The rate of respectability of HCC has risen and the 5-year
survival rate has improved[1-3]. However, the postoperative
relapse rate of HCC remains higher, which becomes one
of the main obstacles to improve the survival rate. The
molecular mechanisms of the relapse and metastasis of
HCC are thus of interest. Neovascularization is one of the
key steps[4-6]. HIF-1 is thought to be involved in the
regulation of neovascularization in malignancies. The
purpose of this study is to determine whether the expression
of HIF-1 increases in HCC tissue and the impacts of
HIF-1 expression on neovascularization and survival.
Most studies about the effects of HIF-1 on the
neovascularization in malignancies have used in vitro or animal
models. It has been confirmed that in many cancer cell
lines, hypoxia can induce the expression of some
proangiogenic factors, including VEGF, insulin-like growth
factor, platelet-derived endothelial growth factor, through
HIF-1-dependent manner. It has also been proven through
the method of gene knockout that the loss of HIF-1
may significantly suppress the growth of tumors including
glioblastoma and malignant teratoma and most importantly
decrease the neovascularization of those malignancies[18,19].
HIF-1 is also proven to highly express in many kinds
of malignancies, such as stomach, colon, breast, thyroid,
pancreas, ovary, lung and otopharyngeal cancer [11,20-23].
Zhong et al[11] and Talks et al[20] have studied the expression
of HIF-1 in 8 cases and 5 cases of HCC tissue using
immunohistochemistry. The results show that 2 cases out
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of 13 have positive HIF-1 expression. However, it is
evident that the amount of the samples in the two studies is
too small to conclude. In the current study, the expression
of HIF-1 in 36 cases of HCC are studied through
immunohistochemistry and the positive rate is 24/36, higher
than that in paraneoplastic liver tissue and normal liver
tissue. Also, we demonstrate for the first time to our
knowledge that the expression of HIF-1 in HCC does
not only have relationship with that of VEGF, but also
with that of MVD and microvenous invasion. Thus, this
clinical study has supported that HIF-1 may play pivotal
role in the neovascularization in HCC through regulation
of VEGF expression. Our findings are consistent with some
previous reports in other cancers, such as ovarian cancer[21],
ductal carcinomas in situ[22] , non-small cell lung cancer [23]
and supratentorial pure oligodendrogliomas[24].
In the present study, we find no significant difference in
survival among HIF-1 negative group and positive group.
However, overexpression of HIF-1 is demonstrated to
be an independent prognostic factor by univariate and
multivariate analysis in some malignancies, such as earlystage invasive cervical cancer[12], non-small cell lung cancer[23],
oligodendroglioma[24] and oropharyngeal cancer[25]. Thus to
definitely clarify possible differences in survival in HCC,
larger scale studies will be needed.
We conclude that overexpression of HIF-1 protein is
associated with neovascularization in HCC, possibly through
regulation of VEGF transcription.
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Abstract
AIM: To find suitable solutions having lesser granules and
keeping erythrocytes in normal shapes under atomic force
microscopy (AFM).
METHODS: Eight kinds of solutions, 1% formaldehyde,
PBS buffer (pH7.2), citrate buffer (pH6.0), 0.9% NaCl,
5% dextrose, TAE, 1640 medium and 5% EDTA-K2, were
selected from commonly used laboratory solutions, and
venous blood from a healthy human volunteer was drawn
and anticoagulated with EDTA-K2. Before scanned by AFM
(NanoScopeIIIa SPM, Digital Instruments, Santa Barbara,
CA), a kind of intermixture was deposited on freshly
cleaved mica and then dried in the constant temperature
cabinet (37 ℃).
RESULTS: One percent formaldehyde, citrate buffer, 5%
dextrose, TAE, were found to keep human erythrocytes
in normal shape with few particles. Processed by these
solutions, fine structures of human erythrocyte membrane
were obtained.
CONCLUSION: One percent formaldehyde, citrate buffer,
5% dextrose and TAE may be applied to dispose
erythrocytes in AFM. The results may offer meaningful
data for clinical diagnosis of blood by AFM.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Human beings have experienced three revolutions in the
observation of cells. Since 1665, when the first light
microscopy was invented, the revolution of this kind of
instruments has seen great improvements. But with the
limitation of the wavelength of visible light, smaller
structures of cells cannot be observed.
In the 20th century, with the development of electronics,
electron microscope emerged. Though organelles could be
detected under electron microscope, the samples often
required special treatment, such as coating, staining and
drying in vacuum. Due to these complicated preparation
steps, surface information ran a risk of artifacts.
In 1986 the invention of atomic force microscopy
(AFM) [1] provided a great source of information the
detection of cell structures and this was a turning point. In
principle, the AFM images are generated by moving a tip
attached to a soft cantilever over the sample surface while
recording its deflections as change of position. With atomic
resolution and simple sample preparation, since the invention
of atomic force microscopy (AFM) in 1986, AFM has been
applied to many fields, such as physics, chemistry, biology
and mechanics[2-4]. However, the application of AFM in
medicine especially in clinical diagnosis is far from being
developed. To dispose human cells with suitable solutions
AFM is necessary in clinical diagnosis. The aim of this
experiment was to find suitable solutions, which could easily
be obtained, having lesser granules and keeping erythrocyte
in normal shapes, under AFM. Here, eight kinds of
laboratory’s common solutions were selected to dilute human
erythrocytes from which we found four of them were
suitable for the observation of erythrocytes under AFM.
These four kinds of solutions kept human erythrocytes in
normal shape and had few particles. Processed by these
solutions, fine structures of membranes of human
erythrocytes were also scanned.
MATERIALS AND METHODS
Sample preparation
The experiment had two parts. In the first part, eight kinds
of solutions were selected from commonly used laboratory
solutions. They were 1% for maldehyde, PBS buffer
(pH7.2), citrate buffer (pH6.0), 0.9% NaCl, 5% dextrose,
TAE, 1640 medium and 5% EDTA-K 2. These solutions
were separately deposited on freshly cleaved mica and
then dried in a constant temperature cabinet (37 ℃) for
AFM observation. In the second part, venous blood from
a healthy human volunteer was drawn and anticoagulated
with EDTA-K2 Then normal human blood was mixed with
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the solutions separately and stored in a refrigerator (4 ℃).
Before scanning by AFM, a kind of intermixture was
deposited on freshly cleaved mica, then dried in the constant
temperature cabinet (37 ℃).
Atomic force microscope
AFM (NanoScope IIIa SPM, Digital Instruments, Santa
Barbara, CA) was placed on an air-supported anti-vibration
table. In the first part, commercially available contact mode
cantilevers were used (Digital Instruments). Ten areas of
each kind of solutions were obtained with scan area 50 m
×50 m and scan rate 1 Hz. In the second part, commercially
available tapping mode cantilevers were used (Digital
Instruments). Five areas of each sample were scanned. Each
area was observed with a scan size of 30 m, erythrocyte
and 1 m as well as 0.5 m (0.5 m area was the
magnification of 1 m area) in both periphery and middle
of membranes of erythrocytes. Scan rate was 0.5-1.5 Hz.

RESULTS
Visualization of eight kinds of solutions
In daily clinical pathological diagnosis with light microscope
and electron microscope, it is very important to observe
human cells. We tried to apply AFM for pathological
diagnosis. Thus the observation of human cells was
necessary. But in most cases human cells should be disposed
by solutions. Therefore, the solutions, which have less
granules [5] and could keep cells in normal shapes and
diameters, were required. We selected eight kinds of
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solutions, which were commonly used in laboratory to be
observed by AFM.
A few of irregular granules were scanned in 1%
formaldehyde with sizes of 0.5-2 m. Several irregular
granules were scanned in citrate buffer with sizes of 0.5-3 m.
Some irregular granules were scanned in 5% dextrose with
sizes of 0.5-4 m (Figure 1). A few of irregular granules
were scanned in TAE with sizes of 0.6-7 m. Several
irregular granules were scanned in 5% EDTA-K2 with sizes
of 0.5-4 m. A lot of granules were observed in PBS buffer
with four kinds of shapes; finely branched granules with a
size of 6 m (Figure 2), bulkily branched ones with a size
of 10 m, cross ones with sizes of 3-6 m and irregular
ones with sizes of 0.3-1.5 m. Many granules were also
found in 0.9% NaCl with four kinds of shapes; butterfly
granules with sizes of 0.3-7 m, branched ones with sizes
of 8-20 m, diamond-shaped ones with a size of 24 m
and irregular ones with sizes of 0.4-10 m. A lot of snowshaped granules were observed in 1 640 medium.
From the above data, 1% formaldehyde, citrate buffer,
5% dextrose, TAE and 5% EDTA-K2 had a few granules.
These five solutions may be applied to further observations.
Visualization of intermixtures of eight kinds of solutions and
human blood
To further select the suitable solutions, which could be
applied to dispose human cells for AFM observation, these
eight kinds of solutions were mixed with human blood. In
samples of 1% formaldehyde with blood, citrate buffer
with blood, 5% dextrose with blood, and TAE with blood,
the following were found; firstly, few granules existed in
images; secondly, human erythrocytes were bi-concave with
diameters from 7 to 8 m (normal diameters of human
erythrocytes is 7 to 8.5 m); thirdly, fine structures of
human erythrocyte membranes featured with the shape of
pores (15-100 nm) and protrusions (15-100 nm), the
protrusions were around the pores, and the protrusions and
the pores were in a waffle-like pattern (Figure 3). In terms
of sizes and arrangements of pores and protrusions, there
were no differences between the periphery and the middle
of erythrocyte membranes. However, in samples of PBS
buffer with blood (Figure 4), 0.9% NaCl with blood, 1 640
medium with blood, and 5% EDTA-K2 with blood, a lot of

Figure 1 Some irregular granules were scanned in 5% dextrose.
Scan size was 50 m.

Figure 2 Finely branched granules were observed in PBS buffer.
Scan size was 50 m.

Figure 3 Fine structures of human erythrocyte membranes featured with the shape of pores and protrusions. The erythrocyte was
mixed with 5% dextrose. Scan size was 500 nm.

Ji XL et al. Normal human erythrocytes

Figure 4 Fine structures of human erythrocyte membranes is shown.
The erythrocyte was mixed with PBS buffer. A lot of granules existed
in the image. Scan size was 500 nm.

granules existed in images, which were interferences in the
observation. So these four solutions were abandoned.
Human blood was also mixed separately with 5%
formaldehyde, 3% glutaraldehyde and Tris buffer (0.05 mol/L,
pH7.2). In 5% formaldehyde, the diameters of human
erythrocytes were about 6 m, which were smaller than
normal ones. Three percent glutaraldehyde did not make
the erythrocytes scatter evenly, and at the same time this
kind of solution is poisonous. Tris buffer was mixed with
human blood with the phenomena of hemolysis. Thus 5%
formaldehyde, 3% glutaraldehyde and Tris buffer were also
abandoned. From the above, 1% formaldehyde, citrate
buffer, 5% dextrose and TAE are suitable for observation
of human erythrocytes under AFM.

DISCUSSION
The lipid-globular protein mosaic model (LGPM) was
developed by Singer and Nicolson in 1972[6]. They introduced
that integral proteins and peripheral proteins are associated
with lipid bilayer membranes. The pores and the protrusions
observed in fine structures of human erythrocyte membranes
might reflect the LGPM model.
As is known, there are several forms of transmembrane
transport. In facilitated diffusion, substances with little
solubility are transferred by special proteins. There are two
types of facilitated diffusion. The first one is conducted by
carriers which take dextroses, amino acids and mesostates
through. The second one is carried out by channels, which
let Na+, K+, Ca2+, Cl- through. The pores and the protrusions
obser ved in fine structures of human erythrocyte
membranes might be these special proteins of facilitated
diffusion especially the pores were very similar with the
channels. In active transport, the most famous is Na+ -K +
pumps, which are special proteins embedded in membrane
lipid bilayers. This kind of pumps transfers Na+ and K +
with consumption of ATP. With the methods of molecular
biology, it is found that Na+-K + pump is made up of 
subunit and subunit. The pores and the protrusions
obser ved in fine structures of human erythrocyte
membranes might be Na+-K+ pumps.
Receptors are very important in membranes, which are
associated with many kinds of functions. In the surface of
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erythrocytes, there exist blood group antigens. The fine
structures of human erythrocyte membranes probably
contained receptors, for example, transferrin, and blood
group antigens.
In terms of transmembrane signaling, voltage-gated
channel especially Na+ channels have been well studied. Na+
channels consist of three subunits - peptide chain,  1
peptide chain and 2 peptide chain, while their functions are
really done by peptide chain. subunit contains four
similar domains, and each domain has six transmembrane
-spirals, which are made up of hydrophobic amino acids.
These four domains and hydrophobic -spirals form a
channel-like structure. When transmembrane potential is
changed, these -spirals move their sites because of their
own electron charges; therefore, the “gates” of channels
are opened. Other studies suggest that the second and the
third -spirals form the “inner wall” of the channel. The
channel features are consistent with what had been observed
in fine structures of human erythrocyte membranes.
Many kinds of diseases are pathological changes of
proteins, which are difficult to be detected by light
microscopy and electron microscopy. However, with the
advantage of high resolution, the emergence of AFM makes
it easy. By AFM the lesions of proteins could be distinctly
observed. Therefore, AFM will be a very important
instrument in daily diagnosis. Notwithstanding some methods
of disposing erythrocytes[7-9], which are complicated and
many of them follow the ways of electron microscope, in
this experiment, a new way of disposing human cells was
found for pathological diagnosis with AFM. Four kinds of
suitable solutions were selected and the fine structures of
human erythrocyte membranes observed might form the
basis of further studies and diagnosis.
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Abstract
AIM: Urea breath test (UBT) is a non-invasive diagnostic test
for detecting the presence of Helicobacter pylori (H pylori).
In this study we evaluated the effect of anti-tuberculosis
therapy on the results of 14C-UBT.
METHODS: Patients, with the diagnosis of tuberculosis
(TB) who had a positive UBT at the point of starting antiTB therapy, were included. None had a history of peptic
ulcer disease or had taken antibiotics, bismuth compounds
and/or PPI in the previous month. 14C-UBT was repeated
at the end of the second month and the end of treatment
period and one month after completion of treatment course.
RESULTS: Thirty-five patients (23 males) were enrolled.
14C-UBT was negative in all 35 patients (100%) at the
end of the second month and remained negative in 30
cases (85.7%) at the end of the treatment course. One
month after completion of treatment course, UBT
remained negative in 13 patients (37.1%).
CONCLUSION: Our report underscores the need for
caution while interpreting urea breath test results in
patients undergoing anti-TB therapy. Furthermore, the
combination of drugs used in this study resulted in H pylori
eradication in a minority of patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is the most renowned factor
among peptic ulcer risk factors[1]. Eradication of this germ
has contributed to a significant reduction in the peptic ulcer
prevalence[2-5]. Several drug regimens have been introduced
for H pylori eradication[6,7]. Urea Breath Test (UBT) is currently
the standard means of determining H pylori eradication.
Some drugs, including antibiotics are known to lower the
accuracy of this test. In the present study, we evaluated
specifically the effect of a four-agent anti-tuberculosis
therapy on the results of 14 C-UBT in a group of patients
with tuberculosis and positive baseline UBT.
MATERIALS AND METHODS
All patients referred to Amir-Alam General Hospital from
January 2002 to December 2003 with a diagnosis of
tuberculosis (TB) were evaluated. TB had been documented
based on clinical and laboratory findings and anti-tuberculosis
treatment was ordered for all of them. Patients with a history
of documented peptic ulcer before treatment or using
Bismuth, proton pump inhibitors (PPIs), H2 blocker agents
or antibiotics in the month before were excluded from the
study. None of the enrolled patients had ever been treated
for H pylori eradication or undergone gastric resection. UBT
test was done for all patients at the time of starting anti-TB
therapy and patients with positive tests were enrolled. The
anti-TB regimen in all patients consisted of Isoniazid,
Rifampicin, Ethambutol and Pyrazinamide for two months,
after which the latter two drugs were stopped and the
treatment was carried on with Isoniazid/Rifampicin until
the end of the treatment course. Cases of spinal tuberculosis
were planned for a 12-mo course of therapy, whereas a 6-mo
course was considered for other types of tuberculous organ
involvement.
14
C-UBT was repeated three times for every enrolled patient:
(1) at 2 mo (time of stopping Ethambutol/Pyrazinamide); (2)
end of treatment course (mo 12 for spinal TB cases); (3)
one month after completion of the anti-TB treatment course.
The tests were all performed in the Nuclear Medicine
Laboratory, Shariati Hospital, Tehran University of Medical
Sciences, by a single team of specialized staff. Each overnight
fasting patient was given 1 Ci (37 kBq) of 14C-urea
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dissolved in 250 mL water, after thorough brushing. Breath
samples were collected once before ingestion of the tracer
and subsequently at 15 min after ingestion. The breath
samples were trapped in 1 mmoL ethanolic hyamine
hydroxide in 10 mL toluene-based scintillation fluid. Carbon14 content was measured in disintegration per minute
(DPM) mode using a liquid beta-scintillation counter. A cutoff value of 200 was set for the positive test result.
Intermediate test result was defined as 50-200 DPM, and
test results of <50 DPM were considered negative.

RESULTS
During the study period, 44 patients with a definite diagnosis
of tuberculous infection were planned for anti-TB therapy.
Three patients revealed a history of antibiotic therapy during
the month before and were therefore excluded. Six more
patients had negative or intermediate UBT results and were
also excluded. Thirty-five patients including 23 males (age
17-55 years; mean age: 38.5) and 12 females (age 16-39 years;
mean age: 24) were eligible for the study. Among the enrolled
patients there were 12 pulmonary and 23 extra-pulmonary
cases of TB including 5 patients with a diagnosis of vertebral
tuberculous osteomyelitis (Table 1). None were critically ill
or under treatment with immunosuppressive drugs.
At the end of the second month of therapy, UBT became
negative in all 35 patients (100%). The test results at the
end of the treatment course were still negative in 30 cases
(85.7%). One month after completion of anti-tuberculosis
therapy, UBT turned positive in 17 of 30 patients, so 22
patients (62.9%) had positive results at this point, and the
test remained negative in 13 patients (37.1%, Table 2).
DISCUSSION
H pylori is a slow-growing, microaerophilic, gram-negative
bacterium, whose most striking biochemical characteristic
is the abundant production of urease. This bacterium
colonizes gastric mucosa and elicits both inflammatory and

Table 1 Patient characteristics
Gender

Age (yr)
Type of infection

Male

23 (65.7%)

Female

12 (34.3%)

Total

35

Male

17-55 (38.5±11.2)

Female

16-39 (24.0±8.6)

Pulmonary TB
TB adenitis

14

9

TB enteritis

5

TB osteomyelitis (vertebra)

5

Meningeal TB

2

Peritoneal TB

2

Total

Table 2

12

35
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immune lifelong responses, with release of various bacterial
and host-dependent cytotoxic substances[8]. H pylori eradication
can be established reliably by histology, rapid urease testing
and the urea breath test (UBT). The UBT uses labeled urea
(13C or 14C) that, in the presence of H pylori, is metabolized
by urease to yield CO2. The labeled gas is absorbed across
the gastric mucosa and subsequently measured in the
patient’s expired breath.
Analysis of the results reported in studies in which urea
breath-tests were evaluated against an accepted gold
standard, confirms the great accuracy (sensitivity 97%;
specificity 95%) of this technique[9].
There is general consensus[10-13] regarding the adverse
effect of proton pump inhibitors (PPIs) on the UBT (false
negative results range from 17% to 61%). Moreover,
antibiotics and bismuth compounds reduce H pylori load
such that infection may be undetectable. Thus, urea breathtests should not be performed within 4 wk of receiving
such drugs, whether given specifically to treat the infection
or not[14].
In 1992, Mitchell found that a history of pulmonary
TB might be associated with an increased prevalence of
H pylori infection[15]. More recently, Woeltje assessed the
prevalence of tuberculin skin test (TST) positivity in a cohort
of 346 newly hospitalized patients. A history of peptic ulcer
disease was one of the identified risk factors for a positive
TST test (odds ratio: 4.53, P = 0.017)[16]. Increased risk of
TB for persons with a history of peptic ulcer disease has
also been reported[17]. H pylori is seen in high prevalence in
some populations around the world[18] especially in regions
having lower socioeconomic status[19-21]. The same is true for
the distribution of tuberculosis which is, to a great extent,
clustered in some developing countries[22]. Rationally, there
seems to exist a population of considerable size, potentially
exposed to both microorganisms.
In-vitro studies of Rifampicin and Streptomycin, two
drugs commonly used in anti-tuberculosis regimens have
suggested the efficacy of these agents against H pylori[23-25]
and a decrease in H pylori seroprevalence during anti-tuberculosis
therapy has been reported[26]. There is no report of using
Rifampicin in H pylori eradication regimens but recently Rifabutin
from the same family of agents has been implemented as
rescue therapy against resident species in combination with
Pantoprazole and Amoxicillin[27]. Isoniazid is used in treating
mycobacterial species and acts via inhibiting mycolic acid
synthesis. There is no report so far of the efficacy of this
agent on non-mycobacterial microorganisms[28].
To our knowledge, there has been no specific report of
the effect of anti-tuberculosis therapy on the accuracy of
UBT. Our report shows that anti-TB therapy causes negative
UBT results in a considerable fraction of patients, and so
underscores the need for caution while interpreting urea
breath test results in patients undergoing anti-TB therapy.

C-urea breath test results among 35 patients during the course of anti-tuberculosis therapy
Baseline

End of 2nd mo of therapy

End of treatment course

One month after completion on therapy

Positive (%)

35 (100)

0 (0)

4 (11.4)

22 (62.9)

Negative (%)

0 (0)

35 (100)

30 (85.7)

13 (37.1)
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Furthermore, the combination of drugs used in this study
resulted in H pylori eradication in a minority of patients.
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Abstract
AIM: To investigate whether there was a dominant sacral
root for the motive function of rectum and anal sphincter,
and to provide an experimental basis for sacral root
electrically stimulated defecation in spinal cord injuries.
METHODS: Eleven spinal cord injured mongrel dogs were
included in the study. After L4-L7 laminectomy, the bilateral
L7-S3 roots were electrostimulated separately and rectal
and sphincter pressure were recorded synchronously. Four
animals were implanted electrodes on bilateral S2 roots.
RESULTS: For rectal motorial innervation, S2 was the
most dominant (mean 15.2 kPa, 37.7% of total pressure),
S1 (11.3 kPa, 27.6%) and S3 (10.9 kPa, 26.7%) contributed
to a smaller part. For external anal sphincter, S3 (mean
17.2 kPa, 33.7%) was the most dominant, S2 (16.2 kPa,
31.6%) and S1 (14.3 kPa, 27.9%) contributed to a lesser
but still a significant part. Above 85% L7 roots provided
some functional contribution to rectum and anal sphincter.
For both rectum and sphincter, the right sacral roots provided
more contribution than the left roots. Postoperatively, the
4 dogs had electrically stimulated defecation and micturition
under the control of the neuroprosthetic device.
CONCLUSION: S2 root is the most dominant contributor
to rectal pressure in dogs. Stimulation of bilateral S2 with
implanted electrodes contributes to good micturition and
defecation in dogs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Spinal cord injuries often occur in fairly young people, who
have the prospect of an almost normal life expectancy but
a considerably impaired quality of life. These patients not
only experience severe dysfunction of voluntary movement
of limbs but also have impaired pelvic organ functions such
as bladder, bowel, and sex[1].
Urinary problems in patients with spinal cord injuries
have been extensively studied, and with the advent of
intermittent catheterization (CIC), electrical stimulation of
the bladder, and advances in diagnostic techniques,
considerable improvements have been made in strengthening
the lower urinary tract and renal function. In contrast, the
management of bowel disorders has remained essentially
unchanged in the past three decades[2-4].
One of the most distressing aspects of spinal cord injury
is not able to regulate bowel function. Patients with complete
supraconal lesions lose conscious control of defecation.
Although they may be able to defecate reflexly by anorectal
stimulation, evacuation is often inefficient and incomplete,
resulting in a high incidence of constipation[5-8].
The first Finetech-Brindley’s sacral anterior root
stimulator (SARS)[9,10] was implanted in a patient with spinal
cord injury in 1976. Since then, the device has been
implanted in about 2 000 patients suffering from complete
supraconal spinal cord injury (SCI) with intact bladder
innervation to induce urine evacuation[11] . The stimulator
was initially developed to improve bladder emptying, but as
the parasympathetic and somatic nerves that supply the
distal colon, anorectum, and anal sphincter are all derived
from the same sacral spinal roots that are used for electrical
micturition, it seems likely that the device can also be used
to induce defecation in paraplegic patients.
Several authors [12-15] have reported the clinical and
manometric results of the implanted neuroprosthesis.
However, experimental studies concerning electrically
stimulated defecation are fen[15]. In the present study, we
reported a procedure that could allow selective sacral
anterior root stimulation by application of electrodes to
achieve controlled rectal evacuation.
MATERIALS AND METHODS
Animals
Eleven adult male mongrel dogs, weighing 12±2.5 kg
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(range, 10-15 kg), were used in this study. The animals were
kept in cages for 1 wk prior to the study.
The dogs were with diazepam at a dose of 0.4 mg/kg
body weight (bw). They were anesthetized with intravenous
sodium pentobarbital at a dose of 25 mg/kg bw with a
bolus injection of 15-20 mg/h to maintain adequate
anesthesia with spontaneous respiration. Intravenous
infusion of normal saline solution was given at a dose of
15-20 mL/kg bw per hour. All animals were administered
antibiotics (penicillin) peri-operatively.
Surgical techniques
With the animal lying prone, the back was shaved and
prepped with betadine solution. A supraconal spinal cord
transection was made at the T10 vertebral level. Then L5-S2
laminectomy was performed. L7 and S1-3 nerve roots were
exposed extradurally. They were identified anatomically and
by specific motoric responses on stimulation using a bipolar
hook electrode. Nerve stimulation was given using 5 to 10
trains of constant current square pulses (200 s’, 2.0 mA)
delivered at a rate of 50 Hz using electromyography
(Cantata-2 000, Dantec, Denmark). Then the dura mater
was opened in posterior midline and retracted with 3-0 silks
to allow access to the conus medullaris and the cauda equina.
The intradural L7-S3 roots were confirmed by their
corresponding extradural roots that passed through the dura
cuff[17]. By meticulous microsurgical dissection, each anterior
and posterior root of L7-S3 on each side was identified and
separated. Then the posterior components of sacral roots
were cut and a segment of 5 mm was removed to get sacral
deafferentation.
Manometric studies
A 10F catheter was introduced into the rectum and anal
canal. One balloon-ended catheter was introduced into the
rectum up to 5-7 cm from the anal orifice. The ballooncatheter was filled with 50 mL of water and connected to a
strain gauge pressure transducer (D3-manometrics, Medic
Instrument Con., Hefei, China). Another catheter was
introduced into the rectal neck (anal canal) up to 2-3 cm
from the anal orifice and was also connected to another
pressure transducer of the manometer. With individual root
stimulated, rectal pressure and anal pressure were recorded
simultaneously by the D3-manometer.
Balloon expulsion test
The test was performed with S2 root stimulation. By
manually flow-out of the filled water, the volume of rectum
balloon was diminished to 10 mL, which represented
simulated stools[16].
Implantation of sacral anterior root stimulator
The stimulator (Tc-2 000 electrodes of bladder controller)
was provided by Shanghai Tongji University[18]. The device
consists of three components: the implantation part, the
external control part and the testing block. The implantation
part is composed of two electrodes, a connecting cable and
a magnetic receiver-stimulator. The external control part is
composed of a control box, a cable and a magnetic
transmitter. The testing block was used to monitor whether
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the transmitter worked well or not.
In four animals, Tc-2 000 electrodes of bladder controller
were implanted and trapped bilaterally to S2 nerve roots in
sacral canal. The magnetic receiver-stimulator was implanted
beside the sacral incision via a subcutaneous tunnel. The
implanted components were fixed by suturing to sacral
periosteum and subcutaneous tissue.
After operation, these four dogs were stimulated 4 times
daily by the external transmitter, with an interval of 5 burston and 10 burst-off, at a frequency of 36 Hz and an intensity
of 12 V.

RESULTS
Animal survival
The animals survived 17-41 d (average 23 d) postoperatively.
No complications were encountered during the test. Electrodes
did not migrate or break. All 11 dogs were evaluate during
the operation and all 4 dogs with implanted electrodes were
evaluate the operation.
Efficacy of differential sacral root innervation
With differential nerve root stimulation during operation,
rectum and anal pressure elevated significantly as compared
with the silent rest values (mean, 3.3 kPa in this group). For
rectal innervation, S2 was the most dominant (mean 15.2 kPa,
37.7% of total pressure), S1 (11.3 kPa, 27.6%) and S3
(10.9 kPa, 26.7%) contributed to a smaller part (S2>S1>S3).
For sphincter, S3 (mean 17.2 kPa, 33.7%) was the most
dominant, S2 (16.2 kPa, 31.6%) and S1 (14.3 kPa, 27.9%)
contributed to a lesser but still a significant part (S3>S2>S1)
(Figure 1). Although the efficacy of L7 root contribution
to pressure elevation in rectum (3.3 kPa, 8%) and anus
(3.5 kPa, 7.1%) was minimal, 85% of L7 roots (frequency)
provided some function to rectum and anal sphincter. For
both rectum and sphincter, the right sacral roots seemed to
contribute more than the left ones.
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Figure 1 Efficacy of differential sacral root innervation to rectum
and anus determined by intra-operative nerve root stimulation and
pressure measurement. For rectum, the contribution was S2>S1>S3,
and for anus, the contribution was S3>S2>S1.

Balloon expulsion test
During electrical stimulation of S2 root, the rectal neck
(anal canal) pressure exceeded the rectal pressure, thus rectal
balloon expulsion did not occur. However, as the pressure
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of anal canal reduced more rapidly than that of the rectum,
rectal balloon expulsion occurred in all 11 dogs as a poststimulus defecation, which was similar to post-stimulus
voiding.
Neuroprosthetic controlled defecation
After paraplegia and electrode implantation and sacral
deafferentation, the bladder of animals was electrically
evacuated four times per day. During electrically stimulated
micturition, defecation occurred 2-3 times per day, providing
there were stools in the rectum. With electrical stimulation
of S2 nerve root, defecation was successful in all 4 dogs
(Figure 2). No lubrication or other bowel management was
needed for the dogs during their paraplegic life (mean,
23 years) after operation.

Stimulated
defecation

Figure 2 Electrically stimulated defecation in dogs controlled by
neuroprosthetic device.

DISCUSSION
Concomitant neuropathic bladder and bowel dysfunction
are common in patients with spinal cord injury[1-8]. Bladder
dysfunction in these patients is commonly attributable to
hyperreflexia and detrusor-sphincter dyssynergia. However,
constipation in these patients is commonly caused by fecal
stasis with colonic dilation[3-7]. Constipation causes substantial
morbidity, and is usually managed empirically with aids,
such as laxatives, suppositories, enemas or even digital
evacuation[3,4]. Indeed, fecal impaction is the most common
gastrointestinal complication sustained by the patients with
spinal cord injury[8]. The pathophysiology of this problem
is now better understood[19,20] . Menardo et al [21] , in 1987
demonstrated that the main site of stasis was in the left
colon and rectum following spinal cord injury.
Anatomically, dogs have seven pairs of lumbar roots
and three pairs of sacral roots. The innervations of rectal
detrusor and external anal sphincter (EAS) in dogs are
provided by the ventral roots of L7, S1, S2, and S3, which
originated from the sacral spinal cord parasympathetic and
somatic centers, respectively[17] . Our experimental study
demonstrated that only a pair of the most efficacious roots
(S2) was needed to produce electrically stimulated micturition
and defecation.
Since large diameter fibers (somatic motor) need a smaller
stimulus threshold for their excitation than small ones
(parasympathetic motor), activation of the small parasympathetic
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fibers (detrusor) is always accompanied with the activation
of the larger somatic ones (anal sphincter). Attempts to
empty the rectum by sacral ventral root stimulation have
always been hampered by concurrent contraction of the
anal sphincter, which far exceeds that of rectum. All dogs
in our study were unable to expel the rectum balloon at the
time of stimulation. However, the sacral anterior root
stimulator took the advantage of the differences in
biomechanical characteristics of the smooth (detrusor) and
striated muscles (EAS). The contraction and relaxation speed
of the striated muscles was faster than those of the smooth
ones. When bilateral S2 anterior roots were stimulated (the
posterior component was cut as deafferentation), the rectal
and anal pressures increased at the same time, and the
increasing amplitude of the anal pressure was remarkably
higher than that of the rectal pressure. Therefore, defecation
did not occur at this time. After stimulation was stopped,
the EAS relaxed instantaneously and the pressure decreased
rapidly to the baseline, but the rectal detrusor relaxed slowly,
this slow decay resulted in a period of rectum pressure
higher than the relaxed anal pressure. Thus, a positive rectoanal pressure difference developed, and defecation might
occur. The evacuation mode is called post-stimulus defecation,
similar to post-stimulus voiding in urinary system[10].
For human beings, the parasympathetic outflow to left
colon, rectum, and internal anal sphincter is supplied by
anterior sacral roots of S2, S3, and S4. These nerve roots
also innervate the external anal sphincter (EAS) via its
somatic contribution. Similar sacral nerve roots also
innervate bladder and its sphincter. Bladder control can be
successfully achieved by using Brindley’s anterior root
stimulator implant. Because most of these patients had
concomitant bowel dysfunction, its effect on bowel function
as defecation has been documented by Varma et al[12], in
1986, MacDonagh et al[13], in 1990, Binnie et al[14], in 1991, Chia
et al[15], in 1996 and Creasey et al[11], in 2001. The mechanism of
improvement in bowel function is attributed to the activation
of contraction of the terminal colon and rectum, resulting in
the movement of feces caudally into the anal canal. And this
further initiates reflex relaxation of the pelvic floor muscles[22].
A recent intraoperative electrical study in patients with
spinal cord injury demonstrated that, S3 root was the most
efficacious contributor (52.2% of total pressure), S4 was
the second but still significant efficacious one (44.9%), and
S2 was the last and the least contributor (2.9%)[23]. The S2
root is mainly related to sexual function, and probably serves
as a vital pathway for sensory feedback that is necessary
for proper function of the viscera, especially for penile
sensation, erection and ejaculation [24]. Based on this
experimental study, the authors would like to propose a
cheaper modification of Brindley’s sacral anterior root
stimulated micturition and defecation in Asians, i.e., using one
cable with two electrodes to trap on the bilateral S3-4 roots[25].
In conclusion, S2 root is the most dominant contributor
to rectal pressure in dogs. Stimulation of bilateral S2 with
implanted electrodes contributes to good micturition and
defecation in dogs.
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Abstract
Emphysematous gastritis (or phlegmonous gastritis) and
gastric emphysema (or gastric pneumatosis) are
variations of conditions associated with the presence of
intramural air in the stomach. The presence of air in the
gastric wall is a very rare clinical condition, associated
with bacterial infection, increased intragastric pressure
from gastric outlet obstruction, gastric mucosal disruption
or air dissection from the mediastinum. In adults, this
can occur in the setting of instrumentation-related injury,
gastric outlet obstruction by gastric, duodenal or
pancreatic malignancies or bowel ischemia. Here we
describe a case of gastric emphysema related to repeated
biliary stenting and partial duodenal obstruction in a
patient with inoperable periampullary cancer, and provide
the first description of the endoscopic ultrasonographic
findings of gastric emphysema in the literature. In our
case, endoscopic ultrasound showed a band of bright
echogenicity arising from the submucosa layer,
representing air in the gastric wall.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric emphysema or pneumatosis is a rare finding. It was
first described by Brouardel in 1895 and only 42 cases have
been described in the literature[1]. Although uncommon, the
radiologic[2], endoscopic[3], histologic[3], and percutaneous
ultrasound[4,5] findings of this condition are well described.
Since its development in the 1980s, endoscopic ultrasound[6-8]

has been used for evaluating various esophageal, gastric
and pancreatic-biliary diseases[9]. Here, we present the first
description of the endoscopic ultrasonographic appearance
of gastric emphysema.

CASE REPORT
An 87-year-old man presented to our gastroenterology ward
with jaundice, fever, and abdominal pain in January 2002.
He had been diagnosed with periampullary adenocarcinoma
in June 2001. The tumor was not resected due to his
advanced age and comorbid conditions; obstructive jaundice
was treated with repeated sessions of palliative endoscopic
biliary stenting. On admission, the patient appeared cachectic
and complained of some abdominal pain. Physical
examination was remarkable for scleral icterus, abdominal
distension and epigastric tenderness. His hemogram
showed mild anemia with a mildly elevated white cell count
of 11 300/mm3 (84% neutrophils). Total serum bilirubin
level was 1.54 mg/dL.
Abdominal ultrasonography revealed multiple- liver
metastases, pneumobilia and persistent air in the gastric wall
despite changing the patient’s position (Figure 1). Gastric
emphysema was suspected. Because of this, endoscopic
ultrasonography was performed using an Olympus
GFUM200 echoendoscope with Olympus EU-M20 system
(Olympus America Inc., Melville, NY). This showed a band
of bright echogenicity arising from the submucosa layer,
representing a large amount of gas in the gastric wall (Figure
2). Abdominal computerized tomography confirmed the
presence of air in the gastric wall, pneumobilia and multipleliver metastases (Figure 3). The mesenteric artery and vein
were both patent.
Nasogastric aspirate yielded coffee-ground material on
the third hospital day and prompting upper endoscopy
revealed diffuse erythema, edema, erosions and sloughing
of the mucosa throughout the stomach, without active
bleeding (Figure 4). There was also partial duodenal
obstruction by the periampullary cancer.
The patient was treated with acid suppression therapy
using intravenous omeprazole and the bleeding resolved.
The patient died 1 mo later from an episode of nosocomial
pneumonia and progressive liver failure. Gastric emphysema
was persistently detected throughout this period by serial
abdominal ultrasonography.
DISCUSSION
The presence of air in the gastric wall is a very rare condition.
Emphysematous gastritis (or phlegmonous gastritis) and
gastric emphysema (or gastric pneumatosis) are variations
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Figure 1 Abdominal sonography showing air in the gastric wall (arrow).
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Figure 3 Abdominal computerized tomography revealing multiple
liver metastases (white arrow), pneumobilia (thin arrow) and persistent air in the gastric wall (thick arrow).

Figure 2 Endoscopic ultrasonography showing a band of bright
echogenicity arising from the submucosal layer with shadowing
(arrow), representing air in the gastric wall.

Figure 4 Upper endoscopy showing diffuse erythema, edema, erosions and sloughing of the gastric mucosa.

of conditions associated with the presence of intramural
air in the stomach[1,10]. In children, this is associated with
pyloric stenosis, gastric malrotation, annular pancreas,
cardiac surgery and incorrect positioning of feeding
catheters[11-15]. In adults, instrumentation-related injury[16] ,
gastric outlet obstruction by gastric, duodenal or pancreatic
malignancies, and bowel ischemia or infarction account for
the majority of cases[1].
Four theories have been proposed to explain the
development of gas within the gastric wall[17]. In the bacterial
theory, Clostridium welchii and other gas-forming aerobic
colonic bacilli, including Escherichia coli, Streptococcus, Bacillus
subtili and Bacillus proteus generate the intramucosal gas seen
in emphysematous gastritis [10]. The outcome in these
situations is almost always fatal despite surgical intervention
and broad spectrum antibiotic therapy. In the mechanical
theory, air is thought to enter the gastric wall due to increased
mural pressure[17], possibly caused by air insufflation during
endoscopy[18] or intestinal obstruction[19,20]. In the mucosal
damage theory, air enters the gastric wall through disrupted
mucosa. This may account for gastric wall air associated
with a penetrating gastric ulcer[5]. In the pulmonary disease
theory, alveolar air dissecting down the mediastinum into
the gastric wall in patients with severe asthma or emphysema
results in the presence of gastric wall air. In our present
case, we believe that repeated biliary stenting led to dissection
of air into the gastric wall. In addition, increased intragastric
air pressure due to partial duodenal obstruction may have
contributed to the development of gastric emphysema as well.

The diagnosis of gastric wall air is usually made
radiographically. Two radiological patterns of gastric
intramural air have been described. The linear lucency
pattern is usually associated with gastric emphysema and
the cystic, mottled pattern is usually associated with
emphysematous gastritis, a much more serious condition[1].
However, these patterns are not specific enough to
distinguish between these two clinical entities[1,2]. Gastric
emphysema can also mimic pneumoperitoneum [16] .
Therefore, computerized tomography is the test of choice
because it evaluates the entire abdominal cavity[2,21,22].
Endoscopic findings in patients with gastric emphysema
or emphysematous gastritis have been described. These
include submucosal gas bubbles, necroinflammatory
changes, and erosions; in some cases, the mucosa appears
normal[3]. Endoscopic biopsy may reveal numerous empty
spaces in the lamina propria[3]. In our patient, endoscopy
revealed only non-specific inflammatory changes and did
not help in the diagnosis or management of gastric
emphysema.
Unlike the nonspecific endoscopic findings, endoscopic
ultrasonography clearly demonstrates the presence of a
linear band of air in the submucosal layer. To our knowledge,
this is the first report of endoscopic ultrasonographic
findings in gastric emphysema or emphysematous gastritis.
Although the presence of air in the gastric wall can be easily
diagnosed by non-invasive tests such as abdominal
ultrasonography or computerized tomography, endoscopic
ultrasonography allows better visualization of the gastric
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wall and be useful in differentiating between gastric
emphysema and emphysematous gastritis. More data from
additional patients are needed to establish the role of
endoscopic ultrasonography in this rare condition.
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Abstract
Actinomycosis is a rare, chronic, spreading, suppurative,
granulomatous and fibrosing infection. Actinomyces are
normal inhabitants of the oral cavity and gastrointestinal
tract. They rarely cause disease and are seldom reported
as pathogens. Herein, we reported on a 69-year-old male
patient who had undergone Whipple’s operation due to
ampulla Vater carcinoma, and became infected with
actinomycosis at the pancreaticojejunostomy, which
mimicked a recurrent malignancy. He was treated with
radical resection of the mass at the pancreaticojejunostomy
and had an uneventful postoperative course.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Actinomycosis is a rare, chronic, spreading, suppurative,
granulomatous and fibrosing infection characterized by the
formation of multiple abscess, draining sinuses and the
release of characteristic “sulfur granules”[1]. This infection
is normally caused by Actinomyces israelii, which are anaerobic
gram-positive filamentous rods. These organisms are not
regarded as virulent human pathogens and are best
considered as opportunistic pathogens, as they are normally
present in healthy individuals, especially in the oral cavity
and gastrointestinal tract[2,3]. This disease usually follows
perforation of an abdominal viscus because of inflammatory
or neoplastic disease, surgery, or trauma[4-7] and has also
commonly associated with the long-term use of an

intrauterine device[8-10]. Herein, we reported a patient who
had undergone Whipple’s operation due to ampulla Vater
carcinoma, and succumbed to actinomycosis at the
pancreaticojejunostomy, which mimicked local recurrence
of cancer. He was treated with radical resection of the
mass and had an uneventful postoperative course. He
regained body weight steadily and had no recurrence of
actinomycosis at the postoperative 6 mo follow-up.

CASE REPORT
A 69-year old male patient was referred to our hospital
because of common bile duct (CBD) stone with biliary tract
infection with an initial presentation of abdominal fullness,
general malaise, nausea, vomiting, poor appetite and body
weight loss for 2 wk. A panendoscopy revealed an enlarged,
easy touch-bleeding papilla with an infiltrating mass.
Endoscopic retrograde cholangiopancreatography (ERCP)
showed a dilated biliary tree and pancreatic duct with stricture
of the distal CBD and pancreatic duct (double duct sign).
The serum level of the carbohydrate antigen 19-9 (CA19-9)
was 126.26 u/mL. Biopsy of the ampulla Vater demonstrated
moderately differentiated adenocarcinoma. He then received
a radical pancreaticoduodenectomy with Child’s
reconstruction. A right subhepatic abscess was noted 10 d
after the operation and was managed by computed
tomography (CT) guidance percutaneous drainage. The
patient was discharged 3 wk after surgery and received
regular follow-ups at our outpatient department.
Unfortunately, an abdominal CT scan showed abnormal
soft tissue enlargement at the pancreaticojejunostomy
(Figure 1) 2 years after surgery. Meanwhile, the CA19-9
level had also elevated comparing to the immediate
postoperative value (from 4.43 to 50.63 u/mL). Magnetic
resonance cholangiopancreatography (MRCP) revealed
tapering of distal bile duct with upstream dilation and a
dilated pancreatic duct with sudden obliteration at the
pancreaticojejunostomy (Figure 2). The patient had no fever,
leukocytosis or jaundice (white blood cells, 5 900/mm3;
total bilirubin, 0.6 mg/dL). Only body weight loss of about
10 kg and fatigue had been noted over the last 2 mo.
Therefore, he received surgery again under the strong
impression of a suspected local recurrence of ampulla Vater
carcinoma.
During the operation, a hard mass at the pancreaticojejunostomy with extension to para-aortic area and stenosis
of previous pancreaticojejunostomy was identified. A frozen
section revealed no evidence of malignancy. Nevertheless,
the mass was resected and the pancreaticojejunostomy was
re-constructed. The final pathology showed transmural
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Figure 1 Abdominal CT scan reveals abnormal soft tissue enlargement at the pancreaticojejunostomy.

Figure 2 MRCP depicts tapering of the distal bile duct with upstream
dilatation and a dilated pancreatic duct with sudden obliteration at the
pancreaticojejunostomy.

inflammation of the segment of resected jejunum. There
were many sulfur granules, which were positive for Periodic
acid and Giemsa stains (Figure 3), consistent with
actinomycosis. The patient had an uneventful postoperative
course without administration of penicillin and was
discharged home 2 wk after operation with steady regaining
of body weight.

DISCUSSION
Actinomycosis, which was first described by Israel in 1878[11],
is a rare, chronic, spreading, suppurative, granulomatous
and fibrosing infection characterized by the formation of
multiple abscesses, draining sinuses and the release of
characteristic “sulfur granules”[1]. It is found worldwide and
occurs at any age, but is rare at ages younger than ten. The
peak incidence is between 15 and 30 years, and males are
more frequently infected than females[2].
Actinomyces are anaerobic, gram-positive bacteria that
form filaments[12] . They are normally present in healthy
individuals, especially in the oral cavity and gastrointestinal
tract[2,3]. All tissues and organs can be infected[3] when the
mucosal barrier is broken, leading to multiple abscess
formation, fistula, or a mass lesion [2,4]. Actinomycosis
commonly occurs in three distinct forms. The majority of
examples of the clinical disease are cervicofacial (55%),
with only 20% occurring in an abdominopelvic form and
15% as a thoracopulmonic form [7,13]. Abdominopelvic
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Figure 3 Histopathological examination demonstrates many sulfur
granules, which are positive for Periodic acid and Giemsa stains,
which is consistent with actinomycosis.

actinomycosis has been associated with abdominal surgery,
such as appendectomy, or bowel perforation, diverticulitis,
trauma, foreign bodies and neoplasia[5-7,14-16]. Establishment
of human infection may also require the presence of
companion co-infection bacteria, which releases a toxin or
enzyme inhibiting the host defenses. This enhances the
relatively low invasive power of actinomycetes. Immune
suppression and (surgical) trauma may also play an important
role. Various abdominal organs may be involved in
abdominopelvic actinomycosis including the gastrointestinal
tract, ovaries, liver, gallbladder, and pancreas[2,17]. To the best
of our knowledge, actinomycosis at a pancreaticojejunostomy
has not been reported in the literature. In our case, the
immune suppression due to ampulla Vater carcinoma along
with the surgery and postoperative subhepatic abscess
formation might have contributed to the development of
the actinomyces infection.
In most cases, patients present with an abdominal mass
were frequently mistaken for a neoplasm, as was the case
here. At a more advanced stage, the abdominal mass is
accompanied with extensive sinus, fistula, and abscess
formation, usually draining to the skin. Although the clinical
features depend on which organs are involved, common
symptoms and signs include fever and leukocytosis, fatigue,
anorexia, weight loss, and night sweats[2,14,15,18] . Our case
presented with only body weight loss and fatigue without
fever or leukocytosis, which led to the reasonable
preoperative diagnosis of a cancerous recurrence rather
than actinomycosis. Most adjunctive diagnostics are very
not very specific. In only 10% of the cases is the diagnosis
made preoperatively [19] and differentiation from a
malignancy is very difficult[14,20]. A CT scan can be helpful
in locating and determining the extent of the lesion.
Additionally, CT-guided fine needle aspiration of the mass
may help diagnosis by cytological examination[15].
High-dose intravenous penicillin injection is the treatment
of choice[7,21] and the response is usually favorable[13,22,23] .
Therefore, early diagnosis is important to minimize
morbidity due to this disease and avoid unnecessary surgery.
However, the diagnosis is often obtained postoperatively
from a pathology report. Surgery is reasonable and usually
necessary because of the difficu lty of diagnosis.
Debridement of necrosis and relieving the related symptoms
such as obstruction and cramping pain can be quickly
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achieved by surgery. In our case, an intra-operative frozen
section of the mass at pancreatojejunostomy revealed only
chronic inflammation without any evidence of malignancy.
Resection of the mass was justified to rule out the recurrence
of ampulla Vater carcinoma and to relieve the pancreatic
duct obstruction. Postoperative penicillin was not
administered to this patient because a radical resection of
the actinomycosis was carried out and no sign of clinical
infection was found.
Because of its rarity, intramural actinomycosis is an entity
that is often overlooked by most surgeons. A high index of
suspicion may help increase awareness of this important
and curable disease. Actinomycosis should be taken into
account as a differential diagnosis in patients having an intraabdominal mass with unusual fever or leukocytosis after
gastrointestinal surgery.
In summary, actinomyces rarely cause disease and are
seldom reported as human pathogens. The symptoms of
actinomycosis are non-specific, which leads to great
diagnostic difficulty. Actinomycosis should be considered
when a cancerous patient, after gastrointestinal surgery,
experiences an intra-abdominal mass along with unexplained
fever or leukocytosis. Penicillin G is still the medical treatment
of choice. However, surgical intervention can still play a
role in facilitating the recovery in selected patients and is
useful to rule out malignancy in some instances. For this
particular patient, re-operation was justified to rule out the
recurrence of ampulla Vater carcinoma and to relieve the
pancreatic duct obstruction.
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Abstract
We report a case of candidal liver abscesses and
concomitant candidal cholecystitis in a diabetic patient, in
whom differences were noted relative to those found in
patients with hematologic malignancies. In our case, the
proposed entry route of infection is ascending retrograde
from the biliary tract. Bile and aspirated pus culture
repeatedly tested positive, and blood negative, for
Candida albicans and Candida glabrata. Cholecystitis was
cured by percutaneous gallbladder drainage and
amphotericin B therapy. The liver abscesses were
successfully treated by a cumulative dosage of 750 mg
amphotericin B. We conclude that in cases involving less
immunocompromised patients and those without
candidemia, a lower dosage of amphotericin B may be
adequate in treating candidal liver abscesses.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Candidal liver abscess is a rare disease, and most of the
reported cases have been diagnosed in patients with
hematologic malignancies during periods of neutropenia

resolution[1,2]. In a review by Thaler et al, only 8 of 73 patients
had an underlying disease other than a malignancy. Clinical
features and management of this disease may be different
in those with a malignancy versus without a malignancy. We
reported the case of a patient with diabetes mellitus in order
to add further experience to the limited data regarding
patients without malignancy.

CASE REPORT
A 37-year-old male, who was an alcoholic and heavy smoker,
was admitted for right upper-quadrant abdominal colic,
with pain radiating to the back, which had been present for
2 wk. Two years before this admission, he had suffered an
accident that resulted in pancreatic rupture. Partial
pancreatectomy was performed and insulin-dependent
diabetes mellitus was noted soon. Since then, he had suffered
from several episodes of pancreatitis. He visited our
emergency department 1 year ago for treatment of biliary
tract obstruction caused by pancreatic pseudocyst.
Meanwhile, diabetic ketoacidosis and pulmonary tuberculosis
were also found, which were appropriately treated.
On admission, poor nutritional status was evident (body
weight 49 kg and body mass index 17.16 kg/m 2). His
temperature was 37.6 ℃, blood pressure was 101/63 mmHg,
pulse rate was 126 beats/min, and respiratory rate was
17/min. Remarkable findings on physical examination
included rales over the left upper-lung field, tenderness over
the right upper-abdominal quadrant with a positive Murphy’s
sign, but without rebounding pain.
Laboratory examinations revealed a white blood cell
count of 16.5×109/L, with 88% of neutrophils, a hemoglobin
level of 110 g/L, and a platelet count of 331×109/L. Serum
chemistry results revealed the following values: glucose level,
324 mg/dL; sodium, 130 mmol/L; potassium, 3.7 mmol/L;
blood urea nitrogen, 5 mg/dL; and creatinine, 0.8 mg/dL.
Results of a liver function test performed on admission
were as follow: aspartate aminotransferase, 26 IU/L; alanine
aminotransferase, 16 U/L; total bilirubin 2 mg/dL (normal
range, 0.2-1.6 mg/dL); direct bilirubin, 1.9 mg/dL (normal
range, 0-0.3 mg/dL); alkaline phosphatase, 1645 IU/L
(normal range, 10-100 IU/L); and gamma glutamyl
transferase, 1214 IU/L (normal range, 8-61 IU/L). The
initial C-reactive protein concentration was 12.06 mg/dL
(normal value, <0.5 mg/dL). The amylase and blood gas
analyses were within normal limits. Computed tomography
(CT) scanning of the abdomen revealed multiple hypoechoic
lesions over bilateral liver lobes, with the largest one located
over segment 6, which had ruptured but was localized in
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the subhepatic area (Figure 1). Other findings included
features suggestive of cholecystitis with gallbladder empyema
(Figure 2), chronic pancreatitis, intrahepatic and common
bile duct dilatation, splenomegaly, and splenic vein occlusion
with collateral circulation. Percutaneous transhepatic
gallbladder drainage was performed and a pigtail was inserted
into the ruptured abscess, but was removed 3 d after no
drainage whatsoever occurred. The bile culture, aspirated
pus from the abscess and blood, was negative for bacteria
(aerobic and anaerobic) and Mycobacterium tuberculosis.
However, cultures of bile and aspirated pus yielded yeast
that was subsequently identified as Candida glabrata and
Candida albicans. Initially, enteral fluconazole was given
(6 mg/kg per d). Endoscopic retrograde cholangiography
revealed stricture over the distal common bile duct but
without evidence of malignancy. Endoscopic papillotomy
was performed, and a biliary prosthesis was placed. Both
C. glabrata and C. albicans persisted in the bile and liver
abscess after 15 d of fluconazole therapy. Susceptibility
testing was done using the ATB Fungus kit (bioMérieux,
France). Both species were susceptible to amphotericin B
(AmB) (minimal inhibitory concentration <1.00 g/mL) and
flucytosine (<0.25 g/mL). Therefore, antifungal therapy
was switched to intravenous AmB (0.5 mg/kg per d). The
bile and liver aspirates were sterile 2 wk after this treatment.
After a cumulative dosage of 750 mg AmB, the patient’s
symptoms had subsided progressively, laboratory data were

Figure 1 Computed tomography scanning with contrast showed a
hypoechoic lesion with irregular and enhanced margin located over
segment 6 of liver (arrow), which had ruptured but localized in subhepatic region.

Figure 2 Presence of coarse calcification in the pancreatic head
(arrow) indicat ing presence of chronic pancreatit is. There is
inhom ogenous e nhanceme nt of t he gallblad der wall wit h
pericholecystic fluid, suggesting presence of cholecystitis with empyema (arrowhead).
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normalized, and the CT scan showed no evidence of
cholecystitis and only a small residual hypoechoic lesion
without enhancement over segment 6. Enteral fluconazole
(6 mg/kg per d) was prescribed for an additional month.
Diabetes mellitus was well controlled by insulin
administration during hospitalization. By his 2-year followup, he had suffered from several episodes of pancreatitis
and bacterial cholangitis caused by biliary prosthesis occlusion
with sludge, which was treated with percutaneous drainage
and antibiotics, however, no recurrence of candidal liver
abscess and cholecystitis was found.

DISCUSSION
Most of the candidal liver abscesses in patients with
hematologic malignancies are a manifestation of
disseminated candidiasis and have a high mortality rate[2,3].
However, this disease can also be acquired by fungemia
from the portal vein[1,4] or an ascending retrograde infection
from the biliary tree[5,6] , which is the proposed route of
infection, as the patient had a biliary stricture, and the
infection was localized in the liver and gallbladder, but
negative in other parts and without candidemia. Biliary
stricture may lead to cholestasis, which in turn can allow
micro-organisms from the gut to ascend into the biliary
tract. In patients with hematologic malignancies, the yield
of positive culture is often less than 50%, with the diagnosis
usually based on microscopic examination or histopathological
finding from deep tissues[1,3,4,7]. Nevertheless, fungal cultures
had repeatedly been positive in our patient. Taking into
consideration the negative cultures for other pathogens, pure
culture for Candida, and good clinical response after AmB
therapy, Candida was considered a causative pathogen in
our case. Interestingly, the infection was caused by 2 species
of Candida concomitantly. In fact, Domagk et al[8] also
reported a case of common bile duct candidiasis caused
simultaneously by C. albicans and C. glabrata. For patients
with hematologic malignancies who have suffered from
candidal liver abscesses, higher cumulative dosages of AmB
(2-9 g) are recommended by most experts, because some
evidence reveals that a cumulative dose of less than 2 g
AmB correlated with residual lesions at autopsy[1,4,9]. Cases
of hepatosplenic candidiasis that were successfully treated
with fluconazole have been reported by Kauffman et al.
The symptoms improved within 3-8 wk, but resolution of
lesions on CT scan was noted after at least 1 mo of
flu conazole therapy [10 ] . In addition, fluconazole
concentrations in the bile were equal to or slightly higher
than serum concentrations reported in the study conducted
by Bozzette et al[11] . However, culture from the liver abscess
and bile remained positive despite 2 wk of fluconazole
therapy in our case, but became sterile 2 wk after AmB
therapy. It is possible that longer course of therapy with
fluconazole might have led to resolution of infection in our
patient. Notably, the disease improved remarkably with only
a cumulative dose of 750 mg AmB. However, he received
fluconazole for an additional month, and the role of this
therapy is difficult to assess.
The management for candidal cholecystitis is not well
established. Surgical drainage or cholecystectomy is

Lai CH et al. Candidal iver abscess

considered adequate treatment for isolated candidal
cholecystitis in nonneutropenic patients, but the addition
of antifungal therapy is required in critically ill or
immunocompromised patients, or patients with extrabiliary
tract candidiasis[12,13]. Our patient received cholecystotomy,
endoscopic biliary drainage, and fluconazole as initial therapy.
Again, the bile culture became sterile only after initiation of
AmB. In a study by Adamson et al[14], AmB was concentrated
in the bile and the outcome was favorable in their case of
candidal cholecystitis treated with this antifungal agent.
In conclusion, candidal liver abscesses and cholecystitis
are rare, especially in patients without malignancies. Mortality
from candidal liver abscesses in patients with hematologic
malignancy is high even with high cumulative dosage of
AmB. However, in less immunocompromised patients and
those without candidemia, this disease may be cured with a
lower dosage of AmB.
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Abstract
Of 5% of patients who develop liver cysts, only 10-15%
of them come for medical attention, typically because
of dull right upper quadrant pain, abdominal bloating or
early satiety. We treated a 77-year-old female with a
rare complication of inferior vena cava thrombosis. The
patient expired due to septic shock and multiple organ failure.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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contrast medium showed a 15-cm hepatic cyst with nonenhancing homogeneous low density (about 15 HU). There
was a mild bilateral dilatation of the intrahepatic ducts. The
cyst was associated with a mass compression effect on the
inferior vena cava, with a 20-cm segment of thrombus
extending from the inferior aspect of the porta hepatis
through the right renal vein to the right femoral vein.
Minimal ascites, bilateral basal pleural effusions and
atelectasis were also noted. A sonographically guided drainage
tube was inserted into the hepatic cyst[3,4]. The aspirate was
grossly purulent and culture yielded E. coli (Figures 1, 2).
Cellulitis of the right lower extremity persisted in spite
of ongoing heparin therapy. Despite the risks of conservative
treatment[5-7], the patient’s general condition precluded surgical
intervention. Though follow-up CT scan done a few days later,
showed decrease in size of the cyst to approximately 9×4 cm2,
with relief of mass effect, segmental thrombi continued to occupy
the venous trunk and bilateral renal, right common iliac, right
femoral and right popliteal veins. Cellulitis progressed with
involvement of the buttocks and bilateral lower extremities. There
was no evidence of pulmonary embolization. However, the patient
expired 10 d later from multiple organ failure (Figure 3).
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CASE REPORT
A 77-year-old female patient presented at a local emergency
room with complaint of epigastric and abdominal fullness
of 1-week’s duration. The patient had a history of endometrial
carcinoma 10 years prior, treated with total hysterectomy.
She had completed a course of chemotherapy and radiation
therapy at that time. Bilateral ureteral strictures were noted.
Subsequently, she did well except for episodic upper urinary
tract infection.
One week prior to admission, the patient noted dull
abdominal pain and nausea, aggravated by food intake, as
well as, dyspnea. Temperature was 38 ℃. She was referred
to our hospital for further evaluation and management.
An ultrasound study revealed a large cystic lesion occupying
most of the right lobe and segment IV of the liver, with an
echogenic shadow layer[1-4] measuring 15 cm×12 cm. The
patient was treated with antibiotics for presumed sepsis due
to a hepatic abscess.
Progressive, bilateral swelling of the lower extremities
was followed by cyanosis of the right foot. The foot was
cool and pulseless. Abdominal spiral CT with and without

Figure 1 First CT scan shows that huge hepatic cyst (C) exhibits
mass compression effect on IVC with thrombosis (arrow).

C

Figure 2 Under sono-guiding, drainage tube (arrow) put into adequate position for hepatic cyst (C).
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cavity were possibly already distorted or damaged, perhaps
by prior irradiation, resulting in venous stasis and turbulent
flow. This hypothesis is supported by the evidence of postirradiation sequelae of bilateral ureteral strictures and
repeated urinary infection.
Medical management of IVCT includes anti-coagulation
and thrombolytic agents[1,2] . Surgical therapy[1,2] involves
vena cava interruption and thrombectomy. Both of these
modalities are gradually being replaced by use of the
relatively non-invasive venous filters. In this case, although
shrinkage of the hepatic cyst occurred after sonographically
guided drainage, the patient’s condition deteriorated due to
septic shock and multiple organ failure, limiting surgical
intervention.

REFERENCES
1

Figure 3 A: The post-drainage follow-up CT scan shows remarkable shrinkage of the hepatic cyst (C), no thrombi of IVC at this level
(straight arrow). B: However, there is still long segmental thrombi
occupation of lower trunk of IVC and right lower leg, including right
popliteal vein (straight arrow) and subcutaneous tissue swelling of
lower extremity due to cellulitis (curve arrow).

2

3

DISCUSSION
In general, inferior vena cava thrombosis (IVCT) results
from deep vein thrombosis. However, isolated IVCT may
occur. Examples include complication of malignancy (most
often renal cell carcinoma, other genitourinary tumors, or
hepatoma), extrinsic compression (most often due to
retroperitoneal tumors and aneurysms of the abdominal
aorta), post-traumatic hematoma (most often psoas muscle
or common iliac artery injury), coagulopathy, iatrogenic
causes, pregnancy or use of oral contraceptives and
miscellaneous causes (including developmental anomalies
and retroperitoneal fibrosis). Compression of the inferior
vena cava by an intra-abdominal or pelvic mass has been
associated with leiomyoma[8,9], adult polycystic kidney[10,11]
and hepatic abscess[12].
A solitary liver cyst formation IVCT is very rare[13]. There
are only three cases reported in the literature[1,2,13]. Reports
of su ccessfu l therapies for I VCT have inclu ded
anticoagulation [1,2], placement of an inferior vena cava
filter [2,13], or surgical intervention (resection)[5-7]. Such cysts,
reported previously, have been even larger than this
patient’s[1,2,13], whose cyst was not recognized prior to the
onset of acute epigastric pain and nausea. Unfortunately,
anti-coagulation was not successful and her condition
precluded surgical intervention.
Because of her past history of endometrial cancer, the
possibility of malignant recurrence was excluded by clinical,
laboratory and imaging studies. The extent of thrombosis
led us to suspect an underlying coagulopathy. In addition,
normal venous return and lymphatic drainage of the pelvic

4

5

6

7

8

9

10

11

12

13

Torzilli G, Santambrogio R, Vellini S, Palmisano A, Donadon
M, Cornalba G, Montorsi M. Inferior vena cava thrombosis:
an unusual complication of a large simple non-parasitic liver
cyst requiring an integrated approach. Hepatogastroenterology
2003; 50: 2188–2191
Le rmite E, Pessaux P, Jousset Y, A ube C, Regenet N,
Hennekinne-Mucci S, Arnaud JP. Compression of the inferior
vena cava with thrombus: a rare complication of solitary liver
cyst. Ann Chir 2002; 127: 776–778
Gharbi HA, Hassine W, Brauner MW, Dupuch K. Ultrasound
examination of the hydatic liver. Radiology 1981; 139: 459–
46 3
Tokunaga K, Teplick SK, Banerjee B. Simple hepatic cysts.
First case report of percutaneous drainage and sclerosis with
doxycycline, with a review of literature. Dig Dis Sci 1994; 39:
209–214
Sanchez H, Gagner M, Rossi RL, Jenkins RL, Lewis WD,
Munson JL, Braasch JW. Surgical management of nonparasitic cystic liver disease. Am J Surg 1991; 161: 113–118; discussion 118-119
Morino M, De Giuli M, Festa V, Garrone C. Laparoscopic
management of symptomatic nonparasitic cysts of the liver.
Indications and results. Ann Surg 1994; 219: 157–164
Ortega AE, Richman MF, Hernandez M, Peters JH, Anthone
GJ, Azen S, Beart RW. Inferior vena caval blood flow and
cardiac hemodynami cs during carbon dioxide
pneumoperitoneum. Surg Endosc 1996; 10: 920–924
Stanko CM, Severson MA, Molpus KL. Deep venous thrombosis associated with large leiomyomata uteri. A case report.
J Reprod Med 2001; 46: 405–407
Dekel A, Rabinerson D, Dicker D, Ben-Rafael Z. Thrombosis
of the pelvic veins associated with a large myomatous uterus.
Obstet Gynecol 1998; 92: 646–647
Iguchi S, Kasai A, Kishimoto H, Suzuki K, Ito S, Ogawa Y,
Nishi S, Gejyo F, Ohno Y. Thrombosis in inferior vena cava
(IVC) due to intra-cystic hemorrhage into a hepatic local cyst
w i th a utosoma l domina nt pol yc ysti c ki dney di sea se
(ADPKD). Intern Med 2004; 43: 209–212
Peces R, Gil F, Costero O, Pobes A. Massive inferior vena
cava thrombosis in a patient with autosomal dominant polycystic hepatorenal disease. Nefrologia 2002; 22: 75–78
Sharma MP, Sarin SK. Inferior vena caval obstruction due
to amoebic liver abscess. J Assoc Physicians India 1982; 30:
2 43 –24 4
Frisell J, Rojdmark S, Arvidsson H, Lundh G. Compression
of the inferior caval vein--a rare complication of a large nonparasitic liver cyst. Acta Med Scand 1979; 205: 541–542
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(11):1730
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• ACKNOWLEDGEMENTS •

Acknowledgements to Reviewers of World Journal of

Gastroenterology
Many reviewers have contributed their expertise and time
to the peer review, a critical process to ensure the quality
of World Journal of Gastroenterology. The editors and
authors of the articles submitted to the journal are grateful
to the following reviewers for evaluating the articles
(including those were published and those were rejected
in this issue) during the last editing period of time.

Antoni Castells, M.D.
Gastroenterology Department, Hospital Clínic, University of
Barcelona, Villarroel 170, Barcelona 08036, Spain
Xian-Ming Chen, M.D.
Mayo Medical School, Clinic and Foundation, 200 First Street,
SW, Rochester, MN 55905, United States
James M Church, M.D.
Colorectal Surgery, Cleveland Clinic Foundation, Desk A 30, 9500
EuclID Ave, Cleveland 44195, United States
Curt Einarsson, Professor
Department of Medicine, Karolinska institute, Karolinska
University Hospital Huddinge, Dept of Gastroenterology and
Hepatology, K 63, Huddinge SE-141 86, Sweden
Abdel-Rahman El-Zayadi, Professor
Department of Hepatology and Gastroenterology, Ain Shams
University and Cairo Liver Center, 5, El-Gergawy St. Dokki, Giza
12311, Egypt
Jin Gu, Professor
Peking University School of Oncology, Beijing Cancer Hospital,
Beijing 100036, China
Hiroyuki Hanai, Director
Director of Department of Endoscopic & Photodynamic
Medicine, Hamamatsu University School of Medicine, 1-20-3
Izumi, Hamamatsu 433-8124, Japan
Shinn-Jang Hwang, Professor
Department of Family Medicine, Taipei Veterans General Hospital,
VGH, 201, Shih-Pai Road, Section 2, Taipei 11217, Taiwan, China
Shao-Heng He, Professor
Medical College of Shantou University, 22 Xinling Rd, Shantou,
Guangdong, Shantou 515031, China
Fu-Lian Hu, Professor
Department of Gastroenterology, Peking University First Hospital,
8 Xishiku St, Xicheng District, Beijing 100034, China

Wayne HC Hu, M.D.
Department of Medicine, University of Hong Kong, 302, New
Clinical Building, Queen Mary Hospital, Pokfulam Road, Hong
Kong SAR, China
Joseph B Kirsner, M.D.
Department of Medicine/GI, Univ. of Chicago Hospitals and
Clinics, University of Chicago Hosp. and Clinics, 5841 S. Maryland
Ave., Mail Code 2100. Chicago IL 60637-1470, United States
Tsuneo Kitamura, Associate Professor
Department of Gastroenterology, Juntendo University Urayasu
Hospital, Juntendo University School of Medicine, 2-1-1
Tomioka, Urayasu-shi, Chiba 279-0021, Japan
You-Yong Lu, Professor
Beijing Molecular Oncology Laboratory, Peking University
School of Oncology and Beijing Institute for Cancer Reaearch,
#1, Da-Hong-Luo-Chang Street, Western District, Beijing
100034, China
Shotaro Nakamura, M.D.
Department of Medicine and Clinical Science, Kyushu University,
Maidashi 3-1-1, Higashi-ku, Fukuoka 812-8582, Japan
Lun-Xiu Qin, Professor
Liver Cancer Institute and Zhongshan Hospital, Fudan
University, 180 Feng Lin Road, Shanghai 200032, China
Shinichi Wada, M.D.
Department of Gastroenterology, Jichi Medical School,
Minamikawachi-machi, Kwachi-gun, Tochigi-ken, Tochigi 3290498, Japan
Harry H-X Xia, M.D.
Department of Medicine, The University of Hong Kong,
Pokfulam Road, Hong Kong, China
Jia-Yu Xu, Professor
Shanghai Second Medical University, Rui Jin Hospital, 197 Rui
Jin Er Road, Shanghai 200025, China
Xiao-Hang Zhao, Professor
State Key Laboratory of Molecular Oncology, Cancer Institute of
Chinese Academy of Medical Sciences, 17 Panjiayuan,
Chaoyangqu, Beijing 100021, China
Shu Zheng, Professor
Scientific Director of Cancer Institute, Zhejiang University,
Secondary Affiliated Hospital, Zhejiang University, 88# Jiefang
Road, Hangzhou 310009, China

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

Meetings
Major meetings coming up
Digestive Disease Week
10 6th Annual Mee ting of AGA , The
American Gastroenterology Association
May 14-19, 2005
www.ddw.org/
Chicago, Illinois
13th World Congress of Gastroenterology
September 10-14, 2005
www.wcog2005.org/
Montreal, Canada
13th United European Gastroenterology
Week, UEGW
October 15-20, 2005
www.uegf.org/
Copenhagen, Denmark
American College of Gastroenterology
Annual Scientific Meeting
October 28-November 2, 2005
www.acg.gi.org/
Honolulu Convention Center, Honolulu,
Hawaii

Events and Meetings in the upcoming
6 months
EASL 2005 the 40th annual meeting
April 13–17, 2005
www.easl.ch/easl2005/
Paris, France
21st annual international congress of
Pakistan society of Gastroenterology &
GI Endoscopy
March 25–27, 2005
www.psgc2005.com
Peshawar
World Congres s on Gas trointes tinal
Cancer
June 15–18, 2005
Barcelona
British Soc ie ty of Ga s troenterology
Conference (BSG)
March 14–17, 2005
www.bsg.org.uk
Birmingham
Dige s tive Dis ea s e We e k D D W 1 0 6 t h
Annual Meeting

EL SEVIER

World J Gastroenterol 2005;11(11):Appendix 1
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

May 15–18, 2005
www.ddw.org
Chicago, Illinois

Events and meetings in 2005
Ca na di a n D ige s tiv e Di s e a s e We e k
Confere nce
February 26-March 6, 2005
www.cag-acg.org
Banff, AB
2005 World Congress of Gastroenterology
September 12–14, 2005
Montreal, Canada
In tern ational Colorect al Disea se
Sympos ium 20 05
February 3–5, 2005
Hong Kong
13th UEGW meeting United European
Gastroenterology Week
October 15–20, 2005
www.webasistent.cz/guarant/uegw2005/
Copenhagen-Malmoe
7th International Workshop on Therapeutic Endoscopy
September 10–12, 2005
www.alfamedical.com
Theodor Bilharz Research Institute
EASL 2005 the 40 th annual meeting
April 13–17, 2005
www.easl.ch/easl2005/
Paris, France
Pediatric Gastroenterology, Hepatology
and Nutrition
March 13, 2005
Jakarta, Indonesia
21st annual international congress of
Pakistan society of Gastroenterology &
GI Endoscopy
March 25–27, 2005
www.psgc2005.com
Peshawar
8th Congress of the Asian Society of
HepatoBiliary Pancreatic Surgery
February 10–13, 2005
Mandaluyong, Philippines
APDW 200 5 - Asia Pacific Digestive
Week 2005
September 25–28, 2005
www.apdw2005.org
Seoul, Korea

World Congre ss on Ga strointe stinal
Cance r
June 15–18, 2005
Barcelona
Britis h Socie ty of Gas troe nte rology
Conference (BSG)
March 14–17, 2005
www.bsg.org.uk
Birmingham
Digestive Disease Wee k DD W 1 06 th
Annual Meeting
May 15–18, 2005
www.ddw.org
Chicago, Illinois
70th ACG Annual Scientific Meeting
and Postgraduate Course
October 28-November 2, 2005
Honolulu Convention Center, Honolulu,
Hawaii

Events and Meetings in 2006
EASL 2006 - THE 41ST ANNUAL
MEETING
April 26–30, 2006
Vienna, Austria
Ca n a dia n Di ge s ti ve D is e a s e W e e k
Conference
March 4–12, 2006
www.cag-acg.org
Quebec City
XXX pan-american congress of digestive
diseases XXX congreso panamericano de
anfermedades digestivas
November 25-December 1, 2006
www.gastro.org.mx
Cancun
World Congre ss on Ga strointestinal
Cancer
June 14–17, 2006
Barcelona, Spain
7th World Congress of the International
Hepato-Pancreato-Biliary Association
September 3–7, 2006
www.edinburgh.org/conference
Edinburgh
71st ACG Annual Scientific Meeting
and Postgraduate Course
October 20–25, 2006
Venetian Hotel, Las Vegas, Neveda

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

Instructions to authors
GENERAL INFORMATION
World Journal of Gastroenterology (WJG, ISSN 1007-9327 CN 14-1219/R)
is a weekly journal of more than 48 000 circulation, published on the
7th, 14 th, 21 st and 28 th of every month.
Original Research, Clinical Trials, Reviews, Comments, and Case
Reports in esophageal cancer, gastric cancer, colon cancer, liver cancer,
viral liver diseases, etc., from all over the world are welcome on the
condition that they have not been published previously and have not
been submitted simultaneously elsewhere.
Published jointly by
The WJG Press and Elsevier Inc.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed double-spaced on A4 (297×210 mm)
white paper with ou ter margin s of 2.5 cm. Number all pages
consecutively, and start each of the following sections on a new page:
Title Page , Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures and Figure
Legends. Neither the Editors nor the Publisher is responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of The WJG Press
and Elsevier Inc., and may not be reproduced by any means, in whole
or in part without the written permission of both the Authors and the
Publisher. We reserve the right to put onto our website and copy-edit
accepted manuscripts. Authors should also follow the guidelines for
the care and use of laboratory animals of their institution or national
animal welfare committee.
Authors should retain one copy of the text, tables, photographs
and illustrations, as rejected manuscripts will not be returned to the
author(s) and the editors will not be responsible for the loss or damage
to photographs and illustrations.
Online submission
Online submission is strongly advised. Manuscripts should be submitted
through the Online Submission System at: http://www.wjgnet.com/index.
jsp. Authors are highly recommended to consult the ONLINE
INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/wjg/help/
instructions.jsp) before attemp ting to su bmit online. Authors
encountering problems with the Online Submission System may send an
email describing the problem to wjg@wjgnet.com for assistance. If you
submit manuscript online, do not make a postal contribution. A repeated
online submission for the same manuscript is strictly prohibited.
Postal submission
Send 3 duplicate hard copies of the full-text manuscript typed doublespaced on A4(297×210 mm) white paper together with any original
photographs or illustrations and a 3.5 inch computer diskette or CD-ROM
containing an electronic copy of the manuscript including all the figures,
graphs and tables in native Microsoft Word format or *.rtf format to:
World Journal of Gastroenterology
Apartment 1066 Yishou Garden,
58 North Langxinzhuang Road,
PO Box 2345, Beijing 100023, China
E-mail: wjg@wjgnet.com
http: //www.wjgnet.com

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be
submitted using a word-processing software. All submissions must be
typed in 1.5 line spacing and in word size 12 with ample margins. The
letter font is Tahoma. For authors originating from China, one copy of
the Chinese translation of the manuscript is also required (excluding
references). Style should conform to our house format. Required
information for each of the manuscript sections is as follows:

World J Gastroenterol 2005;11(11):Appendix 2-3
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Title page
Full manuscript title, running title, all author(s) name(s), affiliations,
institution(s) and/or department(s) where the work was accomplished,
disclosure of any financial support for the research, and the name, full
address, telephone and fax numbers and email address of the
corresponding author should be involved. Titles should be concise and
informative (removing all unnecessary words), emphasize what is NEW,
and avoid abbreviations. A short running title of less than 40 letters
should be provided. List the author(s)’ name(s) as follows: initials
and/or first name, middle name or initial(s) and full family name.
Abstract
An informative, structured abstract of no more than 250 words should
accompany each manuscript. Abstracts for original contributions should be
structured into the following sections: AIM: Only the purpose should be
included. METHODS: The materials, techniques, instruments and
equipments, and the experimental procedures should be included. RESULTS:
The observatory and experimental results, including data, effects,
outcome, etc. should be included. Authors should present P value where
necessary, and the significant data should accompany. CONCLUSION:
Accurate view and the value of the results should be included.
The format of structured abstracts is at: http://www.wjgnet.com/
wjg/help/11.doc
Key words
Please list 3-10 key words that could reflect content of the study.
Text
For most article types, the main text should be structured into the
following section s: IN TRO DUCTION , M ATE RIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the body
text or Figures and Tables, not both.
Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page.
No detailed legend should be involved under the figures. This part
should add into the text where the figures are applicable. Digital images:
black and white photographs should be scanned and saved in TIFF
format at a resolution of 300 dpi; color images should be saved as
CMYK (print files) and not RGB (screen-viewing files). Place each
photograph in a separate file. Print images: supply images of size no
smaller than 126×76 mm printed on smooth surface paper; label the
image by writing the Figure number and orientation using an arrow.
Photomicrographs: indicate the original magnification and stain in the
legend. Digital Drawings: supply files in EPS if created by Freehand
and Illustrator, or TIFF from P hotoshop. EPS files must be
accompanied by a version in native file format for editing purposes.
Scans of existing line drawings should be scanned at a resolution of
1200 dpi and as close as possible to the size at which they will appear
when printed, not smaller. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes of atrophic
gastritis after treatment. A: ...; B: ...;C: ...; D: ...; E: ...; F: ...; G: ...
Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned
clearly in the main text. Provide a brief title for each table. No detailed
legend should be involved under the tables. This part should add into the
text where the tables are applicable. The information should complement
but not duplicate that contained in the text. Use one horizontal line
under the title, a second under the column heads, and a third below the
Table, above any footnotes. Vertical and italic lines should be omitted.
Notes in tables and illustrations
Data which is not statistically significant should not be noted. aP<0.05,
b
P<0.01 (P>0.05 should not be noted). If there are other series of
P values, cP<0.05 and dP<0.01 are used; Third series of P values can be
expressed as eP<0.05 and fP<0.01. Other notes in tables or under

www.wjgnet.com

3

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

March 21, 2005

Volume 11

Number 11

illustrations should be expressed as 1 F, 2 F, 3F; or some other symbols
with a superscript (Arabic numerals) in the upper left corner. In a
multi-curve illustration, each curve should be labeled with ●, ○, ■,
□, ▲, △, etc. in a certain sequence.

Statistical expression
Express t test as t(in italics), F test as F(in italics), chi square test as 2
(in Greek), related coefficient as r(in italics), degree of freedom as  (in
Greek), sample number as n(in italics), and probability as P(in italics).

Acknowledgments
Brief acknowledgments of persons who have made genuine contributions
to the manuscripts and who endorse the data and conclusions are
included. Authors are responsible for obtaining written permission to
use any copyrighted text and/or illustrations.

Units
Use SI units. For example: body mass, m(B) = 78 kg; blood pressure, p
(B)=16.2/12.3 kPa; incubation time, t(incubation)=96 h, blood glucose
concentration, c(glucose) 6.4±2.1 mmol/L; blood CEA mass
concentration, p(CEA) = 8.6 24.5 µg/L; CO2 volume fraction, 50 mL/L
CO2 not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin;
and mass fraction, 8 ng/g, etc. Arabic numerals such as 23,243,641
should be read 23 243 641.
The format about how to accurately write common units and
quantum is at: http://www.wjgnet.com/wjg/help/15.doc

References
Cited references should mainly be drawn from journals covered in the
Science Citation Index (http://www.isinet.com) and/or Index Medicus
(http://www.ncbi.nlm.nih.gov/PubMed) databases. Mention all
references in the text, tables and figure legends, and set off by consecutive,
superscripted Arabic numerals. References should be numbered
consecutively in the order in which they appear in the text. Abbreviate
journal title names according to the Index Medicus style (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db=journals). Unpublished
observations and personal communications are not listed as references.
The style and punctuation of the references conform to ISO standard
and the Vancouver style (5th edition); see examples below. Reference
lists not conforming to this style could lead to delayed or even rejected
publication status. Examples:
Standard jounal article (list all authors and include the PubMed ID
[PMID] where applicable)
1
2

3

Das KM, Farag SA. Current medical therapy of inflammatory bowel
disease. World J Gastroenterol 2000; 6: 483-489 [PMID: 11819634]
Pan BR, Hodgson HJF, Kalsi J. Hyperglobulinemia in chronic liver
disease: Relationships between in vitro immunoglobulin synthesis,
short lived suppressor cell activity and serum immunoglobulin
levels. Clin Exp Immunol 1984; 55: 546-551 [PMID: 6231144]
Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of
Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shijie Huaren
Xiaohua Zazhi 1999; 7: 285-287 [CMFAID:1082371101835979]

Books and other monographs (list all authors)
4

Sherlock S, Dooley J. Diseases of the liver and billiary system. 9th
ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all authors)
5

Lam SK. Academic investigator’s perspectives of medical treatment
for peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation
and basis for therapy. New York: Marcel Dekker, 1991: 431-450

Electronic journal (list all authors)
6

Morse SS. Factors in the emergence of infectious diseases. Emerg
Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1):24 screens.
Available from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

PMID requirement
From the full reference list, please submit a separate list of those
references embodied in PubMed, keeping the same order as in the full
reference list, with the following information only: (1) abbreviated
journal name and citation (e.g. World J Gastroenterol 2003;9(11):
2400-2403; (2) article title (e.g. Epidemiology of gastroenterologic
cancer in Henan Province, China; (3) full author list (e.g. Lu JB, Sun
XB, Dai DX, Zhu SK, Chang QL, Liu SZ, Duan WJ; (4) PMID (e.g.
14606064). Provide the full abstracts of these references, as quoted
from PubMed on a 3.5 inch disk or CD-ROM in Microsoft Word
format and send by post to The WJG Press. For those references taken
from journals not indexed by Index Medicus, a printed copy of the first
page of the full reference should be submitted. Attach these references
to the end of the manuscript in their order of appearance in the text.
Inappropriate references
Authors should always cite references that are relevant to their article,
and avoid any inappropriate references. Inappropriate references include
those that are linked with a hyphen and the difference between the two
numbers at two sides of the hyphen is more than 5. For example, [1-6],
[2-14] and [1,3,4-10,22] are all considered as inappropriate references.
Authors should not cite their own unrelated published articles.
Statistical data
Present as mean±SD and mean±SE.

Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated unless
they are used repeatedly and the abbreviation is helpful to the reader.
Permissible abbreviations are listed in Units, Symbols and Abbreviations:
A Guide for Biological and Medical Editors and Authors (Ed. Baron DN,
1988) published by The Royal Society of Medicine, London. Certain
commonly used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA,
mAb, can be used directly without further mention.
Italicization
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: Helicobacter pylori, H pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER
ACCEPTED
Please revise your article according to the revision policies of WJG.
The revised version including manuscript and high-resolution image
figures (if any) should be copied on a floppy or compact disk. Author
should send the revised manuscript, along with printed high-resolution
color or black and white photos, copyright transfer letter, the final
check list for authors, and responses to reviewers by a courier (such as
EMS) (submission of revised manuscript by e-mail or on the WJG
Editorial Office Online System is NOT available at present).
Language evaluation
The language of a manuscript will be graded before sending for revision.
(1) Grade A: priority publishing; (2) Grade B: minor language polishing;
(3) Grade C: a great deal of language polishing; (4) Grade D: rejected.
The revised articles should be in grade B or grade A.
Copyright assignment form
It is the policy of WJG to acquire copyright in all contributions. Papers
accepted for publication become the copyright of WJG and authors will
be asked to sign a transfer of copyright form. All authors must read and
agree to the conditions outlined in the Copyright Assignment Form
(which can be downloaded from http://www.wjgnet.com/wjg/help/9.doc).
Final check list for authors
The format is at: http://www.wjgnet.com/wjg/help/13.doc
Responses to reviewers
Please revise your article according to the comments/suggestions of
reviewers. The format for responses to the reviewers’ comments is at:
http://www.wjgnet.com/wjg/help/10.doc
Proof of financial support
For paper supported by a foundation, authors should provide a copy of
the document and serial number of the foundation.
Publication fee
Authors of accepted articles must pay publication fee.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(11):Appendix 4
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
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14
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25
26
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28
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30
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33
34
35
36
37
38
39
40
41
42
43
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4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
Glutamate is the major excitatory neurotransmitter in the
mammalian central nervous system (CNS). Packaging and
storage of glutamate into glutamatergic neuronal vesicles
require ATP-dependent vesicular glutamate uptake
systems, which utilize the electrochemical proton gradient
as a driving force. Three vesicular glutamate transporters
(VGLUT1-3) have been recently identified from neuronal
tissue where they play a key role to maintain the vesicular
glutamate level. Recently, it has been demonstrated that
glutamate signaling is also functional in peripheral
neuronal and non-neuronal tissues, and occurs in sites of
pituitary, adrenal, pineal glands, bone, GI tract, pancreas,
skin, and testis. The glutamate receptors and VGLUTs in
digestive system have been found in both neuronal and
endocrinal cells. The glutamate signaling in the digestive
system may have significant relevance to diabetes and GI
tract motility disorders. This review will focus on the most
recent update of molecular physiology of digestive VGLUTs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Glutamate is the major excitatory neurotransmitter in the
mammalian central neuronal system (CNS) and is responsible
for most fast synaptic neurotransmission[1] . Glutamate
signaling in the neuronal tissues has now been widely
accepted after the successful identification of glutamatergic

transmission system in the CNS. The neurotransmitter is
packaged into vesicles in a presynaptic cell after being
synthesized or transported into the cell to ensure its high
concentration. Upon stimulation, the neurotransmitter
diffuses across the synaptic cleft and binds to specific
postsynaptic receptors, which activates the receptors and
induces cascades of intracellular activity in the postsynaptic
cell. Once the stimulation is withdrawn, the neurotransmitter
is taken up by the transporter on the plasma membrane of
presynaptic cells. Excess intracellular glutamate will be
packed into the synaptic vesicle by the vesicular glutamate
transporter (VGLUT).
The glutamatergic system consists of glutamate receptor,
VGLUT and plasma glutamate transporter[1]. Re-uptake of
the released glutamate is mediated by two transport systems.
One is high-affinity Na+-dependent carrier located in the
plasma membrane[2], and the other is a low-affinity Na+independent transport system located in the synaptic
vesicular membrane[3]. There are two major groups of
glutamate receptor: ionotropic glutamate-gated ion channels
and G-protein-coupled metabotropic (mGlu) receptors.
mGlu receptors are located pre- and postsynaptically, and
glutamate acting via mGlu receptors can exert not only an
excitatory but also an inhibitory action. Eight mGlu receptors
have been cloned and are classified into three groups. Group
I (mGlu1 and 5) activate phospholipase C through coupling
to the Gq class of G protein. Group II (mGlu2 and 3) and
group III (mGlu 4, 6, 7, 8) inhibit cAMP formation through
coupling to the Gi/G o class of G protein, reduce Ca2+
currents and presynaptically inhibit the release of glutamate
or other neurotransmitters[4]. There are three major ionotropic
receptor subtypes named according to their most selective
agonists: N-methyl-D-aspartate (NMDA), -amino-3hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and
kainate receptors[5]. The latter two are referred as non-NMDA
receptors. All three glutamate receptors are ligand-gated
cation channels and are permeable to Ca2+ and/or Na+.
Kainate receptors are insensitive to AMPA while AMPA
receptors exhibit a low affinity for kainate[5].
Comparing with CNS, the knowledge of glutamate
signaling in enteric nervous system (ENS) and non-neuronal
digestive tissue is not fully understood. There is compelling
evidence for the expression and function of glutamate as a
signaling molecule in the digestive system [1] . Multiple
glutamate receptors have also been found in the ENS and
pancreas[6]. More recently, several groups have shown that
the two VGLUTs, VGLUT1 and VGLUT2, are both present
in ENS and pancreatic tissue[7] or clonal islet cells[8]. These
findings suggested the existence of glutamatergic system in
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the digestive system. As the first step for the glutamate
packaging, VGLUT plays a unique role in the glutamatergic
system. In this article, we briefly summarize the recent
studies on the molecular physiology of this transporter in
the digestive system.

FUNCTIONAL ROLES OF GLUTA MATE IN THE
DIGESTIVE SYSTEM
The most recent research on the functional role of glutamate
in the digestive system is focused on the ENS of
gastrointestinal tract and endocrine pancreas. In the ENS
of the gut, the whole glutamatergic system including
storage vesicles, neuronal uptake system and receptors has
been located[6]. Glutamate has been shown to modulate
histamine-induced acid secretion in the rat stomach[9] and
the contractility in the gastric fundus, jejunum, ileum and
large intestine[10,11] . Neurons that contain glutamate and
express VGLUT2 are also present in the ENS[12]. Enteric
neurons release glutamate in a Ca2+-dependent manner and
activation of both ionotropic and group I mGlu receptors has
been associated with the excitation of enteric neurons[6] .
Using patch-clamp recording method, group II mGlu
receptors were expressed in the gut and these receptors are
pertussis toxin sensitive and negatively coupled to N-type
Ca2+ channels[13]. More recently it was found that mGluR8,
which belong to group III mGlu receptor, is abundant in
the submucosal and myenteric plexus in which it is localized
to both pre- and postsynaptic elements. Activation of mGluR8
results in receptor internalization as well as inhibition of
forskolin-induced cAMP formation in enteric ganglia[14].
Pancreas is another organ in the digestive system and
glutamate signaling has great impact on its function.
Pancreatic islets of Langerhans, found dispersed throughout
the exocrine pancreas, are composed of four major cell
types as follows: the insulin-secreting  cell, the glucagonssecreting  cell, the pancreatic polypeptide-secreting PP cell,
and the somatostatin-secreting  cell. They are self-contained
miniature organs responsible for hormones insulin, glucagon,
somatostatin, and pancreatic polypeptide. Control of
hormone release involves complex interactions between
circulating fuels and hormones, autocrine and paracrine
regulation, and neuronal input. However, the final common
pathway to glucagons and insulin release appears to be the
electrical activity of individual  or  cells. In the consensus
model of glucose-stimulated insulin secretion, ATP is
generated by mitochondrial metabolism, promoting closure
of ATP-sensitive potassium channels, which depolarizes the
plasma membrane. Subsequently, opening of voltagesensitive Ca 2+ channels increases the cytosolic Ca 2+
concentration ([Ca2+]c) which constitutes the main trigger
initiating insulin exocytosis[15,16]. Nevertheless, Ca2+ signal
alone is not sufficient for sustained secretion. Ion channels
of islet cell can be regulated by intracellular second
messengers, G-proteins, and energy levels, but very few of
them respond directly to extracellular stimuli. One
mechanism for rapidly translating extracellular chemical
signals into electrical signals is through ligand-gated ion
channels. -amino butyric acid (GABA)- receptors have
been observed in many pancreatic islet cells. Activation of
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these receptors inhibits glucagons secretion[17] and depolarizes
some types of cell lines[16].
Recently, glutamate has been found to act as an
intracellular messenger in glucose-induced insulin exocytosis
in pancreatic  cell[18–20] and is involved in glucagon exocytosis
in pancreatic  cells[18]. Glutamate modulates exocytosis in
pancreatic  cells and is involved in glucagon exocytosis
through glutamatergic systems including input, output, and
termination of glutamate signals[21]. Glucose also increases
the cellular glutamate content in INS-1 cells and human
islets[19]. In rat islets, Tamarit-Rodriguez et al[22] reported that
glutamate was the only amino acid out of 12 that increased
during glucose stimulation. Oral or intravenous glutamate
can also increase insulin secretion and glucose tolerance in
vivo [23] . In addition, overexpression of glu tamate
decarboxylase (GAD65) in INS-1E cells[24] decreased cellular
glutamate level and subsequently reduced glucose-stimulated
insulin secretion in pancreatic  cells. Although the
physiological role of the glutamatergic system in the islets is
not fully understood at present, glutamate may regulate the
secretion of insulin and glucagon by way of its binding to
the receptors in  and  cells[18,20].
Mechanisms whereby glutamate receptor activation may
control hormone secretion from pancreas or preparations
of pancreatic cells have recently been described. Bertrand
et al[20], showed that glutamate potentiated glucose-stimulated
secretion of insulin from perfused pancreas via actions at
-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
(AMPA)-type glutamate receptors. Interestingly, AMPA
receptor agonists were also shown to increase glucagons
secretion from the same preparation. Such observations
raise important questions about the role of glutamate
receptors in regulating hormone secretion from islet
cells. It has been suggested that the multiple, complex
consequences of glutamate on islet physiology is via actions
of different glutamate receptors expressed in these cells[25].
These studies suggested that the glutamatergic systems in
pancreas, islets could play an important role in controlling
insulin and glucagon release.

MOLECULAR IDENTIFICATION AND
CHARACTERIZATION OF VESICULAR
GLUTAMAT E TRANSPORTERS
VGLUTs play an essential role in glutamate signal output
through vesicular storage of glutamate[26]. Currently, three
VGLUTs, VGLUT1[27,28], VGLUT2[29–31], VGLUT3[32-34], have
been cloned and functionally characterized. These
transporters are highly conserved and have the same
predicted topology with 10 putative transmembrane domains
as shown in Figure 1. Construction of a phylogenic tree
based on the amino acid sequences of related proteins
indicates that mouse VGLUTs form a small family that is
closely related to Caenorhabditis elegans EAT-4, human sialin,
and mouse sodium-dependent phosphate cotransporter 1
(NPT1) (Figure 2). VGLUTs also share similar functional
properties, such as ATP dependence, chloride dependence,
and substrate specificity.
VGLUT1 was initially cloned as a brain-specific Na+dependent inorganic phosphate (Pi) cotransporter (BNPI)
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Figure 1 Predicted secondary structure of VGLUTs. Primary amino acid sequence and predicted secondary structure of rat VGLUT1
(GenBank accession number NM053859), mouse VGLUT2 (GenBank accession number AF324864), and mouse VGLUT3 (GenBank accession
number NM182959). Eight putative transmembrane domains (TMDI–VIII) are indicated. Letter circle indicates amino acids conserved among
all three members.

VGLUT1
VGLUT2
VGLUT3
EAT4
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Figure 2 Phylogenic tree of VGLUTs superfamily. Dendrogram
showing the relationship among rat VGLUT1 (GenBank accession
number NM053859), mouse VGLUT2 (AF324864), mouse VGLUT3
(NM182959), C. elegans EAT-4 (AF095787), human sialin (AJ387747),
and rabbit NPT1 (NM005074).

in 1994 [27], and was recently characterized as the first
VGLUT[35,36]. The VGLUT1 cDNA encodes a 560-amino
acid protein with 8-10 putative transmembrane domains.
The VGLUT1 mRNA is expressed predominantly in brain,
and especially enriched in the cerebral cortex, hippocampus,
and cerebellum [27-30]. In pancreatic islets, VGLUT1 is
expressed in pancreatic polypeptide-containing F cells and
glucagons secretory  cells[7,37] and clonal  cells[30].
Shortly after the first VGLUT was identified, we and
another group cloned VGLUT2, the second isoform of
the family, from different species, human, mouse and rat.
VGLUT2 has all major functional characteristics of a
synaptic VGLUT like VGLUT1, including ATP dependence,
chloride stimulation, substrate specificity, and substrate
affinity. The human VGLUT2 showed 82% amino acid

identity and 92% similarity to VGLUT1. In the CNS, VGLUT2
is highly expressed in medulla, substantia nigra, subthalamic
nucleus, and thalamus. Recent studies showed that VGLUT2
is also expressed in the digestive tissue including ENS,
stomach, intestine and pancreas. By using RT-PCR and
specific antibody, VGLUT2 mRNA and protein are
expressed in the cultured  and  cells[30,31]. Hayashi et al[29]
also suggested that VGLUT2 is present in pancreatic
polypeptide-containing secretory granules in F cells in the
islets of Langerhans VGLUT2 and clonal  cells. In stomach
VGLUT2 is abundant in the antrum and pylorus and is
present in a subset of pancreatic polypeptide-containing
cells. VGLUT2 is also abundant in the ileum and is colocalized with glucagon-like immunoreactive peptide and
polypeptide YY[27].
VGLUT3 is the third isoform of the VGLUT family
that has been cloned very recently[32-34]. In central nervous
system, it shows more restricted expression and is present
in both excitatory and inhibitory neurons, as well as
cholinergic neurons, monoamine neurons, and glia.
VGLUT3 is also expressed in liver and kidney[34] , which
suggests that VGLUT3 functions as a component of
peripheral glutamatergic system. VGLUT3 has not been
reported in the digestive system. Further studies, particularly
in cellular expression and subcellular localization of
VGLUT3, will elucidate the potential roles of VGLUT3
in the digestive system.

FUNCTIONAL CHARACTERISTICS OF
VESICULAR GLUTAMATE TRANSPORTER
IN THE DIGESTIVE SYSTEM
Functional characterization of VGLUT was initially
studied in the neurons and some endocrine cells. Synaptic
vesicles and microvesicles, enclosed in endocrine cells like
pinealocytes, possess an active glutamate-specific
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transporter that is dependent on the extravesicular Clconcentration, on an electrochemical proton gradient across
the vesicle membrane[38-41] and on the temperature[39]. The
dependence of glutamate uptake on ATP-generated proton
electrochemical potential was analyzed in a highly purified
preparation of synaptic vesicles from rat brain[42]. VGLUT
processes depend on the proton electrochemical gradient
(µH+) generated by a Mg2+-activated vacuolar H+-ATPase
(V-ATPase) on the vesicular membrane[43]. When protons
are pumped into the vesicular lumen, a proton gradient
(pH) and a membrane potential () occur across the
membrane to form µH+, which favors the exchange of
luminal protons for cytoplasmic transmitter[38,39,42].
Although glutamate signaling has important impact on
hormones release from the cells of pancreatic islets, and
evidences strongly suggested that pancreatic islets have their
own glutamatergic system, functional characterization of
VGLUT in pancreatic cells was not determined. By using
cultured pancreatic  cells (TC1-9 and human HPAC)
and  cells (rat RIN-m and TC-6), we have recently
functionally characterized VGLUT in these cells[8]. VGLUT
in TC1-9 and TC-6 cells is ATP dependent, as removal
of ATP abolished the uptake. DCCD and bafilomycin A1,
inhibitors for vacuolar Mg2+-ATPase, dramatically inhibited
glutamate uptake. The plasma membrane and mitochondrial
ATPase inhibitors, oligomycin B and ouabain, had no effect
on glutamate uptake in both cells. Vesicular transporter
recognized only glutamate, but not other amino acid,
including aspartate, GABA.
Another feature of the VGLUTs that segregates it from
other neurotransmitter transporters is the marked stimulation
seen in the presence of low concentrations of chloride[30,43-47].
At low concentrations (1-5 mmol/L), chloride stimulates transport,
whereas at higher concentrations (above 10 mmol/L), chloride
inhibits transport. We have shown that low concentrations
of chloride (1-4 mmol/L) stimulated glutamate uptake by
both TC1-9 and TC-6, whereas concentrations higher
than 10 mmol/L attenuated the stimulatory effect, which
resembles that of the neuronal VGLUTs. The vesicular
glutamate transport in both cells was dose dependent and
saturable, with affinity (Km) of 1.5 mmol/L[8].

PHYSIOLOGICAL SIGNIFICANCE OF
VESICULAR GLUTAMATE TRANSPORTERS
IN DIGESTIVE SYSTEM
As glutamate release from vesicles plays an important role
in regulation of insulin and glucagon exocytosis, one question
of immediate interest is whether modulation of the VGLUT
activity might drive changes in synaptic strength and the
subsequent hormone release. Transporters responsible for
vesicular uptake of classical neurotransmitters from the
cytoplasm belong to three distinct families, one for
monoamines and acetylcholine, another for transmitters such
as GABA[48] , and a third for glutamate[30,36]. Inhibition or
reduced activity of the vesicular transporters can decrease
the amount of transmitter stored in vesicles, because both
reduced quantal size and frequency in PC12 cells[49,50] and
in a model of developing neuromuscular junction[51] after
pharmacological blockade of uptake transport by reserpine
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or vesamicol. Evidences suggested that VGLUT is directly
involved in insulin secretion from pancreatic  cells, as
inhibitors of VGLUT suppress the glutamate-evoked insulin
exocytosis[19].
At the neuromuscular junction, convincing evidence that
receptors are not saturated and that synaptic strength can
be influenced by the activity of vesicular acetylcholine
transporters exists[52]. Assuming glutamate receptors are not
saturated by single quanta (and the balance of evidence at
many synapses suggests that they are not), then increasing
or decreasing the activity of a VGLUT could in principle
alter synaptic strength. With these assumptions, regulated
changes in the localization of VGLUT1 and VGLUT2 might
also affect hormone release in pancreas as proposed for
other vesicular transporters[48]. Mice that possess only one
functional vesicular monoamine transporter isoform 2
(VMAT2) allele contain 50% of the dopamine and serotonin
levels of wild-type animals[53-55]. Ventral midbrain cultures
derived from the ventral tegmental area (VTA) of these
mice show a 50% reduction in depolarization-evoked
dopamine release compared to wild-type cultures, suggesting
either a reduced number of vesicles capable of storing
transmitter or reduced quantal size because of decreased
transmitter accumulation per vesicle[53]. Therefore, modulation
of VGLUT expression would have particularly important
effects in the neurons and endocrine cells. It will also be
interesting to study whether regulation of vesicular transporter
activity occurs in response to physiological activity and what
the consequences of such regulation are for excitatory
signaling.

REGULATION OF VGLUTS IN DIGESTIVE SYSTEM
Considerable evidences indicate that the biosynthesis and
transport of neurotransmitters undergo regulation by
physiological or pathophysiological factors. For example,
VMAT2 is an important vesicular transporter for histamine.
Recent work has demonstrated that VMAT2 gene expression
may be regulated by gastrin[56] and ovarian hormones[57] .
Intracellular calcium increases vesicular monoamine
transporter through a transcriptional activation mechanism
in chromaffin cells [58]. Inonmycin stimulates mRNA
expression for both VMAT2 in a pre--cell-line Ea3.123.
Actinomycin D prevented this up-regulation, indicating that
the increased mRNA abundance was the result of increased
transcription[59].
Pancreatic glucagon and insulin secreting cells have
different sensitivities to glutamate according to the glucose
concentration. As glucagon and insulin are hyper- and
hypoglycemic hormones respectively, it might be suggested
that glutamate could play a part in the regulation of
glucose homeostasis. VGLUT1 and VGLUT2 have distinct
physiological regulation due to their complementary
expression in CNS and pancreas. Evan blue, a competitive
inhibitor of VGLUT, has been shown to increase glutamate
storage capacity in NG108-15 cells via increasing of VGLUT1
mRNA expression[60] . Stimulatory glucose concentration
(12.8 mmol/L) increases cellular total glutamate level in rat
insulinoma INS-1 cells and this increase can be abolished
by carbonyl cyanide p-trifluoromethoxyphenylhydrazone,

Li T et al. Vesicular glutamate transporter in digestive system

an inhibitor of vesicular glutamate storage through
VGLUT[61]. We have shown that low glucose concentration
stimulates vesicular glutamate uptake in  cells, while high
glucose concentration stimulates vesicular glutamate uptake
in  cells[8]. The increases of VGLUT in  and  cells are
due to upregulation of VGLUT2 mRNA in response to
intracellular glucose levels. In contrast, expression of
VGLUT1 was not changed by high glucose, although its
expression was more predominant than VGLUT2 in  cell.
These findings suggest that chronic exposure to low
glucose concentration stimulates glutamate uptake into
secretory vesicles in  cell which favors glutamate-evoked
glucagon release, while chronic exposure to high glucose
concentration stimulates glutamate uptake into secretory
vesicles in  cell which favors glutamate-evoked insulin
release. In addition, actinomycin D can suppress mRNA
expressions of VGLUT2 in response to glucose indicating
that transcriptional mechanisms are involved in glucosemediated VGLUT2 regulations in both  and  cells[8] .

PERSPECTIVES
Glutamate signaling in non-neuronal tissue has been
discovered recently. It has been postulated that glutamate
may act as a “cytokine” to influence cellular activity in
peripheral tissues[1]. Glutamate signaling is involved in insulin
and glucagon secretion of pancreatic islets, histamineinduced acid secretion of stomach, and contractility in the
gastrointestinal tract. Differential regulation of VGLUTs
by glucose in pancreatic  and  cells suggested that these
transporters might play a significant role in diabetes. Further
studies on regulation of these transporters in pancreatic
islets might uncover new mechanisms involved in the
pathogenesis of diabetes. Development of gene-specific
inhibitors for VGLUT is of potential pharmaceutical interest
for the treatment of diabetes and GI motility disorders.
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Abstract
AIM: Obesity and insulin resistance (IR) are closely related
to hepatic steatosis (HS), and adiponectin is a hepatic
insulin sensitizer that has important effects in liver function.
This study aims at investigating the relationship between
serum adiponectin concentration and the presence of HS.
METHODS: We carried out a cross-sectional study in a
check-up unit of a University Hospital in Mexico City. We
enrolled 196 subjects, comprising 98 subjects with HS
(27 women, 71 men) and 98 controls (37 women and 61
men). Anthropometric, metabolic and biochemical
variables were measured in the two groups. Serum
adiponectin and leptin concentrations were determined,
their association with grade of HS tested, and concentrations,
according to quartiles, compared between cases and
controls. 2 analysis for linear trends was used to test for
a dose-response relationship and logistic regression
analysis was conducted to test for a protective effect of
adiponectin.
RESULTS: The HS subjects were older and more obese
than controls, with a central obesity pattern. In the fourth
quartile of adiponectin concentrations, HS was less
common and severe. In a multivariate model of the fourth
quartile of the adiponectin concentrations, we observed a
protective effect (OR = 0.17, 95%CI: 0.04-0.67, P = 0.01).
In subjects with more severe HS, we observed higher
leptin concentrations, and caloric intakes, total fat and
iron consumption were higher than in controls.
CONCLUSION: The results of the present study suggest
that a high serum concentration of adiponectin is associated
with a protective effect against HS.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is an increasingly
recognized condition that may progress to end-stage liver
disease. The pathological picture resembles that of alcoholinduced liver injury, but it occurs in patients who do not
abuse alcohol[1]. Various terms have been used to describe
this entity, including fatty-liver hepatitis, nonalcoholic
Laënnec’s disease, diabetes hepatitis, alcohol-like liver
disease, and nonalcoholic steatohepatitis (NASH)[2]. AFLD
is becoming the preferred term, and it refers to a wide
spectrum of liver damage, ranging from simple steatosis to
steatohepatitis, advanced fibrosis, and cirrhosis[3].
The influence of obesity on liver physiology has been
demonstrated in several studies and populations, with the
analyses showing the effects of weight reduction on
biochemical indicators of liver function[4,5]. Obesity, or
indirectly, body mass index (BMI), is a major risk factor
for development of liver disease, and the prevalence of
NAFLD increases 4.6-fold in obese people[3,6]. Other risk
factors associated with NAFLD are waist circumference,
hyperinsulinemia, hypertriglyceridemia and impaired glucose
tolerance or type 2 diabetes[7,8]. The clinical implications of
NAFLD are derived mostly from its common occurrence
in the general population and its potential to progress to
fibrosis, cirrhosis and liver failure.
The molecular basis of the association between insulin
resistance (IR) and hepatic steatosis (HS) remains largely
unknown. Adipose tissue represents an important and very
active endocrine organ that produces a number of
hor mones such as leptin and adiponectin, ter med
adipokines that have been related to the regulation of
insulin sensitivity and other physiological processes[7]. Leptin
plays an important role in the regulation of food intake,
body composition, energy expenditure, and body weight[9],
and it has been suggested that leptin plays a role in the
pathogenesis of nonalcoholic steatohepatitis. On the other
hand, adiponectin has now been added to a list of new
and very exciting players in the field of obesity-related IR.
The aim of this study was to investigate correlations
between leptin and adiponectin concentrations and the
presence and degree of HS.
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MATERIALS AND METHODS
Population and sample
We conducted a cross-sectional study in the check-up unit
of the Diagnostic Clinic at the Medica Sur Clinic &
Foundation. This hospital provides care for mainly middleand high-income individuals from Mexico City and
surrounding metropolitan areas. The study was approved
by the Human Subjects Committee of the Medica Sur Clinic
and Foundation, conforming to the ethical guidelines of
the 1983 Declaration of Helsinki, and written informed
consent was obtained from all participants before entry into
the study. Our sample population was formed from a series
of consecutive asymptomatic subjects who were referred
to the check-up unit by their companies as an annual
employment requirement, not for symptomatic disease. The
study included 196 subjects who agreed to participate, 98
subjects found to have HS (27 women, 71 men) and 98
controls (37 women and 61 men without HS). HS cases
and controls were a series of consecutive asymptomatic
subjects from the check-up unit. Real-time ultrasonographic
studies were performed while the subjects were fasting. A
3.5-MHz transducer was used to obtain the following
images: sagittal view of the right lobe of the liver and right
kidney, transverse view of the left lateral segment of the
liver and spleen, transverse view of the liver and pancreas,
and any focal areas of altered echotexture (Elegra; Siemens
Medical Systems, Mountain Grove, CA). The severity of
echogenicity was graded as follows: grade 0, normal
echogenicity; grade 1, slight, diffuse increase in fine echoes
in liver parenchyma with normal visualization of diaphragm
and intrahepatic vessel borders; grade 2, moderate, diffuse
increase in fine echoes with slightly impaired visualization
of intrahepatic vessels and diaphragm; grade 3, marked
increase in fine echoes with poor or nonvisualization of the
intrahepatic vessel borders, diaphragm, and posterior right
lobe of the liver. Sonographic patterns included the
following: 0, homogeneous, normal; 1, hyperechoic nodules;
2, multiple, confluent hyperechoic lesions; 3, hypoechoic
skip nodules; 4, irregular hyperechoic and hypoechoic areas;
5, diffuse involvement[10]. No discrepancies were found
between the results of the first and second evaluations. In
the second evaluation, all studies for each subject were viewed
side-by-side in a masked fashion.
Diet history questionnaire
Participants completed a food frequency questionnaire
with commonly used portion measures specified. The
questionnaire included questions on the frequency and brand
of multivitamin and individual vitamin supplements. The
answers were subsequently electronically scanned and the
daily intake of various nutrients was determined using
SNUT software a program developed by the Instituto
Nacional de Salud Pública, Mexico City[11], and appropriate
to the Mexican population in order to estimate dietary energy;
protein; carbohydrate; total, saturated, polyunsaturated and
monounsaturated fat; vitamin; mineral; and antioxidant
intake.
Physical examination
Body weight was measured, in light clothing and without
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shoes, to the nearest 0.10 kg. Height was measured to the
nearest 0.5 cm. BMI was calculated as weight (kg) divided
by height squared (m2). Waist circumference to the nearest
0.1 cm was measured at the midpoint between the lower
border of the rib cage and the iliac crest, and hip
circumference was similarly obtained at the widest point
between hip and buttock. Body fat percentage was measured
by bioelectrical impedance (Omron body fat analyzer
modelHBF-306INT).
Analytical procedures
Insulin levels were measured using an immunoenzymometric
assay (MEIA; Abbott Diagnostics), with inter- and intraassay coefficients of variation less than 3%.
Plasma glucose in the fasting state was measured in
duplicate with an automated analyzer. The coefficient of
variation for a single determination was 1.5%. Cholesterol,
HDL-cholesterol, and triglycerides concentrations were
measured by enzymatic colorimetric methods, using CHOL,
HDL-C plus (second generation) and TG assays (Roche
Diagnostics Co., Indianapolis, IN) respectively. LDL
concentrations were calculated using the Friedewald
formula[12] .
Assessment of IR was made using the Homeostasis
Model Assessment (HOMA-IR). Insulin resistance was
assessed using the HOMA-IR originally described by
Matthews et al [13]. HOMA-IR was calculated using the
following formula: HOMA-IR = fasting insulin (U/mL) ×
fasting glucose (mmol/L)/22.5: values >2.522 indicate a
high index of IR.
Plasma leptin and adiponectin levels were determined
by radio immunoassay using RIA kits (Linco Research, St.
Charles, MO, USA). The intra- and inter-assay coefficients
of variation are both less than 5%.
Statistical analysis
Mean±SD were used to describe the distributions of
continuous variables, comparing cases with controls. The
nonparametric Mann-Whitney U-test was applied to
compare these variables owing to the abnormal distribution
of some variables. Adiponectin and leptin distributions,
according to quartiles, were compared between cases (by
HS grade) and controls. 2 testing for linear trends was
used to test for a dose-response relationship. Logistic
regression analysis was conducted to test the adiponectin
distribution by quartiles as a protective main effect in the
probability of HS, controlling for potential confounders.
Odds ratios (OR) were derived for the exponential of the
regression coefficient, and 95% CI were calculated. All
statistical analyses were carried out with the statistics
program, SPSS/PC v12.0 (Chicago, IL).

RESULTS
We studied 98 cases and 98 controls. Men comprised
72.4% of the cases and 62.2% of the controls (P = 0.17).
We observed statistically significant differences between
the HS cases and controls in the mean values for age,
anthropometric variables (waist, hip, BMI, percentage
of body fat), IR, liver enzymes (alanine aminotransferase,

Méndez-Sánchez N et al. Adiponectin and hepatic steatosis
Table 1 Anthropometric, metabolic, and biochemical variables of
cases and controls (mean±SD)
Variable

Cases (n = 98)

Controls (n = 98)

P1

44.4 (11.9)
72.0 (17.4)
168.1 (9.4)
85.1 (11.1)
99.6 (6.4)
0.85 (0.09)
24.7 (3.0)
26.3 (6.4)
4.5 (6.6)
3.6 (9.9)
4.91 (0.59)
36.11 (22.91)
1.2 (0.9)
333.08 (83.27)
70 (5)
41 (3)
15.56 (6.49)
2.39 (1.19)
12.99 (6.15)
24.6 (7.2)
26.6 (14.3)
63.9 (20.4)
5.09 (0.84)
3.25 (0.74)
1.06 (0.26)
1.71 (1.31)
9.10 (5.6)
20.7 (10.8)

0.012
<0.00012
0.96
<0.00012
<0.00012
<0.00012
<0.00012
<0.00012
0.95
0.90
<0.00012
<0.00012
<0.00012
0.0032
0.56
0.39
0.30
0.39
0.11
<0.00012
<0.00012
0.042
<0.00012
0.0032
0.0032
<0.00012
0.006
<0.00012

Age (yr)
48.5 (11.3)
Weight (kg)
82.1 (12.5)
Height (cm)
167.8 (8.9)
Waist (cm)
98.7 (9.1)
Hip (cm)
107.4 (9.6)
Waist to hip ratio
0.92 (0.07)
BMI
29.2 (3.7)
Body fat (%)
31.2 (6.7)
Alcohol (g/d)
5.5 (10.9)
Cigarettes (n/d)
3.6 (8.2)
Glucose (mmol/L)
5.86 (2.26)
Insulin (pmol/L)
65.28 (36.8)
HOMA index
2.5 (1.9)
Uric acid (mol/L)
374.72 (77.32)
Total protein (g/L)
71 (4)
Albumin (g/L)
41 (3)
Total bilirubin (mol/L)
17.1 (9.91)
Direct bilirubin (mol/L)
2.56 (4.27)
Indirect bilirubin (mol/L) 14.19 (6.32)
ALT (U/L)
32.0 (17.2)
AST (U/L)
42.8 (29.5)
Alkaline phosphatase (U/L) 69.7 (23.4)
Total cholesterol (mmol/L) 5.61 (1.08)
LDL-cholesterol (mmol/L) 3.57 (0.83)
HDL-cholesterol (mmol/L) 0.96 (0.23)
Triglycerides (mmol/L)
2.56 (2.4)
Leptin (g/mL)
12.5 (8.5)
Adiponectin (g/mL)
15.3 (9.0)
1

Mann–Whitney U test. 2Significant differences.
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Table 2 Dietary variables between cases and controls (mean±SD)
Variable
Calories (Kcal/d)
Protein (g/d)
Carbohydrates (g/d)
Fructose (g/d)
Glucose (g/d)
Total fat (g/d)
Saturated fatty
acids (g/d)
Monounsaturated
fatty acids (g/d)
Polyunsaturated
fatty acids (g/d)
Iron (mg/d)
Zinc (mg/d)
Copper (mg/d)
Manganese (mg/d)
Selenium (g/d)
Vitamin C (mg/d)
Carotene (UI/d)
-Carotene (g/d)
-Carotene (g/d)
Lutein–xanthine (g/d)
Vitamin E (g/d)
Total tocopherol (mg/d)
-Tocopherol (mg/d)
-Tocopherol (mg/d)
-Tocopherol (mg/d)
-Tocopherol (mg/d)
Cholesterol (mg/d)
Alcohol (mg/d)
Caffeine (mg/d)
1

aspartate aminotransferase and alkaline phosphatase), and
serum leptin and adiponectin concentrations (Table 1). In
general, the HS subjects were older, with greater weight,
BMI, central obesity, IR, and a more atherogenic profile
than controls.
When diet was analyzed, the HS cases reported a pattern
with a greater mean caloric intake for all macronutrients
(Table 2). Some mean values for vitamin intake were also
higher in the HS cases than the controls.
Adiponectin and leptin concentrations were divided
according to quartile distribution. Table 3 shows the
differences of this distribution for cases divided by HS
grade, and controls. The observed gradient dose–response
was more significant for adiponectin than for leptin.
When adiponectin was evaluated as the main effect in
multivariate logistic regression analysis, a protective effect
was observed after controlling for potential confounders
(Table 4). This protective effect for the presence of HS
was higher as the quartile increased. Thus, when comparing
one patient in the highest adiponectin quartile against one
in the lower quartile (reference category), there was a 5.9fold (inverse of the OR of 0.17) lower probability of the
presence of HS. Conversely, high plasma leptin levels appear
to increase the probability of the presence of HS.

DISCUSSION
In this study, we explored the role of serum adiponectin
and leptin concentrations in subjects with and without HS.
We observed great differences in BMI and abdominal

Cases (n = 98)

Controls (n = 98)

P1

2 329 (1143)
80 (45)
290 (139)
36 (26)
30 (22)
79 (46)
27 (18)

1 891 (718)
68 (24)
239 (115)
29 (21)
23 (17)
64 (25)
21 (9)

0.001 2
0.032
0.003 2
0.022
0.022
0.005 2
0.006

37 (21)

30 (11)

0.006

15 (8)

13 (7)

0.022

14 (6)
17 (8)
2 (1)
17 (13)
38 (21)
233 (227)
6 873 (4185)
415 (347)
3 140 (2054)
1 608 (1107)
8 (4)
24 (12)
10 (5)
1 (4)
13 (8)
2 (2)
270 (203)
3 (7)
166 (206)

12 (5)
16 (7)
2 (1)
18 (36)
36 (21)
183 (117)
5 995 (4818)
348 (450)
2 708 (2045)
1 624 (1138)
8 (4)
20 (10)
9 (4)
1 (5)
11 (6)
2 (1)
222 (118)
3 (5)
116 (171)

0.032
0.24
0.55
0.032
0.24
0.042
0.032
0.012
0.02
0.89
0.48
0.02
0.022
0.012
0.06
0.07
0.09
0.60
0.012

Mann–Whitney U test. 2Significant differences.

obesity (waist to hip ratio 0.92 vs 0.85). Similar data were
observed with insulin sensitivity (HOMA-IR 2.5 vs 1.2), a
common characteristic of subjects with NAFLD[14]. In
addition, we found that high plasma leptin levels are
associated with HS.
However, the major finding in this study was that high
levels of adiponectin are associated with a protective effect
against HS. How can we explain these results? First, it has
been suggested that adiponectin concentrations are regulated
mainly by body composition, and the plasma concentrations
of this adipokine are negatively correlated with percentage
of body fat and body fat mass[15] . Decreased adiponectin
concentration, hypoadiponectinemia, has been implicated
in the development of IR[16], hyperlipidemia[17] and various
diseases associated with increased IR. As the development
of IR and hyperlipidemia causes the accumulation of fat in
the liver[14,18], hypoadiponectinemia was expected to be related
to the development of fatty liver.
Second, adiponectin is reported to suppress fatty acid
influx into the liver[19], enhance hepatic insulin actions[20] ,
stimulate peroxisome proliferator-activated receptor [21],
and increase fatty acid oxidation[22]. By these mechanisms,
hypoadiponectinemia might increase fatty acid influx into
the liver, and reduce its metabolism, resulting in the
progression of fatty liver. Furthermore, adiponectin has
been demonstrated to prevent the progression of fatty liver
in animal models[23].
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Table 3 Quartile (Q) distribution of adiponectin and leptin between
cases (by HS grade) and controls
Adiponectin
quartile

Q1
Q2
Q3
Q4
Total

Cases (HS)

Controls

Grade I

Grade II

Grade III

n

%

n

%

n

%

n

%

14
23
29
32
98

14.3
23.5
29.6
32.7
100

14
15
10
9
48

29.2
31.3
20.8
18.8
100

21
9
9
6
45

46.7
20.0
20.0
13.3
100

0
2
1
2
5

0
40.0
20.0
40.0
100

Mean of adiponectin (g/mL)

1740

2 for linear trend = 11.7, P = 0.001.

Number 12

20.67

21
20
19

ANOVA P = 0.001

18
17

15.82

16
15

14.82

14
≈
0

Cases (HS)
Controls

Grade I

Grade II

Grade III

n

%

n

%

n

%

n

%

30
25
23
20
98

30.6
25.5
23.5
20.4
100

9
15
11
13
48

18.8
31.3
22.9
27.1
100

9
8
15
13
45

20.0
17.8
33.3
28.9
100

1
1
0
3
5

20.0
20.0
0.0
60.0
100.0

2

 for linear trend = 4.8, P = 0.03.

Ta bl e 4 Mult ivariate model 1 obtained by logistic regression
analysis test ing adiponectin concentration (by quart ile) as a
protective main effect
Quartile

OR

95%CI

P

Q1
Q2
Q3
Q4

1
0.33
0.24
0.17

0.10–1.02
0.07–0.77
0.04–0.67

0.052
0.022
0.012

Figure 1 Serum adiponectin concentrations according to HS severity.

12.89

13
Mean of leptin (g/mL)

Q1
Q2
Q3
Q4
Total

Volume 11

Controls HS grade 1 HS grade 2-3

Leptin
quartile

March 28, 2005

12.15
12
11
ANOVA P = 0.005
10
9

≈

9.13

Controls HS grade 1 HS grade 2-3

1
Model controlled for: gender (female vs male), age (≥45 vs <45 yr), leptin
(quartiles), BMI (<25, 25–29.9, ≥30), caloric intake (kcal/d), total-cholesterol
(≥240 vs <240 mg/dL), HDL-cholesterol (<40 vs ≥40 mg/dL), waist (>102 cm in
male, >88 cm in female), and HOMA index (≥2.5 vs <2.5). 2Significant differences.

Third, a recent study showed that hypoadiponectinemia
and activation of the tumor necrosis facter- system occurs
in subjects with NASH, when compared to controls matched
for age, BMI, and sex. Furthermore, adiponectin levels were
lower for individuals with NASH. In addition, Hui et al[24],
found that lower adiponectin concentration was also
associated with higher grades of HS. In the present study,
we found similar results; that is, lower concentrations of
adiponectin were seen in subjects with grades 2 and 3 of
HS (Figure 1).
Another interesting finding seen in this study is the
relationship between serum aminotransferase activities and
grades of HS when compared to subjects without HS.
Although serum aminotransferase activities have been
proposed as markers for liver disease, they have not been
universally accepted. Interestingly, Ruhl and Everhart[25]
attempted to expand our understanding of liver disease in
the US population by presenting an analysis of data from
the Third National Health and Nutrition Examination
Survey (NHANES III). Using these data, they examine the
prevalence of an abnormal alanine aminotransferase (ALT),
defined as ALT >43 U/L for men or women. By eliminating
individuals with moderate to high alcohol consumption,
hepatitis B or C, elevated transferrin saturation or a history
of diabetes mellitus, the authors use the elevated ALT as a
NAFLD. After these exclusions, they found that 2.8% of

Figure 2 Serum leptin concentrations according to HS severity.

the population had an elevated ALT. Elevated ALT was
associated with younger age, male sex, Mexican-American
ethnicity, impaired glucose metabolism and IR, obesity and
measures of central adiposity, as well as higher leptin,
triglyceride, and C-peptide concentrations. In multivariate
analyses, central adiposity, insulin, and leptin concentrations
were the most highly associated factors. They concluded
that those factors are the major determinants of the
association between elevated ALT concentration and higher
body weight. In addition, Yokoyama et al[26], in a recent study
carried out in 791 Japanese male workers, found that
adiponectin concentrations in subjects with increased
transaminase activities are significantly lower than those in
subjects with normal transaminase activities, which implies
that hypoadiponectinemia contributes to an increase in
transaminase activity. The finding was further supported
by single regression analyses. Together, these results suggest
that hypoadiponectinemia may result in fat accumulation in
the liver, with the development of fatty liver causing
increased mean transaminase activities while leading to an
IR state by attenuation of these events.
Considering the higher body fat composition in subjects
with HS, higher leptin concentrations were associated with
these patients, specifically those with severe steatosis (Table 3
and Figure 2). An increase in leptin concentration suggests
that obesity is the result of leptin resistance, probably an
environmental effect[9] . In our study, differences in diet
variables are evident, with high consumption of calories, total
carbohydrate and total fat (Table 2); however, we cannot
be categorical, considering that leptin resistance is likely to

Méndez-Sánchez N et al. Adiponectin and hepatic steatosis

be the result of a complex interplay of many factors[9,27] .
Subjects with HS (particularly grades II–III) have higher
leptin concentrations (Figure 2). This result is similar to
other reports[28] , however it is not observed in all series.
Hui et al[24], found this pattern only in men, but other reports
do not agree with this finding[29]. Together this indicates that
leptin concentration has an influence on weight gain and
IR, but its role in NAFLD is not well understood.
Finally, when we analyzed the subject’s diets, subjects
with HS reported a pattern with a greater mean caloric,
total fat and iron intake compared with controls. Interestingly,
animal and human models suggest that dietary factors can
directly affect hepatic fatty infiltration and oxidative damage
in different types of liver disease, including alcoholic fatty
liver disease[30]. A recent study from Musso and colleagues[4]
showed that dietary habits may promote steatohepatitis
directly by modulating hepatic triglyceride accumulation and
antioxidant activity, as well as indirectly by affecting insulin
sensitivity and postprandial triglyceride metabolism. Taking
together these observations, we can postulate that it is possible
to use specific alimentary interventions to prevent HS.
In conclusion, the results of this study suggest that high
levels of adiponectin are associated with a protective effect
against HS.
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Abstract
AIM: To investigate the effects of glutamine (GLN)enriched diets before and GLN-containing total parenteral
nutrition (TPN) after sepsis or both on the secretion of
cytokines and their mRNA expression levels in splenocytes
of rats with septic peritonitis.
METHODS: Rats were assigned to a control group and 4
experimental groups. The control group and experimental
groups 1 and 2 were fed a semipurified diet, while
experimental groups 3 and 4 had part of the casein
replaced by GLN which provided 25% of the total nitrogen.
After rats were fed with these diets for 10 d, sepsis was
induced by cecal ligation and puncture (CLP), whereas
the control group underwent a sham operation, at the
same time, an internal jugular vein was cannulated. All
rats were maintained on TPN for 3 d. The control group
and experimental groups 1 and 3 were infused with
conventional TPN, while the TPN in experimental groups
2 and 4 was supplemented with GLN, providing 25% of
the total nitrogen in the TPN solution. All rats were
kiued 3 d after sham operation or CLP to examine their
splenocyte subpopulation distribution and cytokine
expression levels.
RESULTS: Most cytokines could not be detected in plasma
except for IL-10. No difference in plasma IL-10 was
observed among the 5 groups. The IL-2, IL-4, IL-10, and
TNF- mRNA expression levels in splenocytes were
significantly higher in experimental groups 2 and 4 than
in the control group and group 1. The mRNA expression
of IFN- was significantly higher in the GLN-supplemented
groups than in the control group and experimental group
1. The proportion of CD45Ra+ was increased, while those
of CD3+ and CD4+ were decreased in experimental group
1 after CLP was performed. There were no differences in

spleen CD3+ lymphocyte distributions between the control
and GLN-supplemented groups.
CONCLUSION: GLN supplementation can maintain Tlymphocyte populations in the spleen and significantly
enhance the mRNA expression levels of Th1 and Th2
cytokines and TNF- in the spleen of rats with septic
peritonitis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Surgery and trauma induce a generalized state of
immunodepression that is correlated with sepsis. Sepsis
initiates profound physiologic changes which are characterized
by hypermetabolism, altered glucose dynamics, accelerated
lipolysis, and alterations in protein metabolism[1] . These
metabolic abnormalities occurring during sepsis are mainly
resulted from the secretion of cytokines produced by cells
of the immune system and a variety of other tissues.
Circulating cytokine levels are usually used as markers of
injury or infection[2] . However, some cytokines are not
detectable at the site of injury or in the systemic circulation
due to surgery or sepsis, because the peak time of action
varies among cytokines, and many cytokines are bioactive
at levels well below the range of detection limit by current
immunoassays[3]. Recently, a real-time reverse-transcription
polymerase chain reaction (RT-PCR) has been widely used
to quantify cytokine profiles in immune cells and inflamed
tissues. This technique is very sensitive and accurate and
can be performed on very small samples[4].
Total parenteral nutrition (TPN) is commonly used in
the treatment of critically ill patients. Sepsis has been shown
to reduce mesenteric blood flow, and adversely affect the
barrier and metabolic functions of the small intestine[5,6].
Gardiner et al [7], suggested that under a condition of gutderived sepsis, the parenteral rather than the enteral route
had benefits of improving survival in rats. With TPN,
adequate caloric and protein intake can be provided.
However, a prolonged duration of TPN depresses
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proinflammatory cytokine production, and impairs the host
defense against bacterial infection[8] . Recently, glutamine
(GLN) has elicited great interest, because it has been shown
to possess numerous useful physiologic properties. The
beneficial effects of supplying GLN on metabolic stress
conditions include increasing nitrogen retention, preservation
of the integrity of the intestinal mucosal and intestinal
permeability, maintenance of immunologic functions, and
reducing infections [9-12]. We also demonstrated that
preventive use of a GLN-enriched enteral diet could
enhance peritoneal macrophage phagocytic activity, and that
GLN supplementation before or after sepsis could promote
proliferation of total lymphocytes in gut-associated lymphoid
tissues and enhanced immunoglobulin IgA secretion in septic
rats[13,14]. In order to understand the protective mechanisms
of GLN, the roles of cytokines in inflammation and immune
responses of septic hosts need to be further explored. A
study by Wu et al[15], investigated the relation between cytokine
mRNA expression levels and organ damage after sepsis.
However, to the best of our knowledge, there is no study
investigating the effects of GLN administration on mRNA
expression levels of Th1 and Th2 cytokines in the spleen
of septic rats. Therefore, we administered either a GLNenriched diet before, GLN-containing TPN after sepsis, or
both to investigate the timing of GLN used on splenic
cytokine mRNA expression in septic peritonitis. Also, the
distribution of splenocyte subpopulations was analyzed to
understand the effects of GLN on the phenotype of splenic
lymphocytes in septic conditions. We used cecal ligation and
puncture (CLP) as the sepsis model in this study, because
this model mimics a visceral perforation, and is clinically
more relevant than direct intravascular injection of bacteria
or pure endotoxin[2,16].

MATERIALS AND METHODS
Animals
Male Wistar rats aged 8 wk and weighing 200-230 g were
used in this study. All rats were housed in temperature- and
humidity-controlled rooms and allowed free access to
standard rat chow for 1 wk prior to the experiment. The
care of the animals followed the guidelines for the care and
use of laboratory animals established by the Animal Care
Committee of National Taiwan University Hospital, and
protocols were approved by the committee.
Study protocol
Rats were randomly assigned to a control group and 4
experimental groups. The control group and experimental
groups 1 and 2 were fed a common semipurified diet. Rats
in experimental groups 3 and 4 were fed an identical diet
except that part of casein was replaced by GLN, which
provided 25% of the nitrogen (Table 1). After rats were
fed the respective diets for 10 d, sepsis in the experimental
groups was induced by CLP, whereas the control group
underwent a sham operation. CLP was performed according
to the method of Wichterman et al [17] . Briefly, rats were
anesthetized with intraperitoneal pentobarbital (50 mg/kg),
and the abdomen was opened through a midline incision.
The cecum was isolated, and a 3-0 silk ligature was placed
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around it, ligating the cecum just below the ileocecal valve.
The cecum was then punctured twice with an 18-gauge needle
and placed back into the abdomen. The abdominal wound
was closed in layers. Immediately after the sham or CLP
operation, all rats underwent placement of a catheter for
TPN infusion. A silicon catheter (Dow Corning, Midland,
MI, USA) was inserted into the right internal jugular vein.
The distal end of the catheter was tunneled subcutaneously
to the back of the neck, and exited through a coiled spring,
which was attached to a swivel allowing free mobility of
animals inside individual cages. Two milliliters per hour were
administered on the first day. Full-strength TPN was given
thereafter, and continued for a period of 3 d. The infusion
speed was controlled by a Terufusion pump (Model STC503, Terumo, Tokyo, Japan). The TPN solution without
fat was prepared in a laminar flow hood. Sterilized fat
emulsions were added to the TPN solution daily just before
use. The TPN solution was infused for the entire day at
room temperature. All animals were allowed to drink water
freely, and no enteral nutrition was administered during the
period of TPN. The control group and experimental groups
1 and 3 were infused with conventional TPN. The TPN
solutions for experimental groups 2 and 4 were supplemented
with GLN, which provided 25% of the total amino acid
nitrogen in the TPN solution. TPN provided 280 kcal/kg
body weight for the rats. The kcal density of the TPN
solution was 1 kcal/mL, and the kcal/nitrogen ratio was
120:1. The TPN solutions were isonitrogenous and identical
in nutrient compositions except for the difference in the
amino acid content (Table 2). There were 5 groups of rats
in this study: control group, GLN not supplemented before
or after the sham operation (n = 9); group 1, GLN not
supplemented before or after CLP (-/-) (n = 11); group 2,
a semipurified diet given before and GLN-containing TPN
after CLP (-/+) (n = 9); group 3, a GLN-enriched diet given
before and conventional TPN after CLP (+/-) (n = 9); and
group 4, a GLN-enriched diet given before and GLNcontaining TPN after CLP (+/+) (n = 11).

Table 1 Compositions of semipurified diet (g/kg)
Ingredients
Casein

GLN-supplemented

Without GLN

165

220

GLN

45

-

Total nitrogen

34.4

34.4

Corn starch

667

657

Soybean oil

44

44

Vitamin mixture1

10

10

Salt mixture2

35

35

Methyl-cellulose

30

30

Choline chloride

1

1

DL-methionine

3

3

1

The vitamin mixture contained the following (mg/g): thiamin hydrochloride
0.6, riboflavin 0.6, pyridoxine hydrochloride 0.7, nicotinic acid 3, calcium
pantothenate 1.6, D-biotin 0.02, cyanocobalamin 0.001, retinyl palmitate 1.6, DL-tocopherol acetate 20, cholecalciferol 0.25, and menaquinone 0.005. 2 The salt
mixture contained the following (mg/g): calcium phosphate diabasic 500, sodium
chloride 74, potassium sulphate 52, potassium citrate monohydrate 220, magnesium
oxide 24, manganese carbonate 3.5, ferric citrate 6, zinc carbonate 1.6, cupric
carbonate 0.3, potassium iodate 0.01, sodium selenite 0.01, and chromium
potassium sulphate 0.55.
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Table 2 Compositions of TPN solution (mL/L)
GLN-supplemented
Glucose 50%
Fat emulsion 20%
Moriamin-SN 10%1
GLN

418

Without GLN
412

50

50

417

556

11

—

Infuvita2

8

8

NaCl 3%

35

35

KCl 7%

10

10

K3PO4 8.7%

10

10

Ca-gluconate

10

10

MgSO4

4

4

Zn SO4

2

2

Choline chloride (g)

1

1

1
From Chinese Pharmaceuticals, Taipei, Taiwan. Contents per deciliter: Leu 1 250 mg,
Ile 560 mg, Lys acetate 1 240 mg, Met 350 mg, Phe 935 mg, Thr 650 mg, Trp 130 mg,
Val 450 mg, Ala 620 mg, Arg 790 mg, Asp 380 mg, Cys 100 mg, Glu 650 mg, His
600 mg, Pro 330 mg, Ser 220 mg, Tyr 35 mg, and aminoacetic acid (Gly) 1 570 mg.
2
From Yu-Liang Pharmaceuticals, Taoyuan, Taiwan. Contents per milliliter:
ascorbic acid 20 mg, vitamin A 660 IU, ergocalciferol 40 IU, thiamine HCl 0.6 mg,
riboflavin 0.72 mg, niacinamide 8 mg, pyridoxine HCl 0.8 mg, D-panthenol
3 mg, dl--tocopheryl acetate 2 mg, biotin 12 g, folic acid 80 g, and
cyanocobalamin 1 g.

Measurements and analytical procedures
TPN was continued until kiuing on d 3 after CLP, at
which time rats were weighed and anesthetized. After a
middle abdominal incision was made, 10 mL PBS was
injected intraperitoneally, and peritoneal lavage fluid (PLF)
was collected for nitric oxide (NO) measurement. Splenocytes
were obtained by mechanical disruption of the spleen with
a spatula on a stainless steel mesh. Cell suspensions were
passed through a sterile nylon mesh to remove debris. RBCs
were lysed by sterile distilled water for 15 s, and immediately
neutralized to isotonic cell suspensions. After being washed
with PBS thrics (300 r/min centrifugation for 5 min),
splenocytes were resuspended in RPMI-1640 with antibiotics
and fetal calf serum. The number of isolated splenocytes
was determined by a hemacytometric count using the trypan
blue dye exclusion method.
Plasma cytokine immunoassay IL-2, IL-4, IL-10, and
IFN- concentrations in plasma were determined by
commercially available ELISA kits (Amersham Pharmacia
Biotech, Buckinghamshire, UK).
Determination of NO3-/NO2- in peritoneal lavage fluid
NO was highly unstable in solution and could not readily be
assayed. However, NO was converted to stable nitrite and
nitrate ions in aqueous solution. After conversion of nitrate
to nitrite using nitrate reductase, nitrite concentrations
were measured using the Griess reagent. NO 3-/NO 2concentrations in PLF were determined with a commercial
kit (Assay Designs, Ann Arbor, MI, USA). Procedures were
described in the manufacturer’s instructions.
Lymphocyte subpopulations in the spleen Flow
cytometry was used to determine the proportions of
CD45Ra, CD3, CD4, and CD8 from splenocytes. Cells at
105 were suspended in 100 L HBSS containing fluoresceinconjugated mouse anti-rat CD3 (Serotec, Oxford, UK) and
phycoerythrin-conjugated mouse anti-rat CD45Ra (Serotec)
to distinguish T and B cells, respectively. Fluoresceinconjugated mouse anti-rat CD8 and phycoerythrin-
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conjugated mouse anti-rat CD4 (Serotec) were used to
identify T helper cells and cytotoxic T lymphocytes,
respectively. After being stained for 15 min, 1 mL red blood
cell (RBC) lysing buffer (Serotec) was added to lyse the
RBCs and to fix the stained lymphocytes. Fluorescence data
were collected on 5×10 4 viable cells and analyzed by flow
cytometry (Coulter, Miami, FL, USA).
Real-time reverse-transcription polymerase chain
reaction (RT-PCR) method The primers of cytokines
(I L-2, I L-4, I L-10, TNF-, and IFN- ) and the
housekeeping gene (18S rRNA) were purchased from
Applied Biosystems (Foster City, CA, USA). Total RNA
from rat spleens was isolated using the TRIzol reagent
according to the manufacturer’s protocol. RNA was reversetranscribed using the reverse transcript system (Frementas,
Vilnius, Lithuania). Briefly, 20 L water containing 2 g
RNA was mixed with 1 L oligo (dT) primer (0.5 g/L)
and incubated for 5 min at 70 ℃. To the mixture, 4 L 5×
RT-buffer, 2 L dNTP (10 mmol/L), 1 L RNase inhibitor,
and 1 L MultiScribe-RT (200u/L) were added and
incubated at 37 ℃ for 5 min, then at 42 ℃ for 60 min.
The reaction was stopped by heating the samples for 10 min
to 70 ℃. cDNA was used for the real-time PCR assay
performed with an ABI 7700 sequence detection system
(PE Applied Biosystems, Foster City, CA) according to
supplied guidelines. PCR reaction for IL-2, IL-4, and IL-10
was carried out using a TaqMan PCR kit (Applied Biosystems).
Statistical analysis
Data were expressed as mean±SD. Differences among
groups were analyzed by one-way ANOVA using Fisher’s
test. P<0.05 was considered statistically significant.

RESULTS
Plasma cytokine concentrations
Plasma levels of IL-2, IL-4, and IFN- could not be detected
across groups 3 d after CLP. There were no differences in plasma
IL-10 concentrations among all groups (data not shown).
NO3-/NO2- concentration in peritoneal lavage fluid
The NO 3-/NO 2- concentration in group 4 (+/+) was
significantly higher than that in the control group (P<0.05),
and showed no difference from the other experimental groups
(control, 11.2±9.1 mol/L; group 1, 17.4±14.7 mol/L;
group 2, 15.6±11.2 mol/L; group 3, 21.5±14.4 mol/L;
group 4, 28.1±16.9 mol/L).
Cytokine mRNA expression levels
IL-2, IL-4, IL-10, and TNF- mRNA expression levels in
splenocytes were significantly higher in groups 2 (-/+) and
4 (+/+) than in the control group and group 1 (-/-). IL-2
and IL-4 mRNA expressions in group 3 (+/-) were higher
than in the control group, but showed no differences from
those in group 1 (-/-). There were no differences in IL-10
and TNF- mRNA expression levels between the control
group and experimental groups 1 and 3. mRNA expression
levels of IFN- were significantly higher in the GLNsupplemented groups (groups 2, 3, and 4) than in the control
group and group 1 (Figure 1).
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Lymphocyte subpopulations
Proportions of CD45Ra+ in splenocytes were significantly
higher, whereas CD4+ was significantly lower in the
experimental groups than in the control group. No significant
differences in CD45Ra+ or CD4+ distributions were observed
among the 4 experimental groups. The proportions of CD3+
in group 1 (-/-) were significantly lower than in the control
group, whereas no differences were observed among the
control and Gln supplemented groups (Figure 2).

DISCUSSION
In this study, we administered TPN to rats for 3 d and then
kiued them, because in a preliminary study, we found that
the total number of Peyer’s patches on the serosal side of
the intestine was much greater on the 3 rd d than on any
other days after CLP. This is consistent with the observation
that the severity of infection and mortality were the highest

at this time point in septic peritonitis[17].
Analysis of cytokine profiles plays a central part in the
characterization of disease-related inflammatory pathways
and the identification of functional properties of immune
cell subpopulations. In this study, we were unable to detect
plasma IL-2, IL-4, or IFN- on d 3 after CLP. This result is
consistent with our previous report that plasma IL-2 and
IFN- were not detectable 24 h after CLP[18]. Cruickshank
et al [19] , also reported that plasma IL-1, TNF, and IFN-
were rarely detected in the plasma of injured patients. In
order to understand the possible roles of GLN in systemic
cytokine expression after sepsis, expression levels of IL-2,
IFN-, IL-4, IL-10, and TNF- mRNA in the spleen were
measured. IL-2 and IFN- are produced by Th1
lymphocytes. Th1 cytokines could enhance cell-mediated
immunity. A predominant Th1 effect could result in
activation of macrophages and T lymphocytes, particularly
in cytotoxic and delayed-hypersensitive cells. Th2 cytokines,
including IL-4 and IL-10, enhance humoral immunity. A
predominant Th2 effect results in activation of B
lymphocytes and upregulation of IgG1, IgA, and IgE
production and mucosal immunity[20]. The effects of Th1
or Th2 lymphocytes are counter-regulatory. In this study,
we used real-time RT-PCR to quantify cytokine mRNA
expressions in the spleen. Real-time RT-PCR has been
proven to have a good correlation in transcription levels
with competitive RT-PCR, and to be a sensitive and rapid
tool for quantifying mRNA expression [4]. The results
demonstrated that mRNA expression levels of IL-2, IFN-,
IL-4, and IL-10 in splenocytes were significantly higher in
GLN-supplemented groups than in the control group. This
finding indicates that GLN enhanced both Th1 and Th2
cytokine mRNA expression levels in septic conditions, and
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GLN administered after CLP had a greater effect than
before CLP on cytokine mRNA expression.
In this study, we found that the splenocyte proportion
of CD45Ra+ was increased, while those of CD3 and CD4
were decreased in group 1 after CLP was performed. These
findings suggest that cellular immunity was suppressed and
humoral immunity was enhanced under the condition of
extracellular infection. Although GLN supplementation seemed
to have no effect on the splenic total B (CD45Ra+) lymphocyte
distribution in this study, our previous report with the same
study design showed that GLN supplementation promoted
plasma and intestinal IgA secretion in septic rats[13] . This is
consistent with the increased IL-4, IL-10 mRNA expression
levels in the present study. A study by Fukatsu et al [21],
revealed that TPN could decrease IL-4 and IL-10 mRNA
expression levels in lipopolysaccharide-stimulated intestinal
laminar propria cells, but GLN supplementation preserved
the expression and maintained the intestinal IgA secretion.
IL-2 has effects principally on promotion of growth
and differentiation of T lymphocytes. IFN- plays a major
regulatory role in the macrophage antimicrobial mechanism.
TNF- is a proinflammatory cytokine that could activate
macrophages[20]. In this study we found that groups with
GLN supplementation after CLP had significantly higher
IL-2, IFN-, and TNF- mRNA expression levels than the
control group and the group without GLN. These findings
are consistent with the results that GLN supplementation
helped maintain total T lymphocyte populations in the spleen
and enhanced peritoneal macrophage phagocytotic activity
as previously described[13]. Moreover, we also observed that
the NO3-/NO2- concentration was significantly higher in
group 4 (+/+) than in the control group. NO is a simple
and unstable free radical produced in large quantities during
host defense and immunologic reactions. Because it has
cytotoxic properties and is generated by activated
macrophages, it has been considered to play a role in
nonspecific immunity[22]. It is possible that macrophages are
activated after TNF- and IFN- expression which may
consequently promote the release of NO, thus enhancing
the phagocytic activity of peritoneal macrophages.
In summary, this study showed that GLN administration,
especially that administered after CLP, significantly
enhanced the mRNA expression levels of Th1 and Th2
cytokines. The mRNA expression of proinflammatory
cytokine, TNF-, was also increased when GLN was
administered. Although the effects of Th1 and Th2
lymphocytes are counter-regulatory, cytokine mRNA
expression and protein secretion may be regulated by
different mechanisms in various tissues and organs, and
the influence of the ultimate immune response on specific
tissues or organs may vary. Whether there are intracellular
factors which regulate the post-transcriptional expression
of these cytokines requires further investigation.
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Abstract
AIM: To ascertain the molecule mechanism of nuclear
factor-B (NF-B) inhibitor curcumin preventive and
therapeutic effects in rats’ colitis induced by trinitrobenzene
sulfonic acid (TNBS).
METHODS: Sixty rats with TNBS-induced colitis were
treated with 2.0% curcumin in the diet. Thirty positive
control rats were treated with 0.5% sulfasalazine (SASP).
Thirty negative control rats and thirty model rats were
treated with general diet. Changes of body weight
together with histological scores were evaluated. Survival
rates were also evaluated. Cell nuclear NF-B activity in
colonic mucosa was evaluated by using electrophoretic
mobility shift assay. Cytoplasmic IB protein in colonic
mucosa was detected by using Western Blot analysis.
Cytokine messenger expression in colonic tissue was
assessed by using semiquantitative reverse-transcription
polymerase chain reaction.
RESULTS: Treatment with curcumin could prevent and
treat both wasting and histopathologic signs of rats with
TNBS-induced intestinal inflammation. In accordance with
these findings, NF-B activation in colonic mucosa was
suppressed in the curcumin-treated groups. Degradations
of cytoplasmic IB protein in colonic mucosa were blocked
by curcumin treatment. Proinflammatory cytokine messenger
RNA expression in colonic mucosa was also suppressed.
CONCLUSION: This study shows that NF-B inhibitor
curcumin could prevent and improve experimental colitis
in murine model with inflammatory bowel disease (IBD).
The findings suggest that NF-B inhibitor curcumin could
be a potential target for the patients with IBD.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intestinal mucosa has functions of excretion, absorbability,
immunity and barrier. Mucosal barrier function is composed
of intestinal epithelial cells, components outside cells and
immune system. They can block deleterious matter from
entering the body. Mucosal barrier function is preternatural
when intestinal inflammation occurs. Pathogenesis of
inflammatory bowel disease (IBD) is ambiguous. IBD
includes ulcerative colitis (UC) and Crohn’s disease (CD) in
the clinic. Both of them are characterized by mucosal
inflammation in pathologic histology[1,2]. The common point
in mucosal inflammation research has been offered for
preventing and treating IBD. It is important for scientists
in the digestive domain. Intestinal mucosal inflammation
induced by environment, descendiblity and immunity.
Immunity is crucial above all. Homeostasis of TH1/TH2
type cytokines is important in intestinal mucosal immunity.
Proinflammatory cytokines were significantly enhanced and
anti-inflammatory cytokines were decreasing in intestinal
inflammation.
Incidence of IBD is high in the western countries. It is
increasing in countries of Asia year after year. Treatments
for IBD in clinic cause big side effects. Their aims are
ambiguous and they are costly. Their curative effects are
not satisfying. Filtrating high effects and low toxicity of
natural anti-inflammatory medications are desired for the
treatment of patients with IBD. Curcumin is a natural plant
phenolic active component. Spice curcumin has different
pharmacologic effects, including antitumor, antioxidation and
anti-inflammatory modulation of immunity functions[3–6].
The pleiotropic effects of curcumin owe to inhibition of
transcriptional factor nuclear NF-B. A study had shown
that curcumin blocks a signal upstream of NF-B-inducing
kinase and IB kinase in intestinal epithelial cells[7]. The
study was promising to ascertain via molecule mechanism
whether NF-B inhibitor curcumin prevents and cures
intestinal mucosal inflammation in IBD. Using rats colitis
model induced by TNBS, this research is to ascertain
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preventive and therapeutic effects of NF-B inhibitor
curcumin. At the same time, it is also to ascertain its molecule
mechanism of pharmacologic effects in intestinal mucosal
inflammation.

MATERIALS AND METHODS
Animals and grouping
In this study, 10-12 wk old and 200-250 g male SPF Wistar
rats were used. All rats were bred under clean barrier
conditions in Animal Laboratorial Center of First Military
Medical University. Rats were randomly divided into 5
groups: negative control group, positive model group,
treatment positive control group, curcumin preventive group,
curcumin therapeutic group.
Model of colitis and treatment
To induce intestinal inflammation model by portion of 50 mg
hapten TNBS (Sigma Company) in 2 mL 50% ethanol.
2 mL mixed liquor was fleetly injected into the intestine of
each group of Wistar rats while negative control rats received
2 mL 50% ethanol.
Curcumin (purity, 95%) was purchased from BDH
Company in England. For dietary administration, curcumin
was mixed with the feed to concentrations 2.0%. Preventive
group rats were administered 2.0% curcumin starting 3 d
before administration of TNBS (group 4, 2.0% CUR-P).
Therapeutic group rats were administered 2.0% curcumin
just after administration of TNBS (group 5, 2.0% CUR-A).
Sulfasalazine (SASP) was mixed with the feed to a concentration
of 0.5%. Treatment positive control rats were treated with
0.5% SASP starting 3 d before administration of TNBS
(group 3, 0.5% SASP). Negative control rats were treated
with general feed after administration of 50% ethanol (group
1, ETHA). Positive model rats were treated with general
feed (group 2, TNBS). Two weeks after administration of
TNBS, all the rats were killed.
Histological analysis and grades
For histological analysis, rats’ colons were fixed in 40 g/L
formaldehyde, and paraffin-embedded tissue sections were
stained with HE (hematoxylin and eosin) using standard
techniques. Histological changes were graded[8]: 0, no signs
of inflammation; 1, very low level of leukocyte infiltration;
2, low level of leukocyte infiltration; 3, high level of leukocyte
infiltration, high vascular density, and thickening of the colon
wall; 4, leukocyte transmural infiltration, loss of goblet cells,
high vascular density and thickening of the colon wall.
NF-B activation analysis
Proteins extracts were prepared according to the method
of the Nuclear Extract Kit (Active Motif Company). The
Nuclear Extract Kit has been developed for the preparation
of nuclear, cytoplasmic extracts from rat’s tissue. Protein
was stored at -80 ℃. Protein concentrations were measured
by Bradford assay.
For electrophoretic mobility shift assay to monitor
NF-B activation of intestinal mucosa, 10 g of nuclear
extracts was preincubated- in 10 L reaction buffer [2 ng
poly dI_dC (Sigma Company), 25% glycerol, 1 mol/L NaCl,
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10 mmol/L MgCl2, 10 mmol/L DTT, 0.2 mol/L Tris HCl,
10 mmol/L EDTA] for 15 min at room temperature. As
a controlmeasure, 1 L 200-fold molar excess of cold
NF-B competitor oligonucleotide probe was added during
preincubation. After pre-incubation, 25 000-50 000 CPM
32
P end-labeled NF-B oligonucleotide hot probe (5’AG TT GG GGACT TT CC CAG GC -3 ’; 3’ -C TC CC
CTGAAAGGGTCCGTTGA-5’; composed by Shanghai
Sangon Biological Engineering Company) was added to the
reaction mixture and incubated for 30 min. The reaction
mixture was loaded onto a 8% polyacrylamide gel containing
Tris-borate-ethylenediamine-tetraacetic acid buffer and
electrophoresis was performed at 130 V for 3 h. Gels were
dried and exposed to Kodak X-ray film.
IB degradations analysis
Using the same technique as herein before narrated for
cytoplasmic protein extracts and protein concentrations
measure. Using Western blot analysis to monitor degradations
of cytoplasmic IB protein of intestinal mucosa. For each
sample, equal amounts (50 g, 20 L) of protein lysates
were heated to 97 ℃ for 5 min and loaded onto 12% SDSPAGE gel. Proteins were electrotransfered to PVDF membranes
(Bio-Rad Company) by BIO-RAD TRANS-BLOT SEMIDRY TRANSGER CELL apparatus, blocked in Blocking
Buffer (1×TBS, 0.1% Tween with 50 g/L nonfat dry milk)
for 1 h at room temperature, and then incubated membrane
and 1:500 rabbit polyclonal anti-IB primary antibody
overnight at 4 ℃. (Santa Cruz Biotechnology Company).
Incubated membrane with 1:5 000 Peroxidase-Conjugated
(HRP-conjugated) secondary antibodies for 1 h at room
temperature, and then to detect protein marker in ECL
Western blotting detection reagents (Amersham Company).
Exposed to Kodak X-ray film are developed.
Cytokine IL1 and IL10 mRNA analysis
Semi-quantitative RT-PCR analysis of IL1 and IL10
mRNA was extracted from total RNA from 50 to 100 mg
colon mucosa with TRIzol Reagent (Invitrogen Company).
The 1 g RNA was converted to complementary DNA
using random hexonucleotides in 10 L of reversetranscription reaction solution and then used for polymerase
chain reaction, and then using Oligo-dT Primer and MMuLV reverse transcriptases (Promega Company). For PCR
amplification, one-fourth of the reverse transcription
product and 10 mmol/L of each oligonucleotide as primers
were used. After one denaturation step at 95 ℃ for 5 min,
30 cycles of amplification were performed: denaturation
at 94 ℃ for 30 s, annealing at 47 ℃ for 45 s, synthesis at
72 ℃ for 1 min, and extension at 72 ℃ for 5 min. The
primers used were as follows: to check cDNA quality,
GAPDH sense: 5’-ACCACAGTCCATGCCATCAC-3’,
GAPDH antisense 5’-TCCACCACCCTGTTGCTGTA-3’
(452 bp); IL1 sense: 5’-CTTCTTCTTTGGGTATTGTT-3’,
IL1 antisense: 5’-CCTCTGTGACTCGTGGGA-3’ (325 bp);
IL10 sense: 5’-GCAGACAAACAATACGC-3’ IL10
antisense: 5’-ACTTGCCCTCATCCC-3’ (264 bp). One-tenth
of the amplified products was run on 1% agarose gels in
1×Tris-borate-ethylenediamine-tetraacetic acid buffer and
visualized with ethidium bromide.
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Figure 1 Effects of curcumin on the survival rate of rats with TNBSinduced colitis. Group 1: 50% ethanol group. Group 2: TNBS group.
Group 3: 0.5 % SASP group. Group 4: 2.0% curcumin preventive
group. Group 5: 2.0% curcumin therapeutic group.

Effects of curcumin on body weight of rat with TNBS-induced
colitis
As shown in Figure 2, body weights of positive model rats,
with TNBS-induced colitis, had obviously decreased (more
than 15% after 2 d); body weights had recovered gradually
from d 6 but not fully to the initial weights in 2 wk. Negative
control rats receiving 50% ethanol without TNBS had
gained weights. However, body weights had increased to
113.3% of the initial weights in 2 wk. In all groups of rats
with treatment, body weights recovered from d 2. Body
weights were significantly higher than those of untreated
positive model rats on d 2-14. Body weights in the group
of 50% ethanol were significantly higher than those of other
groups (P<0.05). Body weights in the group of TNBS were
significantly lower than those of other groups (P<0.05).
Body weights in three groups of treated rats had no
significant difference (P>0.05).

mean±2SE weight

Statistics analysis
The results of rats’ body weight were expressed as mean±SE
The Survival rates comparison was determined by the 2
test, with P<0.05 considered significant. Statistics of
histologic scores were determined by Two-Independent
Samples Tests, with P<0.05 was considered significant. All
data were automatically performed by statistical software.

RESULTS
Effects of curcumin on the survival rate of rats with TNBSinduced colitis
As shown in Figure 1, the survival-rate of positive model
rats with TNBS-induced colitis was 60%. The survival rate
of negative control rats with 50% ethanol was 100%. In
preventive and therapeutic model, the survival rates of rats
were 93.33% and 80%. The survival rate of positive control
rats treated with 0.5% SASP was 76.67%. Compared to
that of rats with colitis, the survival rate of rats treated with
medicine was significantly higher. However, the survival
rate of 2.0% curcumin preventive mode is particular
(against group 2, P<0.02). According to the data, preventive
treatment with curcumin is capable of increasing the survival
rate of rats with colitis induced by TNBS.
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Effects of curcumin on histologic scores of rats with TNBSinduced colitis
We have characterized the histological features of colitis in
rats subjected to TNBS enema by staining with HE (Figures
3A-E). Then we evaluated the effects of curcumin on
TNBS-induced colon lesions on histologic scores. The results
of histologic scores were shown in Table 1. In the mucosa
of rats with TNBS-induced colitis, many dispersive and
focal ulcers were detected. Dilapidation of tissues epithelium
induced inflammatory infiltration. There was a very high
level of leukocyte infiltration accompanied with obvious
tissues putrescence. In the mucosa of rats of 2.0%
curcumin preventive and therapeutic groups, low level of
inflammation was detected. Mucosal inflammation of
curcumin groups was significantly decreasing than that of
untreated groups. In this experiment, the histologic scores
of 2.0% curcumin and 0.5% SASP-treated rats were
significantly lower than that of untreated rats with colitis
(50% ethanol group against TNBS group P<0.01, TNBS
group against three medication groups P<0.05).

Table 1 Histologic scores of rats with TNBS-induced colitis
Group

Cases

Histologic Scores
0Grade 1Grade 2Grade 3Grade 4Grade

ETHA

30

9b

17 b

3b

1b

0b

TNBS

18

0

2

4

5

7

0.5%SASP

23

0a

6a

9a

6a

2a

2%CUR-P

28

1a

14 a

9a

3a

1a

24

0

a

a

a

a

123

10

2%CUR-A
Count
a

7
46

10
35

5
20

2a
12

P<0.05 ,bP<0.01 vs TNBS group.

Effects of curcumin on NF-B activity of colonic mucosa in
rats with TNBS-induced colitis
As shown in Figure 4, we performed electrophoretic mobility
shift assay using nuclear extracts of colonic mucosa from
each model rat. Unlabeled specific oligonucleotides of 200fold molar excess inhibited NF-B mobility shift (Lane 2),
indicating that the DNA-protein complex is specific. This
land was cold probe control for the other lands. Unlabeled
probes of 200-fold molar excess were added to the reaction
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Figure 3 Results are shown as the intestinal histologic features of each group rats stained with HE. A: 50% ethanol group; B: TNBS group;
C: 0.5 % SASP group; D: 2.0% curcumin preventive group; E: 2.0% curcumin therapeutic group.

mixture of lane 3 (Lane 2). The administration of 50%
ethanol had not activated NF-B DNA binding activity of
nuclear extracts in the colonic mucosa. The administration
of TNBS alone had enhanced NF-B DNA binding activity
(Lanes 3, 4), which was suppressed by treatment with 0.5%
SASP (Lane 5) and 2.0% curcumin (Lanes 6, 7).
Effects of curcumin on cytoplasmic IB degradations
Since NF-B activity is controlled by the steady state level
of IB, we further investigated the effect of curcumin on IB
degradation in rat’s colonic mucosa. As shown in Figure 5,
IB protein levels were analyzed by Western blotting,
respectively using cytoplasmic extracts of colonic mucosa
from each model rat. 50% ethanol groups had a high level
of cytoplasmic IB (Lanes 1, 2). Intestinal inflammation
of TNBS group induced significative IB degradation (Lane
3). IB degradations were both blocked by 0.5% SASP and
2% curcumin treatment (Lanes 4, 5, 6).

1 2 3 4 5 6 7

Figure 4 Effects of curcumin on NF-B activity of colonic mucosa in
rats with TNBS-induced colitis. Lane 1: 50% ethanol group; lane 2:
cold probe control group; lanes 3 and 4: TNBS group; lane 5: 0.5 %
SASP group; lane 6: 2.0% curcumin preventive group; lane 7: 2.0%
curcumin therapeutic group.

Effects of curcumin on expression of cytokine genes in the
colonic mucosa in TNBS-induced colitis
By reverse-transcription polymerase chain reaction analysis,
our results showed that mRNA levels of proinflammatory
cytokine, such as IL-1, in colon specimens from rats with
TNBS-induced colitis, was significantly higher than that in
normal controls. Anti-inflammatory cytokine IL-10 level
in colon specimens from rats with TNBS-induced colitis
was relatively lower than that in normal control, but there
was no significant difference between the two groups. High
IL-1 mRNA expression was observably suppressed in
colon specimens from curcumin-treated and SASP-treated
rats with TNBS-induced colitis. Low IL-1 mRNA
expression was observably increased in colon specimens
from curcumin-treated and SASP-treated rats with TNBSinduced colitis (Figure 6).

DISCUSSION
Homeostasis of TH1/TH2 type cytokines is important in
intestinal mucosal immunity. T helper cells excrete a lot of
cytokines and chemokines in normal intestinal tissue. They
induce other types of cell infiltration, such as leukocytes,
monocytes, macrophages and other lymphocytes. They
induce inflammatory and immune responses aiming
nosogenesis outside cells which could straightly or indirectly
cause damage of intestinal epithelial cells. Most notable CD
and UC and other chronic evolutional intestinal inflammation
are all mediated by proinflammatory immune responses
induced by diversified antigens. However, studies had made
sure that TH1 type cytokines play a predominant role in
intestinal mucosal immunity either in various animal models
of IBD or in patients with IBD. Proinflammatory cytokines
were significantly high expression and anti-inflammatory

Jian YT et al. Effects of NF-kappaB inhibitor curcumin in rats’ colitis
1

2

3

4

5

6

7

A

F ig ur e 5 Result s are shown as effects of curcumin on IB
degradations. Lanes 1, 2: 50% ethanol group; lane 3: TNBS group;
lane 4: 0.5% SASP group; lane 5: 2.0% curcumin preventive group;
lane 6: 2.0% curcumin therapeutic group.

cytokines were low expression. Expression of proinflammatory
cytokines in TH1 type immune response such as IL-1,
IL-6, IL-12, IL-18 , TNF- and IFN- in intestinal mucosa
of animal models and humans IBD were significantly
enhanced[9–12]. Expression of anti-inflammatory cytokines
such as IL-4, IL-5 and IL-10 were low level[12–15].
In our animal experimental model of IBD induced by
TNBS, treatment with 2% curcumin and 0.5% SASP can
suppress proinflammatory cytokine IL-1 mRNA high
expression and increase anti-inflammatory cytokine IL-10
mRNA low expression in colonic mucosa.
Canonical pathway of NF-B activation selectively
regulates diversified inflammatory cytokines chemotactic
cytokines and conglutinant cytokines[16,17]. The movement
of activation NF-B into the cellular nucleus is controlled
by the targeted phosphorylation and subsequent degradation
of IB. Studies have elaborated several important and
unexpected findings that explain mechanisms of NF-B
activation. In the nucleus, NF-B dimers bind to target DNA
elements and activate transcription of genes encoding
proteins involved with immune or inflammation responses
and with cell growth control[18].
Previous observations provide evidence for IBD that
NF-B activation is significantly elevated in UC and CD[19].
SASP, mesalamine, and corticosteroids having been used in
different formulations for the treatment of patients with
both acute and chronic IBD in clinic during the past decades,
which all are NF-B inhibitors[3,20-22] . They have sundry
defects such as steroid dependence and steroid resistance,
decreasing glucose tolerance, hypohepatia and pancreatitis.
Now, more potent and selective treatment strategies with
anti-sense p65 for IBD, aim at the prevention of NF-B
activation in mucosal macrophages and T lymphocytes.
However, NF-B regulated genes are also involved in
survival responses of epithelial cells[20].
Curcumin is the major constituent of turmeric powder
extracted from the rhizomes of the plant Curcuma longa
Linn. Curcumin is used as a spice to give the specific flavor
and yellow color to curry[23]. As a traditional medicine,
turmeric has also been widely used for centuries to treat
inflammatory disorders in its original countries[24]. In our
report, we analyzed the effect of NF-B inhibitor curcumin
on preventing and curing TNBS-induced colitis in rats.
Scientists had understood curcumin mechanism of action
in regulating the NF-B/IB pathway. Phosphorylation of
IB on serines 32 and 36 is necessary for its degradation and
consequent NF-B activation[25-28]. Curcumin could inhibit
the activation of NF-B in different type of cells[7,29-31] .
Curcumin blocks a signal upstream of NF-B-inducing
kinase and IB kinase using intestinal epithelial cells[7]. Our
report indicated that curcumin and SASP are acting on a
common component in the signaling pathways. Blockade
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Figure 6 Effects of curcumin on expression of cytokine IL-1 mRNA
(A) and IL-10 mRNA(B) in the colonic mucosa in TNBS-induced colitis.
Lane M: DNA MARKER. Lane 1: 50% ethanol group; lane 2: TNBS
group; Land 3: 0.5% SASP group; lane 4: 2.0% curcumin preventive
group; Land 5: 2.0% curcumin therapeutic group.

of IB degradation by them could involve decrease of IB
phosphorylation or inhibition of various kinases activity.
We studied preventive and therapeutic effects of NF-B
inhibitor curcumin in rats with TNBS-induced colitis.
Preventive treatment with curcumin could evidently increase
survival rate of colitis rats and ameliorate histopathologic
signs of TNBS-induced intestinal inflammation. This study
provides a strong rational base of curcumin preventing IBD.
We suggested that curcumin be applied for patients with
IBD in clinic in the near future.
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Abstract
AIM: To investigate the expression of matrix metalloproteinase-2 and tissue inhibitor of metalloproteinase-1 in
hepatic fibrosis and the antifibrogenic role of exogenous
interleukin-10 (IL-10).
METHODS: Hepatic fibrosis was induced by CCl 4
administration and 60 male Sprague-Dawley rats were
randomly divided into normal control group (group N, 8
rats), CCl4-induced group (group C, 28 rats) and IL-10treated group (group I, 24 rats). At the beginning of the
7th and 11th wk, rats in each group were routinely perfused
with pronase E and type IV collagenase through portal
vein catheter and the suspension was centrifuged by 11%
Nycodenz density gradient to isolate hepatic stellate cells
(HSCs). RT-PCR was used to analyze mRNA of MMP-2 and
TIMP-1 from freshly isolated cells. Densitometric data were
standardized with -actin signals. Immunocytochemistry was
performed to detect MMP-2 and TIMP-1 expression in
HSC cultured for 72 h.
RESULTS: Compared to group N in the 7th wk, MMP-2
and TIMP-1 mRNA increased in group C (P = 0.001/0.001)
and group I (P = 0.001/0.009). The level of MMP-2 and
TIMP-1 mRNA in group I was significantly lower than that
in group C (P = 0.001/0.001). In the 11th wk, MMP-2 mRNA
in group I was still lower than that in group C (P = 0.005),
but both dropped compared with that in the 7th week
(P = 0.001/0.004). TIMP-1 mRNA in group I was still lower
than that in group C (P = 0.001), and increased in group C
(P = 0.001) while decreased in group I (P = 0.042)
compared with that in the 7th wk. Same results were found
by immunocytochemistry.
CONCLUSION: Expression of MMP-2 and TIMP-1 is increased
in hepatic fibrosis. IL-10 exhibits an antifibrogenic effect
by suppressing MMP-2 and TIMP-1 expression.

INTRODUCTION
Hepatic fibrosis is a common pathological change resulted
from various chronic hepatic injuries characterized by an
increase of extracelluar matrix (ECM) deposition in the
Disse’s space and the imbalance between synthesis and
degeneration of ECM [1,2]. There is an evidence that liver
fibrosis is a potentially reversible process involving effective
ECM degradation[3,4].
Hepatic stellate cells (HSCs) play a central role in the
pathogenesis of liver fibrosis, a key feature of which is
their ability to regulate matrix degradation in the liver [5] .
Following liver injury, these cells proliferate and are activated
to a profibrogenic myofibroblastic phenotype. In addition
to increasing matrix protein synthesis, HSCs express a wide
range of matrix metalloproteinases (MMPs) and specific
tissue inhibitor of metalloproteinases (TIMPs). MMPs and
TIMPs may play a significant role in hepatic fibrosis[6].
In the present study, rat hepatic fibrosis model was
established, HSCs were isolated and the expression of MMP-2
and TIMP-1 in HSC was determined to investigate their possible
roles during CCl4-induced hepatic fibrogenesis in rats and
the effect of interleukin-10 (IL-10) on this change in vivo.
MATERIALS AND METHODS
Establishment of models
Sixty clean male Sprague-Dawley rats weighing 200-300 g
(provided by Shanghai Experimental Animal Center) were
divided randomly into three groups. The control group
(group N) included 8 rats, the CCl4 group (group C) included
28 rats and the IL-10 group (group I) included 24 rats,
respectively. All the rats were bred under routine conditions
(room temperature, 22±2 ℃; humidity, 55±5%; light, 12 h
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per day; free access to water and food). The rats of group
N were injected intraperitoneally with saline 2 mL/kg, twice
a week. The rats of group C and group I were injected
intraperitoneally with 50% CCl4 (dissolved in castor oil)
2 mL/kg, twice a week. From the third week, the rats of
group I were injected intraperitoneally with IL-10 4 g/kg
(dissolved in saline) 20 min before they were injected with
CCl4. All injections were given twice a week until the rats
were killed with their body weight determined before each
injection. At the beginning of the 7th and 11th wk, two rats
from each group were selected randomly for histological
examination, five rats from each group were selected
randomly for isolating HSCs.
Histological examination
In the 7th and 11th wk, two rats in each group were killed to
collect liver samples. The liver tissues were fixed in 40 g/L
formaldehyde and embedded with paraffin. Sections were
stained with HE and examined under a light microscope.
Hepatic stellate cell extraction
In the 7th and 11th wk, five rats in each group were used to
isolate HSCs. Isolation and identification of HSC were
described previously[7]. Briefly, the rat liver was perfused
via portal vein with 0.02% pronase E (Merck) and 0.025%
type IV collagenase (Sigma). Cell suspension was centrifuged
by 11% Nycodenz (Sigma) density gradient to isolate HSC.
The viability of HSC was determined by trypan blue
exclusion staining. The purity of HSC was identified by the
expression of desmin (human anti-rat monoclonal antibody,
DAKO) using immunocytochemistry S-P method.
Hepatic stellate cell culture and S-P immunocytochemistry for
MMP-2 and TIMP-1
Preparations of HSC were seeded onto 96-well plastic tissue
culture plates at 1×106 cells/mL in DMEM containing 20%
fetal calf serum. HSCs were incubated at 37 ℃ in an
atmosphere of 50 mL/L CO2, most of HSCs attached to
the dishes 72 h after primary culture. Then the 96-well
plates were washed twice with 0.1 mol/L PBS and fixed
with poly-formaldehyde at 4 ℃ overnight. The following
procedures were performed according to the instructions
of streptavidin/peroxidase (S-P) kit (Beijing Zhongshan
Company). The dilution of goat anti-rat MMP-2 and TIMP1 monoclonal antibody (Beijing Zhongshan Company) was
1:300. Briefly, cells were washed with PBS, incubated with
bovine serum albumin in PBS, reacted with primary antibody
dissolved in PBS, washed again and incubated with
peroxidase-conjugated second antibody, washed again and
reacted for 20 min with S-P. A brown reaction product was
developed by incubation with a buffer containing 3,3diaminobenzidine tetrahydrochloride (DAB). In the negative
controls, the primary antibody was replaced by PBS. The
reactions were assessed according to their intensities and
percentage of the positive cells.
First strand cDNA synthesis
Total RNA was extracted from freshly isolated HSC
according to the RNA isolation kit (Jingmei Biotechnology
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Company of Shenzhen) instructions. Then its quantity and
purity were assessed by measuring the optical density at
260 and 280 nm, the ratio of A260 and A280 ranged from
1.8 to 2.0. One microgram of total RNA was reverse
transcribed into complementary DNA (cDNA) according
to the instructions of first strand cDNA synthesis kit
(Fermentas Life Sciences Jingmei Biotechnology Company
of Shenzhen). Twenty microliters of reaction mixtures were
transcribed at 42 ℃ for 60 min, at 99 ℃ for 5 min.
Polymerase chain reaction for MMP-2 and TIMP-1
PCR system contained 2 L cDNA, 5 L 10×buffer, 5 L
25 mmol/L MgCl2, 1 L 10 mmol/L dNTP, 1 L 20 pmol/L
target gene sense and anti-sense primer, 1 L 20 pmol/L
-actin primer pair, 3 U Taq DNA polymerase. PCR was
carried out as follows: initial denaturation at 95 ℃ for 5 min,
30 amplification cycles (denaturation at 94 ℃ for 45 s,
annealing at 55 ℃ for 30 s, extension at 72 ℃ for 1 min) for
MMP-2 or 28 amplification cycles (denaturation at 94 ℃
for 30 s, annealing at 60 ℃ for 30 s, extension at 72 ℃ for
1 min) for TIMP-1, and final extension at 72 ℃ for 7 min.
Primer sequences were as follows: MMP-2: sense: 5’GTGCTGAAGGACACCCTCAAGAAGA-3’, antisense: 5’TTGCCGTCCTTCTCAAAGTTGTACG-3’; TIMP-1:
sense: 5’-GCCATGGAGAGCCTCTGTGG-3’, antisense:
5’-GCAGGCAGGCAAAGTGATCG-3’; Primers for -actin
were used as the internal control: sense: 5’-GAGCTATG
AGCTGCCTGACG-3’, antisense: 5’-AGCACTTGCGG
TCCACGATG-3’.
Electrophoresis and semi-quantitative analysis
The PCR products were run on 2% agarose gel electrophoresis
and visualized with ethidium bromide staining. The expected
product sizes were 604 bp of MMP-2, 310 bp of TIMP-1
and 410 bp of -actin. Bioimagine system was employed to
detect the density of bands of PCR products. The values
of MMP-2 and TIMP-1 expression were semi-quantified
by scanning densitometry using the ratios of MMP-2/actin and TIMP-1/-actin to assess the relative level. The
detection was analyzed five times. SPSS10.0 was used to
describe the difference between groups.

RESULTS
Results of histological examination and HSC isolation
Specimens from group N showed normal structure of
hepatic lobules (Figure 1A). Liver fibrosis became remarkable
during the treatment with CCl4. In the 7 th wk, specimens
from group C showed that hepatic lobular structure was
destroyed completely, steatosis and ballooning degeneration
were obvious with lots of mononuclear cells and unusual
neutrophils surrounding the centrilobular veins and fibrotic
septa, the collagen fibers increased and began to extend to
the parenchyma (Figure 1B). Only a few inflammatory cells
infiltrated around centrilobular veins without evident changes
of lobular structure in group I (Figure 1C). In the 11th wk,
complete fibrous septa were seen and pseudolobular structures
were also present occasionally in group C (Figure 1D). In
group I, normal lobular structure was present and less fibrotic
septa and inflammatory infiltrates were seen (Figure 1E).
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Figure 1 Effect of IL-10 on liver histological change in rats with hepatic fibrosis (HE×100). A: Rat liver in group N; B: Rat liver in group C in the
7th wk; C: Rat liver in group I in the 7th wk; D: Rat liver in group C in the 11th wk; E: Rat liver in group I in the 11th wk.

The results illustrated that fibrogenesis of group I was much
less severe than that of group C.
A total of 2-4.5×10 7 cells per rat were harvested. Cell
vitality checked by trypan blue exclusion was higher than
95%. The mean purity of freshly isolated HSC was higher
than 95% identified by the expression of desmin (Figure 2).

compared to those in the 7 th wk. Though limited by the
number of samples, the expression of TIMP-1 increased
obviously with the development of hepatic fibrosis, and
decreased after treatment with IL-10; however, the
expression of MMP-2 increased in the earlier phase of
hepatic fibrosis and decreased after treatment with IL-10.

Immunoreactivities of MMP-2 and TIMP-1 in three groups
MMP-2 and TIMP-1 positive expressions were localized in
cytoplasm and cell membrane of HSC in all groups by
immunocytochemistry. In group N, the expression signals
of MMP-2 and TIMP-1 were weak. In the 7th wk, the size
of HSC in group C and group I was a little larger than that
in group N. The number and length of pseudopodia, the
expression signals of MMP-2 and TIMP-1 in group C were
stronger than those in group I (Figure 3). In the 11 th wk,
cell phenotype in group I was a little smaller than that in
the 7 th wk. The expression signals of MMP-2 in group C
decreased obviously compared to those in the 7th wk, while
the expression signals of TIMP-1 in group C increased

Relative amount of MMP-2 and TIMP-1 mRNA in hepatic
stellate cells
In the 7 th wk, MMP-2 and TIMP-1 mRNA increased
obviously in group C compared with that in group N (P<0.01),
and decreased significantly after treatment with IL-10
(P<0.01). In the 11 th wk, MMP-2 mRNA in group I was
still lower than that in group C (P<0.01), but both dropped
compared with that in the 7th wk (P<0.01). TIMP-1 mRNA
in group I was still lower than that in group C (P<0.01) and
group I (P<0.05) compared with that in the 7th wk (Tables
1, 2 and Figure 4).

Table 1 Expression of MMP-2 mRNA in HSC (mean±SD)
Week

n

Group N

Group C

Group I

7

5

0.073±0.006

0.288±0.025b

0.145±0.004 b,d

11

5

0.083±0.004

0.116±0.006 b,f

0.080±0.009 d,f

b

P<0.01 vs group N; dP<0.01 vs group C; fP<0.01 vs 7 wk.

Table 2 Expression of TIMP-1 mRNA in HSC (mean±SD)

Figure 2 Desmin expression of HSC cultured for five days by immunochemistry (SP×100).

Week

n

Group N

7

5

0.968±0.026

1.517±0.050b

1.188±0.025 b,d

11

5

0.980±0.021

2.198±0.042 b,f

0.964±0.026a,d

b

Group C

P<0.01 vs group N; dP<0.01 vs group C; aP<0.05, fP<0.01 vs 7 wk.

Group I

1756

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A

B

C

D

March 28, 2005

Volume 11

Number 12

Figure 3 Expression of MMP-2 (A, B) and TIMP-1 (C, D) of HSC in group C and group I during the 7th wk (SP×100).

DISCUSSION
Liver fibrosis is traditionally considered as a progressive
pathological process involving multiple cellular and
molecular events that lead to deposition of excess matrix
proteins in the extracellular space. When this process is
combined with ineffective regeneration and repair, there is
increasing distortion of the normal liver architecture, and
the end result is cirrhosis[8,9].
Current evidence indicates that liver fibrosis is dynamic
and can be bidirectional (involving progression and

A

1 2 3 M 4 5 6

bp
604
410

B

1 2 3 M 4 5 6

bp
410
310

Figure 4 Agarose gel electrophoresis of RT-PCR product of MMP-2
gene (A) and TIMP-1 gene (B). Lanes 1–3: groups N, C and I in the 7th wk;
lanes 4–6: groups N, C and I in the 11th wk; M: 100-bp DNA ladder.

regression); this pathological process involves major changes
in the regulation of matrix degradation[10].
In the extracellular space, matrix degradation occurs
predominantly as a consequence of the action of a family
of enzymes known as MMPs. MMPs are secreted from
cells into the extracellular space as proenzymes, which
are then activated by a number of specific, usually cell
surface-associated cleavage mechanisms. The activated
enzymes are in turn inhibited by a family of tissue inhibitors
of metalloproteinases (TIMP-1 to -4). By this combination
of mechanisms, ECM degradation is closely regulated, which
prevents inadvertent tissue damage[11].
HSCs situated in the perisinusoidal Disse’s space play
an essential role in liver fibrosis. In normal liver, HSCs are
nonfibrogenic cells containing an abundant amount of
vitamin A. After chronic liver injury, HSCs proliferate, lose
their vitamin A, and transform to -SMA-positive
myofibroblastic cells that are the major source of collagens,
glycoproteins, and proteoglycans accumulated in the fibrotic
liver. A variety of growth factors and inflammatory cytokines
produced by Kupffer cells, hepatocytes, and infiltrating
leukocytes in injured livers induce HSC proliferation or
matrix synthesis[12,13].
When cultured for several days on plates, HSCs from
normal livers undergo activation remarkably similar to that
occurring in vivo after liver injury[14].
IL-10 is an important immunoregulatory cytokine
produced by many cell populations. Its main biological
function is to limit and terminate inflammatory responses
and regulate differentiation and proliferation of immune
cells such as T cells, B cells, natural killer cells, and
granulocytes [15-18]. IL-10 plays a role in inflammatory,
malignant and autoimmune diseases and recombinant human
IL-10 has been produced and tested in clinical trials, suggesting
that IL-10 may become a new therapeutic target[19].
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The knock-out experiments (IL-10/mice) indicated
that endogenous IL-10 actually relieves CCl 4-induced
fibrosis[20,21]. Similar results have been reported by Nelson[22],
but its mechanism remains obscure.
MMPs are able to degrade a wide variety ECM and
play a pivotal role in regulating ECM composition. MMP-2
plays an important role in regulating basement membranes
as it degrades several of its components including collagen
IV, laminin, and fibronectin[23,24]. Our studies showed that
compared with normal liver, expression of MMP-2 mRNA
was increased several folds in CCl4-induced liver fibrosis in
rats. The change promoted further degradation of the
normal liver basement membranes, leading to increased
activation and proliferation of HSC and synthesis of type I
collagen. This positive feedback loop would theoretically
promote the progression of liver fibrosis. The regulation
of MMP-2 is not clear. Cytokine TGF-1 has variable
effects on MMP-2 expression and can promote synthesis
and activation of MMP-2[25,26], and inflammatory cytokines
upgrade the expression of MMP-2 during the earlier stage
of liver fibrosis[27,28].
Furthermore, the present study showed that the level
of MMP-2 decreased in the 11th wk compared with that in
the 7 th wk in hepatic fibrosis model group. Possibly, the
metabolism of collagen could slow down in the later phase
of hepatic fibrosis, and the negative feedback loop could
degrade the expression of MMP-2. On the other hand,
with the development of hepatic fibrosis, the increased
TIMPs inhibit the secretion and activation of MMPs
including MMP-2. In contrast to the other authors[29], our
study showed weak expression in HSC isolated from normal
group. Zhang et al, established CCl4-induced hepatic fibrosis
model and IL-10 intervention model and reported that IL10 can down-regulate the level of cytokines like TGF-1,
TNF- and IL-6. Chen et al[30], investigated rat HSC cultured
in vitro and found that IL-10 inhibits the expression of TGF 1 and FGF, suggesting that IL-10 might inhibit the
expression of MMP-2 indirectly by suppressing the
expression of cytokines and growth factors.
The activities of MMPs are inhibited by TIMPs[31]. Four
members of the TIMP family have been characterized so
far, and designated as TIMP-1, TIMP-2, TIMP-3 and
TIMP-4. TIMP-1 and TIMP-2 are capable of inhibiting
the activities of all known MMPs and play a key role in
maintaining the balance between ECM deposition and
degradation in different physiological processes, including
liver fibrosis development[32] . In the liver, TIMP-1 and
TIMP-2 have been identified and TIMP-1 plays a more
important role in the pathological process of liver fibrosis
than TIMP-2[12,33,34].
In the present study, TIMP-1 expression in HSC was
markedly up-regulated in group C and correlated with the
histological degree of liver fibrosis. Because the expression
of MMP-1 remains unchanged in liver at any stage of
fibrosis[35] , the strong expression of TIMP-1 inhibits the
degeneration of collagen by MMP-1, thus promoting the
deposition of ECM. The continuous deposition of collagen
fibers in the liver finally results in hepatic fibrosis. The result
suggests that TIMP-1 plays a pivotal role in liver fibrosis
development. Whether TIMP-1 has other pathways to
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promote hepatic fibrosis is still unknown; further studies
are needed to elucidate the mechanism.
Antifibrotics can be used to inhibit TIMP-1 expression.
In the present study, we observed the effect of recombinant
IL-10 on HSC expression of TIMP-1 in vivo. Our results
indicate that IL-10 reduces collagen deposition, which
may result from a decrease in TIMP-1 synthesis by HSCs.
Because TIMP-1 and MMP-2 have a similar source, IL-10
might inhibit the expression of TIMP-1 indirectly also by
suppressing the expression of cytokines and growth factors
such as TGF-1, TNF- and IL-6.
In summary, MMP-2 expression increases in the early
stage of hepatic fibrosis and TIMP-1 expression increases
in the whole process of hepatic fibrosis. MMP-2 and TIMP1 play an important role in liver fibrosis, IL-10 exhibits an
antifibrogenic effect by suppressing MMP-2 and TIMP-1
expression.
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Abstract
AIM: To investigate the role of NF-B in the pathogenesis
of TNBS-induced colitis in rats.
METHODS: Thirty-two healthy adult Sprague-Dawley (SD)
rats were randomly divided into four groups of eight each:
normal, NS, model I, model II groups in our study. Rat
colitis model was established through 2-,4-,6-trinitrobenzene
sulfonic acid (TNBS) enema. At the end of four weeks,
the macroscopical and histological changes of the colon
were examined and mucosa myeloperoxidase (MPO)
activities assayed. NF-B p65 expression was determined
by Western blot assessment in cytoplasmic and nuclear
extracts of colon tissue, and the expressions of TNF-
and ICAM-1 protein in colon tissue were examined by
immunohistochemistry. The relativities between expression
of NF-B p65 and other parameters were analyzed.
RESULTS: TNBS enema resulted in pronounced pathological
changes of colonic mucosa in model II group (macroscopic
and histological injury indices 6.25±1.39 and 6.24±1.04,
respectively), which were in accordance with the significantly
elevated MPO activity (1.69±0.11). And the nuclear level
of NF-B and expression of TNF-, ICAM-1 in rats of
model II group were higher than that of normal control
(9.7±1.96 vs 1.7±0.15, 84.09±14.52 vs 16.03±6.21,
77.69±8.09 vs 13.41±4.91 P<0.01), Linear correlation
analysis revealed that there were strong correlations
between the nuclear level of NF-B and the tissue positive
expression of TNF- and ICAM-1, MPO activities,
macroscopical and histological indices in TNBS-induced
colitis, respectively (r = 0.8235, 0.8780, 0.8572, 0.9152,
0.8247; P<0.05).
CONCLUSION: NF-B plays a pivotal role in the
pathogenesis of ulcerative colitis, which might account
for the up-regulation the expression of TNF- and ICAM-1.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC), a major inflammatory bowel disease
(IBD), is chronic inflammatory disorder of the gastrointestinal
tract. Although the exact etiolog y and pathogenetic
mechanisms remain obscure, dysregulated immune and
inflammatory responses have been recognized as involved
in the pathogenesis of IBD[1-4]. There is substantial evidence
that both proinflammatory cytokines-adhesion molecules
and other inflammatory mediators including tumor necrosis
factor (TNF-) and intercellular adhesion molecule-1
(ICAM-1) exhibit a key role in the inflammatory process[5-7].
Their increased production in the intestinal mucosa is thought
to be an important factor in the pathophysiology of intestinal
inflammation in UC. However, the pivotal elements in the
regulation of the increased inflammatory activity remains
unclear.
Thus, the focus of recent researches have been on the
identification of signaling pathways and transcription
factors that bind to gene promoter regions and govern
proinflammatory cytokines and mediators gene transcription
in UC. Recent studies have demonstrated that NF-B is a
key transcription factor of lymphocytes and macrophages
with important regulatory functions in the immune system
and inflammatory processes[8-10]. These functions are at least
partially based on its ability to regulate the promoters of a
variety of genes whose products, such as cytokines,
adhesion molecules and acute phase proteins, are critical
for inflammatory processes. And this factor is formed by
several different dimers of members of the Rel family,
which include NF-B1 (p50), NF-B2 (p52), RelA (p65),
RelB, and C-Rel[11,12]. The heterodimers composed of the
subunits NF-B1 and RelA are the most frequent and active
forms of NF-B[12]. Characteristically, NF-B proteins are
sequestered in the cytoplasm as a result of retention by a
class of inhibitory proteins, referred to as the IB family[13].
On stimulation, IB is phosphorylated and proteolytic
degradation takes place rapidly. The free NF-B is then
translocated to the nucleus and bound to decameric DNA
sequences and activated transcription of target genes[13,14-17].
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In the present study, we investigate whether increased
activation of NF-B is important in TNBS-induced colitis
in rats and attempt to demonstrate the regulating role of
NF-B in inflammatory response.

MATERIALS AND METHODS
Animals and experimental protocol
Thirty-two healthy adult Sprague-Dawley (SD) rats of both
sexes, weighing 150-200 g, obtained from the Experimental
Animal Center of Wuhan University, were housed under
specific pathogen-free conditions, and allowed access to
standard rat chow and water. Before the experiments, they
were acclimatized to the surroundings for one week. The
study protocol was in accordance with the guideline for
animal research and was approved by the Ethical and
Research Committee of the hospital. Rat model of colitis
induced with 2-,4-,6-trinitrobenzene sulfonic acid (TNBS,
Sigma Corporation) enema is described in the literature[18].
Thirty-two experimental animals were randomly divided into
four groups of eight each: normal control group, NS group
treated with saline enema, and model I and II groups
inflicted with TNBS/40% ethanol enema at doses of 50
and 150 mg/kg, respectively. At the end of four weeks, the
animals were killed and the colon samples were collected.
Colon tissues were fixed in 4% paraformaldehyde,
dehydrated and paraffin-embedded. Four-micrometer
sections were cut transversely and stained with hematoxylin
and eosin. Colon macroscopic and histological damage
indices were evaluated by an independent pathologist at
random as reported previously[19]. At the same time, colon
samples from the same sites were also obtained and frozen
immediately in liquid nitrogen for subsequent Western
blot analysis for NF-B p65 protein and MPO activity
determination.
Extracts and Western blot analysis
Colon samples were snap frozen in liquid nitrogen at the
time of removal and later mechanically homogenized in
liquid nitrogen. Nuclear and cytoplasmic extracts were
prepared by adaptation of previously described techniques
through freeze/thaw cycles between crushed ice and liquid
nitrogen[20,21] . Cytoplasmic extracts were collected in an
aqueous buffer containing 10 mmol/L Hepes (pH7.9),
1.5 mmol/L MgCl2, and 10 mmol/L KCl. Nuclear extracts
were prepared by solubilizing the remaining nuclei in a buffer
containing 20 mmol/L Hepes (pH7.9), 420 mmol/L NaCl,
1.5 mmol/L MgCl2, 0.2 mmol/L EDTA and 25% glycerol.
Both buffers were supplemented with 1 mmol/L dithiothreitol,
0.5 mmol/L phenylmethanesulfonyl fluoride, 1 g/mL
aprotinin, 1 g/mL pepstatin, 1 mmol/L benzamidine,
1 mmol/L sodium vanadate, and 1 mmol/L NaF. And
colon tissues from the same sites were homogenized for
the assessment of total tissue concentrations of NF-B
p65 protein. Protein concentration of samples were assessed
using the method of Bradford protein assay, and all samples
were adjusted to an equal protein content before analysis.
Samples (20 g of total protein) were separated on a 12%
denaturing polyacrylamide gel. Separated proteins were
transferred to a nitrocellulose membrane (20 V, 90 min;
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transfer buffer 25 mmol/L Tris, 190 mmol/L glycine, 20%
methanol, 0.5% sodium dodecyl sulfate) by electroblotter
(Bio-rad Corporation). The membrane was placed into
blocking buffer (5% non-fat milk in 20 mmol/L Tris/HCl,
pH7.6, 140 mmol/L NaCl, 0.5% Tween 20) for 1 h at
room temperature. Blocking buffer was decanted and
the membrane was incubated with the primary antibody
(1:1 000 diluted in blocking buffer, Sigma Corporation) on
a shaker at 4 ℃ overnight. After being washed (20 mmol/L
Tris/HCl, pH7.6, 140 mmol/L NaCl, 0.1% Tween 20), the
membrane was incubated with a peroxidase conjugated
secondary antibody, which was diluted in 5% non-fat milk
in wash buffer (1 h; room temperature; gentle shaking).
Being washed, the membrane was exposed to sensitive film
several minutes after incubating in Western blotting luminol
reagent (Cell Signal Corporation). The bands were quantified
by densitometry.
Immunohistochemistry detection
The expression of TNF- and ICAM-1 in colon tissue was
exhibited immunohistochemically, in which the employed
primary polyclonal antibody was 1:100 rabbit-anti-rat-TNF-
and 1:50 goat-anti-rat-ICAM-1 (Santa Cruz Biotechnology
Corporation), and the second antibody was biotinylation
goat-anti-rabbit IgG and rabbit-anti-goat IgG, respectively.
The slide was developed in 0.05% freshly prepared
diaminobenzidine solution for several minutes, and then
counterstained with hematoxylin. The expression of target
protein was further semiquantitated according to the
percentage of positively-stained cells and positive cell
density. In each slide, the number of positive cells was
determined in 16 D ocular micrometer (area of 0.1024 mm2,
magnification×400) in 10 different areas, the average was
positive cell density.
Myeloperoxidase assay
Colon samples were weighed and homogenized in a
solution prepared from the assay kit (Nanjing Jiancheng
Bioengineering Co. Ltd, China), and homogenates of 5%
were obtained and used for MPO assay. MPO can catalyze
the redox reaction of H2O2 and 3, 3, 5, 5-tetramethylbenzidine,
and produces yellow colored compounds through whose
absorbance at 460 nm MPO activity was calculated and
expressed as U/g wet tissue. One unit of MPO activity was
defined as the quantity of enzyme that degraded 1 moL
H2O2 at 37 ℃ per g wet tissue.
Statistical analysis
Experimental results were analyzed by one-way ANOVA
and t-tests for multiple comparisons between groups.
Linear correlation analysis was performed to investigate
the relationship between activity of NF-B and other
parameters. Data were finally expressed as mean±SE of
the mean. P value less than 0.05 was considered statistically
significant.

RESULTS
Macroscopic and histological evidence of inflammation
Pronounced pathological changes of colonic mucosa similar
to that in human IBD were observed in rats with colitis
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induced by TNBS enema. Most animals inflicted with
TNBS enema had disease limited to the rectum and
rectosigmoid, some had disease extending beyond the
sigmoid or had total colitis. The changes were most severe
in the rectum and extended for a variable extent around
the colon. The mucosa was hyperemic, edematous, and
granular, and some small punctate ulcers were visible. In
some samples, the ulceration was linear along the line of
the teniae coli, exuberant regeneration of the epithelium
was found in the colon. The inflammation was predominantly
confined to the mucosa, and the lamina propria became
edematous and the capillaries are dilated and congested,
the ulcers were deep and undermine the surrounding
epithelium. There was an inflammatory infiltrate of
neutrophils, lymphocytes, and macrophages. Eosinophils and
mast cells were also present in increased numbers. The colon
mucosal macroscopic and histological injury indices were
significantly increased in these experimental animals
compared with normal controls (P<0.01). Colonic MPO

Table 1 Macroscopical and histological damage indices and MPO
activity in rats (n = 10)
Group

Macroscopical

Normal control
NS group
Model group I
Model group II

0.75±0.71
1.63±0.74
2.00±0.76b,f
6.25±1.39b,d,f

Histological

MPO activity (U/g)

1.13±0.83
1.38±0.52
3.88±0.99b,f
6.24±1.04b,d,f

0.31±0.08
0.39±0.07
0.71±0.06b,f
1.69±0.11b,d,f

P<0.01 vs normal control; dP<0.01 vs NS group; fP<0.01 vs model group I.

b
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activities of rats in model group were significantly increased
compared with normal group and NS group (P<0.01,
Figure 1 and Table 1).
Western blot of NF-B P65
Nuclear level of NF-B p65 protein were evaluated by
Western blot in colonic samples. Rats of model group II
(150 mg/kg TNBS enema) exhibited higher levels of nuclear
NF-B p65 than those of model group I (50 mg/kg TNBS
enema), NS group, and normal group (P<0.01). In rats of
model group I, more nuclear NF-B p65 was found than
that of normal controls (P<0.01), but no statistical difference
was seen in comparison with NS group. But total levels of
NF-B p65 in colon tissues from the same sites were not
different in rats of model group, NS group and normal
controls (Figures 2, 3).
Expression of TNF- and ICAM-1 in colon tissue
The TNF- and ICAM-1 negatively expressed cells were
manifested as blue-stained nuclei and the positive cell was
with brown-yellow cytoplasma or nuclear membrane.
Colonic TNF- and ICAM-1 positive expressions were
mainly observed on monocytes, neutrophils and there was
also a sparse distribution in epithelial cells and vascular
endothelial cells. The positive cells were predominantly
located within the mucosa and mucosa lamina propria
(Figures 4, 5).The expression of TNF- and ICAM-1 in
colon tissues were significantly increased in rats inflicted
with TNBS enema compared with that of the NS group
and normal controls (Table 2, P<0.01).
Relativity analysis between TNF-–ICAM-1, MPO, mucosal
damage indices and NF-B P65
Linear correlation analysis showed that a strong relativity
existed between the levels of nuclear NF-B p65 and the
positive expression of TNF- and ICAM-1, MPO activity,
mucosal damage indices in TNBS-induced colitis. (r = 0.8235,
0.8780, 0.8572, 0.9152, 0.8247; P<0.05).

A

1

2

3

4

B

1

2

3

4

Figure 1 HE staining showed inflammatory infiltration of colon
tissue in model group×200. A lot of inflammatory cells infiltrated
into the colon tissue.

Model II
14

Optical density

12
10
8

Model I
NS
Normal

6
4
2
0

Nuclear

Total

Figure 2 levels of NF-B p65 in colon tissue of rats with TNBSindued colitis.

Figure 3 Western blotting showed levels of NF-B P65 in colon
tissue of rats. A: Rats of model group II exhibited higher levels of
nuclear NF-B P65 than others; B: total levels of NF-B P65 were
not different in rats. Lanes 1–4: model II, model I, NS, normal groups.
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Figure 4 Immunohistochemical staining for TNF- prot ein
expression. SP×200. A: TNF- protein expression in normal group;
B: TNF- expression in model II group. The number of TNF- immunoreactive positive cells in model group was significantly more than
that of normal controls.

Figure 5 Immunohistochemical staining for ICAM-1 prot ein
expression. SP×200. A: Expression of ICAM-1 in normal group; B:
Expression of ICAM-1 in model II group. The ICAM-1 expression was
upregulated markedly in model group.

DISCUSSION
High levels of circulating and mucosal proinflammatory
molecule are a characteristic feature of IBD[22-26] . Both
TNF- and ICAM-1 have been suggested to be important
mediators involved in the initiation and perpetuation of
intestinal inflammation in UC[27,28]. Infiltration and persistence
of inflammatory cells within tissues are hallmarks of UC.
Recruitment and activation of these cells to the inflammatory
focus are multifactorial events involving adhesion of
circulating cells to the vascular endothelium followed by
tissue migration, and ICAM-1 is an active participant in
mediating leukocyte adhesion to endothelial and epithelial
cells. We confirmed that colon tissue obtained from rats
with TNBS-induced colitis exhibited significantly more TNF and ICAM-1 expressions than normal and negative
cont rols. Th is find ing su pp orted t he idea that
proinflammatory molecules participate in the occurrence
and development of UC.
However, the pivotal factors in modulation of
proinflammatory molecule synthesis remain unknown.
Important candidates are transcription factors that bind to

gene promoter regions and are involved in the regulation
of inflammation gene transcription. Activation of NF-B
may be a pivotal event in proinflammatory signal transduction.
In most resting cells, transcription factor members of the
Rel-NF-B are bound to cytoplasmic inhibitory factors
IBs, and are released on activation induced degradation
of their cytoplasmic inhibitors by the proteasome/ubiquitin
complex[14-17]. NF-B p65 hetero- or homodimers migrate
to the nucleus and regulate transcriptional activity by binding
to specific DNA sequences in promoter/enhancer regions
of inflammation genes[8,12,15,29]. We therefore investigated
the levels of nuclear NF-B P65 protein and found that
increased amounts of NF-B P65 protein in nuclear extracts
of mucosal colon samples of rats with TNBS-induced colitis
in comparison with both those treated with saline enema
and normal controls. The highest levels were seen in rats
inflicted with TNBS at larger dose. Moreover, the protein
concentrations of NF-B p65 were not different in intestinal
mucosa from rats with TNBS-induced colitis, normal
controls and those treated with saline enema if total tissue
extracts were not separated into cytoplasmic and nuclear
extracts. This finding is expected because activation of NF-B
results in a shift from the cytoplasm to the nucleus.
Translocation into the nucleus and binding to target DNA
sequences are important events for NF-B to control
transcription process. Genes regulated by NF-B include
those encoding IL-2-IL-6–IL-8-the IL-2 receptor-the IL-12
p40 subunit- VCAM-1-ICAM-1-TNF-, etc. And studies
have also shown that the ICAM-1 and TNF- gene promoter
have binding sites for NF-B. In our study, we observed
that a strong relativity existed between the levels of nuclear

Table 2 Expression of TNF- and ICAM-1 in colon tissue (n = 10)
Group

TNF- (positive density)

ICAM-1(positive density)

Normal control

16.03±6.21

13.41±4.91

NS group

20.04±6.76

17.50±6.95

Model group I

53.40±8.79b,f

47.01±8.82b,f

Model group II

84.09±14.52b,d,f

77.69±8.09b,d,f

b

P<0.01 vs normal control; dP<0.01 vs NS group; f P<0.01 vs model group I.

Li JH et al. Nuclear factor B P65 in rats with TNBS-induced colitis

NF-B p65 and the positive expression of TNF- and
ICAM-1. These findings suggested that the heightened
activation of NF-B could be a major regulator of
proinflammatory molecule synthesis and secretion in UC.
Our studies also observed that there was a positive
relativity between the levels of nuclear NF-B p65 and
mucosal damage indices and MPO activity, which was
considered as a marker of inflammation in colitis[30,31]. The
results suggested that levels of nuclear NF-B could reflect
severity of diseases and be potentially helpful for us to
evaluate therapeutic efficacy.
In summary, our studies suggested that activation of
NF-B may serve a center function as a key factor in the
pathophysiology of chronic intestinal inflammation. Activation
of NF-B up-regulated the expression of proinflammatory
molecule including TNF- and ICAM-1 and participated
in the occurrence and development of TNBS-induced
colitis. Although further studies are needed to explore the
specific mechanisms of activation and regulation, NF-B
could be a good target for therapy in UC, undoubtedly.
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Abstract
AIM: To investigate the pharmacological effects of rice
flavone (5,4’-dihydroxy-3’,5’-dimethoxy-7-O-  -Dglucopyranosyloxy-flavone, RF) separated from panicledifferentiating to flowing rice on rat experimental hepatic injury.
METHODS: Models of rat acute hepatic injury induced by
carbon tetrachloride (CCl4 ) administration, rat hepatic
fibrosis induced by thioacetamide, injury of primary
cultured rat hepatocytes induced by CCl4, respectively,
were established. After treated with RF, content of serum
alanine transaminase (ALT), aspartate aminotransferase
(AST) and albumin (Alb), hyaluronic acid (HA), the activity
of glutathione peroxidase (GSH-Px), superoxide dismutase
(SOD), and hydroxyproline (Hyp) were measured and liver
tissue was observed pathologically by hematoxylin-eosin
(HE) staining. Effects of RF on pathological changes,
function index, enzyme of scavenging free radicals and
blood rheology were evaluated.
RESULTS: In model of rat acute hepatic injury induced
by CCl4 , RF can significantly decrease the contents of
serum ALT, AST, increase the content of Alb, improve
the dropsy and fat denaturalization of hepatocytes. In
model of rat hepatic fibrosis induced by thioacetamide,
RF can inhibit the increase of HA, Hyp and whole blood
viscosity, and improve the activities of GSH-Px and SOD,
and inauricular microcirculation.
CONCLUSION: RF has apparent protective effects on
hepatic injury by increasing activity of GSH-Px and SOD,
scavenging free radicals produced by CCl4, reducing blood
viscosity, and improving microcirculation and blood supply.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Oxidation-reduction, blood viscosity, and microcirculation
state are important indexes to evaluate the pathological state
of liver. Free radicals’ injury can induce hepatic fibrosis
when it comes to a certain degree. In tradition hepatic fibrosis
is thought to be reversed while liver cirrhosis is not, so
interdicting and reversing hepatic fibrosis are crucial in curing
liver cirrhosis and a lot of intractable liver diseases.
In recent years, lots of in vitro experiments show that
activation of phenotypic antigens on hepatic stellate cells
(HSCs) is very important in the process of hepatic fibrosis.
And oxidative stress can induce the activity of HSCs,
especially in the early stage. Nowadays antioxidants have
become a hotspot of drugs of anti-hepatic fibrosis.
From the past, people use Chinese herbal medicine
containing high content of polyphenols to cure inflammatory,
edema and hepatic injury. Many substances of flavones
have effects of anti-oxidation; many flavones are chosen for
studying anti-hepatic injury and anti-hepatic fibrosis, such as
Silymarin, Scutellarin, Baicalin and Ginkgo biloba extract[1].
Experiments demonstrate that they really have effects of
anti-hepatic fibrosis. We have separated 5,4’-dihydroxy-3’,
5’-dimethoxy-7-O-  -D-glucopyranosyloxy-flavone from
panicle-differentiating to flowering rice (Oryza sativa L. IR.
72 T2)[2]. The protective effects and mechanisms on hepatic
injury and hepatic fibrosis will be tested by establishing
models of rat acute hepatic injury induced by CCl 4
administration, rat hepatic fibrosis induced by thioacetamide,
injury of primary cultured rat hepatocytes induced by CCl4.
MATERIALS AND METHODS
Materials
Male SD rats (230±25 g in body mass) were supplied by
Guangdong Experimental Animal Center. Matrine was
purchased from Guangzhou Mingxing Pharmacy Company.
N-(2-hydroxyethyl)piperazine-N’-2-ethanesulfonic acid
(HEPES) and collagenase were purchased from Sigma
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Corporation. Dulbecco’s Modified Eagle’s Medium
(DMEM) was purchased from Gibco BRL Company.
Trypan blue was purchased from Huamei Company.
Newborn calf serum was purchased from Guangzhou
Stock Farm. Ninety-five percent of rice flavone (RF),
provided by Laboratory of Drugs Pharmacology, School
of Pharmaceutical Sciences, Sun Yat-Sen University, was
dissolved to needed concentrations by 0.5% carboxymethyl
cellulose sodium (CMC-Na) solution.
Methods
Protective effects on acute hepatic injury in rats
induced by CCl4 Sixty healthy male SD rats (weighing
230±25 g) were divided randomly into six groups: normal
control group, model control group, a matrine administration
group, low-, medium-, high-dose groups of RF administration,
10 animals in each. Masculine group was given the injection
of matrine at a dose of 13.5 mg/(kg·d). Three groups received
RF injections at the doses of 4.5, 13.5 and 40.5 mg/(kg·d),
respectively. Rats of normal control group and model
control group were injected with 0.5% sterilized CMC-Na
per day. On the seventh day, after the administration for
2 h, normal group rats were injected intraperitoneally peanut
oil at 0.5 mL/100 g body mass, while rats from other groups
were injected intraperitoneally with peanut oil containing
25% CCl4 at 0.5 mL/100 g body mass. The fasted rats had
free access to water for 24 h. After this, the animals were
exsanguinated, one blood sample was taken, centrifugated
(3 000 r/min for 10 min), and the plasma stored until
analysis. Alb and the activities of ALT and AST in serum
were determined by routine laboratory methods. Rat livers
were resected for histological examination.
Protective effects on rat hepatic fibrosis induced by
thioacetamide Sixty healthy male SD rats (weighing
230±25 g) were divided randomly into six groups: normal
control group, model control group, a matrine administration
grou p, low-, medium-, high-dose grou ps of R F
administration, 10 animals in each. All groups except normal
group were injected intraperitoneally with thioacetamide at
first dose of 20 mg/kg body mass, at later dose of 20 mg/kg
body mass, twice a week for 8 wk. From the 5 th wk,
masculine group was given matrine injection at a dose of
13.5 mg/(kg·d) for 4 wk. Three groups received RF
injections at the doses of 4.5, 13.5 and 40.5 mg/(kg·d) for
4 wk, respectively. Normal control group and model control
group rats were injected with 0.5% sterilized CMC-Na per
day for 4 wk. On the 56th d, fasted rats had free access to
water for 24 h. After this, the animals were exsanguinated,
whole blood viscosity was measured, and HA in serum was
determined by routine laboratory methods. Rat livers were
resected for Hyp examination.
Injury of primary cultured rat hepatocytes induced
by CCl4 Hepatocytes were harvested from SD rat (weighing
250 g) anesthetized with phenobarbitol sodium at a dose of
50 mg/kg body mass; abdomens of the rat was opened
and shaved, the portal vein was exposed and cannulated. It
was perfused at 37 ℃ in situ first with calcium-free
phosphate-buffered saline solution (PBS) for 5 min. The
liver was removed and put into the salver. The perfusion
changed to 0.5 g/L collagenase in PBS buffer for 15 min.
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Then the liver was removed and the cells were combed
gently in tissue culture medium, hepatocytes were pelleted,
washed by centrifugations at 400 r/min for 3 min at 4 ℃.
The supernate was abandoned and the remainder continued
to be cleaned and centrifuged with the solution (142 mmol/L
NaCl, 67 mmol/L KCl, 12 mmol/L CaCl2·2H2O, 10 mmol/L
HEPES, 55 mmol/L NaOH, pH7.4) for three times. Finally,
viability of cells were stained by 0.6% trypan blue exclusion
to observe their survival rate.
The cell concentration was adjusted to 7.5×105 /mL with
culture medium (10% NBS, 10 mmol/L HEPES, 100 U/mL
penicillin and streptomycin, 10 nmol/L insulin, 1×10 nmol/L
dexamethasone). The hepatocytes were plated onto 24-well
plastic tissue-culture plates (2 mL in each well) and 96-well
plastic tissue-culture plates (0.2 mL in each well) culture
medium; primary cultures were maintained for 24 h at
37 ℃ in 50 mL/L CO2. Then RF was added to make its
concentrations to 5×10-4, 5×10-5, 5×10-6 and 5×10-7 mg/mL
respectively, and CCl4 was added to make its concentrations
to 10 mmol/L. After 24 h, cell suspension in 24-well plates
was tested for the concentrations of ALT, AST, Alb, MDA,
SOD and GSH-Px. After 48 h, 5 g/L MTT was added to
96-well plates (20 L in each well). After maintaining for
4 h, dimethyl sulfoxide was added to dissolve the black
crystal. Measurement was read at 570 nm of enzyme-labeled
instrument.
Statistical analysis
Data are presented as mean±SE of the means (mean±SD).
Comparisons among different groups were performed by
t-test with Primer of Biostatistics.

RESULTS
Protective effects on acute hepatic injury in rats induced by
CCl4
Effects of RF on rat liver function RF at the dose of
40.5 mg/kg can significantly decrease the contents of ALT
and AST in serum (P<0.001), and significantly increase the
content of Alb (P<0.001). RF at the dose of 13.5 mg/kg
can also significantly improve the contents of ALT (P<0.001),
Alb (P<0.01) and AST (P<0.05) (Table 1).
Table 1 Effects of RF on rat serum ALT, AST and Alb (mean±SD,
n = 10)
Group

Dose(mg/kg)

ALT (U/L)

AST (U/L)
d

Normal

–

48.22±21.08

Model

–

177.74±19.72

13.5

119.91±41.85b

4.5

137.87±45.93a

13.5
40.5

Matrine
RF

a

41.67±8.94

d

147.22±7.44
98.52±26.36d

Alb (g/L)
49.78±4.75d
37.08±3.19
43.63±3.12d

133.41±25.96

39.15±4.45

68.39±19.30d

118.04±30.90a

43.38±4.77b

80.87±35.32d

95.63±36.90d

45.37±4.04d

P<0.05, bP<0.01, dP<0.001, vs model group.

Histological analysis The hepatocytes in normal group
were funicular around the central vein. The boundaries of
the polygonal cells were blurry, with one to two nucleoli in
the central (Figures 1A and 2A). The hepatocytes in model
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Figure 1 Pathological changes of liver in each group. A: Liver tissue of normal group (HE ×100); B: Liver tissue of model group (HE ×100); C:
Liver tissue of matrine group (matrine 13.5 mg/kg, HE ×100); D: Liver tissue of RF group (40.5 mg/kg RF, HE ×100); E: Liver tissue of RF group
(13.5 mg/kg RF, HE ×100); F: Liver tissue of RF group (4.5 mg/kg RF, HE ×100).

Table 2 Effects of RF on whole-blood viscosity of rat in hepatic
fibrosis model induced by thioacetamide (mean±SD, n = 10)
Whole-blood viscosity (P, mPa/s)
Group

Normal
Model
Matrine
RF

a

Dose
(mg/kg)

Lower sheer rate
10 s

–

10.03±2.36d

–

22.60±4.64

Medium sheer rate
60 s
5.12±0.95d
10.73±1.82

High sheer rate
120 s
4.04±1.03d
7.83±1.35

13.5

12.28±2.72b

6.67±0.88d

5.28±0.71d

4.5

14.44±1.74a

9.60±1.39

7.18±0.60

13.5

16.34±1.76d

8.33±0.711b

6.55±0.40d

40.5

14.44±1.17d

7.76±1.23d

5.96±0.78d

P<0.05, bP<0.01, dP<0.001 vs model group.

Table 3 Effects of RF on HA and Hyp of rat in hepatic fibrosis model
induced by thioacetamide (mean±SD, n = 10)
Group
Normal
Model
Matrine
RF

b

Dose (mg/kg)

HA (g/L)

Hyp (mg/ g)
b

40.42±10.60b

–

214.17±38.61

–

521.96±70.17

192.04±38.29

13.5

415.41±94.24b

145.20±47.21 b

4.5

354.17±59.90b

133.16±27.17 b

13.5

331.89±38.39

b

106.83±21.11 b

40.5

339.19±49.63b

120.28±26.32 b

P<0.001 vs model group.

control group had apparent dropsy and much metamorphic
fat (Figure 1B and 2B). The hepatocytes treated with RF
40.5 mg/kg were in nor mal shape except for a few
metamorphic ones, without metamorphic fat (Figures 1D
and 2D). A little dropsy, much less severe than that in model
control group, appeared in the groups treated with RF
13.5 mg/kg (Figures 1E and 2E) and 4.5 mg/kg (Figures 1F
and 2F), as well as in the matrine group (Figures 1C and 2C).
Effects of RF on rat in hepatic fibrosis model induced
by thioacetamide Compared with normal group, lower,
medium and high sheer rates of whole-blood viscosity, HA
and Hyp of rat in hepatic fibrosis model induced by
thioacetamide significantly increase the content of Alb
(P<0.001). RF at the dose of 13.5, 40.5 mg/kg can significantly
reduce the lower, medium and high sheer rates of wholeblood viscosity (P<0.01), inhibit the increase of HA in serum
and Hyp in liver (P<0.001, Tables 2, 3).
Protective effects on acute hepatic injury in rats induced by
CCl4
Effect of RF on ALT, AST and Alb in the supernatants
of cultured rat hepatocytes injured by CCl4 The contents
of ALT and AST in all RF groups decreased significantly
(P<0.05-0.001), and the contents of Alb in the RF groups
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Figure 2 Pathological changes of liver in each group. A: Liver tissue of normal group (HE ×400); B: Liver tissue of model group (HE ×400); C:
Liver tissue of matrine group (matrine 13.5 mg/kg, HE ×400); D: Liver tissue of RF group (40.5 mg/kg RF, HE×400); E: Liver tissue of RF group
(13.5 mg/kg RF, HE ×400); F: Liver tissue of RF group (4.5 mg/kg RF, HE ×400).

Table 4 Effects of RF on ALT, AST and Alb (mean±SD, n = 8)

Table 5 Effects of RF on SOD, GSH-Px and MDA (mean±SD, n = 8)

Group

Group

Dose (mg/mL)

ALT (U/L)

AST (U/L)

Alb (g/L)

Normal

–

13.5±2.5d

14.1±3.3d

10.8±2.4b

Model

–

88.4±19.6

72.3±14.1

1.7±0.4

Model

5×10-4

59.3±10.7b

42.1±7.9d

7.3±1.3d

RF

5×10-5

45.1±7.6d

30.6±10.6d

5×10-6

69.2±19.1

5×10-7

71.5±20.5

RF

a

Normal

Dose
(mg/mL)

SOD
(U/mg)

GSH-Px
(U/mg)

MDA
(nmol/mg)

–

10.1±0.8b

10.6±1.2b

4.6±0.7b

–

4.2±0.7

3.8±0.6

19.0±2.4

5×10-4

6.1±1.0b

7.6±0.9b

10.3±3.0b

5.5±0.9d

5×10-5

5.9±1.3b

9.1±1.3b

8.2±2.7b

55.0±10.4a

8.4±2.3d

5×10

-6

b

b

12.5±2.0b

60.3±17.1

8.7±2.5d

5×10-7

6.2±1.0b

14.5±1.8b

P<0.05, bP<0.01, dP<0.001 vs model group.

of 5×10-4 and 5×10-5 mg/mL increased significantly (P<0.01,
P<0.001). RF at the dose of 5×10-5 mg/mL was the most
effective among the four doses. These data indicate that
RF can improve the injury induced by CCl4 (Table 4).
Effect of RF on SOD, GSH-Px and MDA in the
medium of cultured rat hepatocytes injured by CCl4
As showed in Table 5, RF can markedly prevent the increase
of MDA and the inactivation of GSH-Px and SOD in liver
(P<0.001). Moreover, RF at the dose of 5×10-5 mg/mL was
the most effective among all doses. The result demonstrates

b

5.6±0.9

5.4±0.5b

6.8±1.1

P<0.001 vs model group.

that RF can enhance the activity of SOD and GSH-Px
enzyme to scavenge the free radicals and inhibit the
production of MDA.
Effect of RF on the survival rate of primary cultured
hepatocytes Observed under light microscopy, hepatocytes
after being treated with CCl4 for 48 h obviously changed as
cytomembrane rough, organelle swollen, chromatin condensed
or ruptured. Most of the cells appeared to be necrotic or
degenerative. Although hepatocytes in all RF doses appear
with different percentages of necrosis, the number was much
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lower than that in CCl4 control. The result determined by
MTT showed that the survival rate in normal control
was 91.64%, compared to that of 49.65% in CCl4 control
(P<0.001). The survival rates at all doses of RF increased
significantly with dose dependence, which was 55.9%,
66.48%, 81.37% and 84.81%, respectively (Table 6).

Table 6 Effects of RF on survival rate of primary cultured rat hepatocytes (mean±SD, n = 3)
Group
Normal
Model
RF

a

Dose (mg/mL)

OD

Survival rate (%)
d

91.64±3.16d

–

1.57±0.05

–

0.82±0.05

49.65±3.05

5×10-4
5×10-5

1.45±0.04d
1.39±0.03d

84.81±2.35d
81.37±3.04d

5×10-6

1.13±0.06 b

66.48±2.58 b

5×10-7

0.96±0.03 a

55.90±3.31

P<0.05, bP<0.01, dP<0.001 vs model group.

DISCUSSION
The mechanism of hepatic injury induced by CCl4 is that
P450 in liver activate CCl4 and produced CCl3. And the latter
attacked the lipid molecules on the cell and intracellular
membrane by hydrogen adsorption to produce LPO. Wholeblood viscosity and HA of hepatic injury of hepatic fibrosis
patients are higher than those of normal people, having
direct effects on blood microcirculation and tissue perfusion.
It will result in slowing blood flow and ischemia among
pathological section in liver, and aggravate pathological
changes.
Theory of “blood flow-activation and stasis-removal to
nourish the liver” is the theoretical basis in the treatment
of hepatic fibrosis in traditional Chinese medicine.
Pathological studies also show that serious microcirculation
barrier occurs in chronic liver diseases. Studies show that
RF has extensive pharmacological effects. RF could
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significantly improve the learning and memory ability in
animal dementia models, such as the impairment of acquisition
of memory in mice induced by M-anticholinergic agents
like anisodine, the impairment of retrieval of memory in
mice induced with central neuron system depressants like
ethanol, mice induced with cerebral ischemia-reperfusion[3].
RF has obvious suppression effect on hepatic fibrosis by
improving liver function of scavenging the free radicals
and MDA to reduce their injury to liver tissue [4]. The
mechanism works at least in two ways: Firstly, by preventing
LPO from being reproduced. Secondly, by improving the
activities of the enzymes of endogenous free radicals in
liver. In the present study, RF significantly improved the
liver function in rats with hepatic injury induced by CCl4
and decreased the contents of ALT and AST. All of these
results indicate that RF can enhance the liver function and
reduce the hepatic injury and fibrosis by reducing blood
viscosity, improving microcirculation and blood supply,
providing the hepatocytes with sufficient oxygen and
nutrition, enhancing the activity of anti-oxidation enzymes
and scavenging free radicals.
In general, RF is effective in anti-hepatic injury and antioxidation, improving microcirculation. As for its rich
resource, RF is promising to be produced in industry and
developed into a new drug of anti-hepatic fibrosis.
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Abstract
AIM: To assess systematically the spectrum and extent
of depressive symptoms comparing patient groups
receiving peginterferon or conventional interferon.
METHODS: Ninety-eight patients with chronic hepatitis
C and interferon-based therapy (+ribavirin) were
consecutively enrolled in a longitudinal study. Patients were
treated with conventional interferon alfa-2b (48/98
patients; 5 MIU interferon alfa-2b thrice weekly) or
peginterferon alfa-2b (50/98 patients; 80-150 g
peginterferon alfa-2b) in combination with weight-adapted
ribavirin (800-1 200 mg/d). Repeated psychometric testing
was performed before, three times during and once after
antiviral therapy: Depression was evaluated by the Hospital
Anxiety and Depression Scale (HADS), anger/hostility by
the Symptom Checklist-90 Items Revised (SCL-90-R).
RESULTS: Therapy with pegylated interferon alfa-2b
produces comparable scores for depression (ANOVA:
P = 0.875) as compared to conventional interferon.
Maximums of depression scores were even higher and
cases of clinically relevant depression were frequent during
therapy with peginterferon. Scores for anger/hostility
were comparable for both therapy subgroups.
CONCLUSION: Our findings suggest that the extent and
frequency of depressive symptoms in total are not
reduced by peginterferon. Monitoring and management
of neuropsychiatric toxicity especially depression have to
be considered as much as in antiviral therapy with
unmodified interferon.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic hepatitis C is one of the most frequent chronic
infectious diseases worldwide with a global prevalence of
1-2%[1]. It has been estimated that approximately 170 million
people are infected with hepatitis C virus (HCV)[2-5]. Chronic
disease occurs in approximately 85% of patients following
HCV infection. Of these patients, up to 20% develop liver
cirrhosis[1,4-6] . The goal of antiviral treatment in chronic
hepatitis C is sustained virological response, which is achieved
at present (combination therapy with peginterferon and
ribavirin) in more than 50% of patients[7,8]. However, medical
treatment for hepatitis C is still unsatisfactory because it is
expensive and often poorly tolerated. An additional problem
is the high prevalence of relevant depression and anxiety[9]
found even in untreated patients with chronic hepatitis C.
These symptoms may be aggravated to a serious degree by
interferon alfa therapy[10-14].
Peginterferon was announced and introduced to be at
least equally or even better tolerable than conventional
interferon alfa[7,8,15-18]. Recent studies confirm this superiority
of the pegylated drug over unmodified interferon alfa at
least concerning quality of life[17,19].
However, improved tolerability of peginterferon has not
yet been shown in studies focusing specifically on frequency
and extent of neuropsychiatric symptoms as depression or
hostility. On the other hand, previous studies have demonstrated
that exactly these variables are relevant for potential cases
of premature termination of antiviral therapy[11,20].
Therefore, we systematically investigated psychiatric
symptoms in HCV-infected patients before, during, and after
therapy with pegylated interferon alfa or conventional
interferon alfa.
The main focus of the present study was to assess - in a
longitudinal design - incidence, spectrum, and extent of
psychiatric symptoms associated with interferon alfa therapy
in patient subgroups treated with conventional or pegylated
interferon alfa.
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MATERIALS AND METHODS
Patients
The participants were 109 consecutive patients in whom
chronic hepatitis C was diagnosed at our institution or who
were referred for interferon alfa therapy of known chronic
hepatitis C. Eleven patients could not be included in the
final evaluation and statistical analysis (dropouts): 6 patients
receiving conventional interferon alfa (withdrawal of consent
to study participation 3, insufficient compliance due to
subjective intolerability 3) and 5 dropouts in the peginterferon
group (withdrawal of consent to study participation 2;
insufficient compliance due to subjective intolerability 1,
coronary heart disease 1, epileptic seizure 1). All these
patients had either prohibited the use of their data by
withdrawal of their participation, or had not reached t3 as
the first important evaluation time point. So, 98 of 109
recruited patients could finally be evaluated.
At the Medizinische Poliklinik (Clinic for Internal
Medicine, Outpatient Department) of Würzburg University,
a multispecialty group of physicians (specialists of
gastroenterology/hepatology and psychosomatic medicine)
cares for patients from a wide geographic radius on an
outpatient and inpatient basis. The first set of patients were
recruited in August 1998, and the latest data included in the
present analysis were obtained in May 2003. Patients with
documented antibody to HCV and serologic confirmation
of active hepatitis C (HCV-RNA: sensitive assay based on
reverse-transcription polymerase chain reaction [CobasAmplicor HCV Monitor ®; Roche Diagnostics, Basel,
Switzerland]) were included.
Patients were excluded from the study if they were
aged under 18 years or over 65 or had co-infections such
as with hepatitis B virus or human immunodeficiency virus,
severe internal diseases (e.g., cancer, ischemic heart disease,
autoimmune disease), major depressive disorder (according
to DSM-IV criteria), psychosis, active intravenous drug use
or alcohol abuse, obvious intellectual impairment, or
insufficient knowledge of the German language. A history
of a depressive episode in the past (at least 12 mo ago) was
not an exclusion criterion.
Study design
This prospective, nonrandomized, and longitudinal study
included 2 consecutive treatment groups (unmodified (n = 48)
and pegylated (n = 50) interferon). Subjects eligible for the
study were patients in whom therapy with interferon alfa
was indicated and who gave written consent to receive this
therapy and participate in the study before enrollment. The
Ethics Committee for Medical Research of Würzburg
University in accordance with the Declaration of Helsinki
approved the study.
According to the changing recommendations in Germany
during the study period, patients were treated with interferon
alfa-2b (5 MIU thics weekly) and ribavirin (recruitment
between August 1998 and August 2000; 48/98; 45.7%), or
with peginterferon alfa-2b (80-150 g weekly; approximately
1.5 g/kg) and ribavirin (recruitment between September
2000 and November 2002; 50/98 patients; 54.3 %). In the
case of virological response, the respective therapy was given
for a total of 12 mo (genotypes 1, 4) or 6 mo (genotypes 2,
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3). All patients received oral ribavirin in a dose according to
their body weight (daily dose: 800 mg for <65 kg; 1 000 mg
for 65-85 kg; 1 200 mg for >85 kg). If the blood hemoglobin
concentration fell below 10 g%, the daily ribavirin dose was
reduced by 200-400 mg.
Before study entry, all eligible patients participated in a
manualized structured interview (German version of the
Anxiety Disorders Interview Schedule-Revised[21]) conducted
face-to-face by a psychologist to exclude severe psychiatric
illness according to DSM-IV[22] classification (psychotic
disorders, major depressive disorder and anxiety disorders) and
to explain the nature and aim of the study. Sociodemographic
factors recorded included gender and age. Data on the
course of the disease and mode of infection were obtained
as well.
In all patients, psychometric scores were obtained before
therapy (t1) and after 4 wk (t2), 3 to 4 mo (t3), and 6 to 8 mo
of interferon alfa medication (t4), as well as 4 wk (t5) after
termination of therapy.
Psychometric instruments
Hospital anxiety and depression scale Depression was
assessed with the well-validated Hospital Anxiety and
Depression Scale (HADS, German version, as published
by Herrmann[23] ). HADS is a 14-item questionnaire with
the dimensions anxiety and depression. All items exclusively
refer to the emotional state and do not reflect somatic
symptoms. The cut-off value for clinically relevant depressive
symptoms was set to ≥9[23].
Symptom checklist-90 revised Anger/hostility was
assessed by the Symptom Checklist-90 Revised (SCL-90-R,
German version, as published by Franke[24]). The SCL-90-R
is a brief, multidimensional self-report inventory designed
to screen for a broad range of psychological problems and
symptoms of psychopathology. We focused exclusively on
the evaluation of one questionnaire subscale (subscale 6,
“anger/hostility”). In accordance with the manual, the cutoff value for highly affected patients was set to ≥8 [24].
Clinical, laboratory, and histological data
Blood samples were obtained during the patients’ medical
visits at time points t1-t5 to evaluate the following parameters:
blood count, transaminases and HCV-RNA. Genotype
identification, anti-HCV antibodies testing and liver biopsy
(staging and grading: inflammation, fibrosis, cirrhosis) were
performed once before interferon alfa therapy. However,
a liver biopsy conducted immediately before study entry
was not a mandatory inclusion criterion. The mode of
infection was documented.
Statistical analysis
Data were registered and analyzed using the Statistical
Package for Social Sciences (SPSS for Windows, German
version 10.0.7)[25]. All tests of significance were 2-tailed. P
values of <0.05 were considered statistically significant.
Because of the explorative character of the study, we did
not consider alpha adjustment in multiple comparisons.
Descriptive analysis
Data describing quantitative measures are expressed as
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median or mean±SD or SE of the mean. Qualitative
variables are presented as counts and percentages.
Tests of significance: Comparison of variables representing
categorical data was performed using the 2 statistic. Mean
differences of continuous variables between patients
subgroups were examined either by t tests for independent
samples (comparison of 2 subgroups, e.g., unmodified
interferon vs peginterferon group) or analysis of variance
(ANOVA) if more than 2 subgroups (factor categories) were
included. Group means of dependent samples (e.g., time
course of continuous variables before, during and after
interferon alfa therapy within the study sample) were
compared by means of ANOVA (repeated-measures design,
GLM procedure[25]). Corresponding contrasts (e.g., t1 vs t3)
were tested using t-tests for dependent samples. Changes
of counts or percentages over time were evaluated by
Friedman’s (non-parametric) ANOVA.
Pearson’s correlation was used when appropriate
(assessment of associations between quantitative variables).

RESULTS
Demographic and biomedical data
The sociodemographic and biomedical characteristics of
the 98 patients receiving therapy with either conventional
or pegylated interferon alfa therapy are presented in Table 1.
The distributions of the variables age, gender, virus genotype
and grade of liver damage are comparable to those observed
in other hepatitis C therapy studies.
Table 1 Patient characteristics
Total sample
n = 98

Peginterferon
+ ribavirin
n = 50

Interferon alfa-2b
+ ribavirin
n = 48

P

40.3±10.0

43.2±7.8

41.8±9.1

0.112

(18-65)

(23-63)

(18-65)

Women

46 (46.9)

26 (52.0)

20 (41.7)

Men

52 (53.1)

24 (48.0)

28 (58.3)

74.6±16.3

73.4±16.4

75.9±16.2

(47-132)

(48-115)

(47-132)

Age (yr)
mean±SD
Range
Sex, n (%)
0.306

Body Weight (kg)
mean±SD
Range

0.439

Acquisition Mode, n (%)
Unknown

29 (29.6)

18 (36.0)

11 (22.9)

IVDU

53 (54.1)

26 (52.0)

27 (56.3)

Post Transfusion 16 (16.3)

6 (12.0)

10 (20.8)

51 (52.0)

26 (52.0)

25 (52.1)

Genotype 2

12 (12.3)

7 (14.0)

5 (10.4)

Genotype 3

33 (33.7)

15 (30.0)

18 (37.5)

Genotype 4

2 (2.0)

2 (4.0)

0 (0.0)

Time course of depression (HADS)
0.460

Liver Damage, 1 n (%)
Hepatitis only

47 (50.0)

18 (38.3)

29 (61.8)

Fibrosis

26 (27.7)

17 (36.2)

9 (19.1)

Cirrhosis

21 (22.3)

12 (25.5)

9 (19.1)

0.065

Sustained Virological Response, n (%)

1

Depression (HADS subscale)
As expected and shown in Figure 1, HADS depression scores
increased significantly in the total sample and returned to
baseline level after termination of antiviral therapy (ANOVA
main effect time: P<0.001).
The reduced sample size (Figure 1) during antiviral
therapy can be explained as follows: T4 evaluation was not
possible in 7 patients due to virological nonresponse (n = 2),
major depressive episodes (n = 3), or nonpsychiatric
intolerability (n = 2).
When comparing patient subgroups according to the
respective therapy modes (pegylated vs conventional
interferon), neither main effect medication (P = 0.875) nor
interaction effect (time × medication; P = 0.494) turned
out to be statistically significant for HADS depression
scores. Figure 1 shows that in our study, patients receiving
pegylated interferon alfa showed more slowly increasing
HADS depression scores with a maximum at t3 and
slightly exceeding the mean scores of the remainder
subgroup after t2. However, this observation was not
statistically significant. Therefore, in our study, time
courses of depressive symptoms according to HADS
scores were not significantly altered by the respective
therapy mode.
Percentages of study patients with (HADS) depression
scores above the cut-off value (≥9) are displayed in
Figure 2. As expected, there was a considerable increase

0.263

Virus Genotype, n (%)
Genotype 1

Patients’ characteristics were similar in both therapy
subgroups with only one exception:
Patients receiving conventional interferon alfa showed
according to the liver biopsy results a higher rate of
“hepatitis only” diagnoses (61.8% vs 38.3%). However, this
difference was not statistically significant (P = 0.065).
Interferon dose reduction (due to weight loss or
intolerability) had to be performed in 7 cases (14.6%) in
the standard interferon group and also in 7 patients (14%)
receiving pegylated interferon alfa-2b.
Ribavirin dose reductions were performed in the case
of hemolysis with blood hemoglobin decline. This was
necessary in 10 patients (20.8%) in the standard interferon
subgroup and in 9 patients in the peginterferon subgroup
(18%).

HADS-D depression scores

Characteristic
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8

Peginterferon

7

Conventional IFN

6

Total sample

5
4
3
t1 (n = 98) t2 (n = 98) t3 (n = 98) t4 (n = 91) t5 ( n = 98)

Responder

52 (53.1)

28 (56.0)

24 (50.0)

Nonresponder

46 (46.9)

22 (44.0)

24 (50.0)

Evaluation time points

0.552

In 4 patients treated with conventional interferon alfa-2b, liver biopsy was
not performed.

Figure 1 Depression scores on the Hospital Anxiety and Depression
Scale (HADS) during interferon therapy (total results and stratification
for therapy subgroups; mean±SE of the mean).
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of cases of relevant depression during antiviral therapy
in the total sample.

Percent

Clinically relevant scores for depression (HADS-D)

50

Conventional interferon

40

Pegylated interferon

30

Total sample

20
10
0
T1

T2
T3
T4
Evaluation time points

T5

Figure 2 Cases of clinically relevant scores for depression according to HADS (stratified for therapy subgroups).

In addition, the stratified presentation of the results for
both therapy subgroups reveals that in patients receiving
peginterferon alfa, there were slightly more cases of clinically
relevant depression during therapy at time point t3 (40% vs
33.3%). However, the observed between-groups difference
was not statistically significant (t3: P = 0.494).
Anger/hostility (SCL-90-R subscale)
Evaluation of another potential interferon-induced adverse
event hostility is displayed in Figure 3. The respective SCL90-R subscale significantly increased during cytokine therapy
within the total study population (P<0.001). Stratification
for therapy subgroups did not reveal any marked differences
with respect to the extent or qualitative time course of anger/
hostility scores.

SCL-90-R anger-hostility scores

Time course of anger-hostility (SCL-90-R)

7
Peginterferon

6

Conventional IFN

5

Total sample

4
3
2
1
t1 (n = 98) t2 (n = 98) t3 (n = 98) t4 (n = 91) t5 (n = 98)

Evaluation time points

Figure 3 Scores for anger/hostility on the Symptom Checklist-90
Items Revised (SCL-90-R) during interferon therapy (total results
and stratification for therapy subgroups; mean±SE of the mean).

Rates of clinically relevant anger/hostility scores were
not significantly different when comparing subgroups
according to the respective therapy mode (data not shown).

DISCUSSION
Data from previously published studies suggest that - besides
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a significantly improved sustained virological response[7,8]
- tolerability of therapy with pegylated interferon alfa may
be improved as compared to medication with unmodified
interferon alfa, regarding measures of health related quality
of life. In a controlled study[19] comparing peginterferon
alfa-2a with conventional interferon alfa-2a, the authors
found less fatigue during treatment with pegylated interferon.
Only during the initial phase of the study (2 and 12 wk),
patients on pegylated interferon showed better scores in
seven of the eight domains and both summary scores of
the SF-36 quality of life questionnaire.
In another study in a sub-sample of 348 patients, Siebert
et al [17] compared the cost-effectiveness of peginterferon
alfa-2b plus ribavirin and interferon alfa-2b plus ribavirin
for the initial treatment of patients with chronic hepatitis
C. While their main focus was not on health-related quality
of life, the authors conclude that according to their findings,
the combination of peginterferon alfa-2b plus ribavirin
would improve the quality of life, and be cost-effective for
the initial treatment of chronic hepatitis C.
However, systematic and prospective data with the main
focus on quality and extent of neuropsychiatric symptoms
(depression, anger/hostility) comparing unmodified and
pegylated interferon alfa have not been published so far.
There have been only a few studies on (neuro-) psychiatric
side effects in either conventional or pegylated interferon
alfa[12-14,16,26-29] .
Therefore, we performed the present study in a
longitudinal design, focusing on the most relevant psychiatric
side effects, including the two consecutive patient subgroups
receiving unmodified and pegylated interferon alfa
respectively. We followed a study design fulfilling the
following criteria: evaluation and comparison of psychiatric
symptoms as the main focus, sufficient sample size, and
use of well-validated and applicable psychometric instruments.
To ensure homogeneity concerning data acquisition and
patient care, the study was performed in a single center.
Since at the time when patient recruitment started, only
conventional interferon was available, the study was
performed in a nonrandomized design with sequential
inclusion of the 2 treatment groups. Patient care was
comparable for both groups, and was provided by the same
staff over the whole study period. Therefore, an influence
of factors other than the different therapies on the patients’
mental state is unlikely.
An additional control group was not considered
necessary: Firstly, it would not have been possible for ethical
reasons to include a group of untreated hepatitis C patients
in whom interferon therapy is clearly indicated. Moreover,
although the presence of hepatitis C infection itself might
account to some extent for the depression scores observed,
this would not affect the message of our study, since we
did not focus on absolute values.
Finally, in a previous study[12] we included a “reference
group” (untreated hepatitis C patients in whom antiviral
therapy was not indicated). It was shown that the values for
the psychometric variables remained stable over time in
these patients.
Although an improved quality of life [17,19] during
peginterferon treatment certainly represents a major advantage
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over former therapy modes, the present study has become
necessary because incidence and severity of interferoninduced psychiatric symptoms are significantly associated
with premature discontinuation of antiviral therapy and cannot
be easily derived from measures of quality of life[13,14,30].
According to our data, frequency and extent of
interferon-induced neuropsychiatric adverse events are not
significantly reduced when applying the pegylated form of
the drug. In contrast to measures of health-related quality
of life in other works[17,19], mainly depression and anger/
hostility are similar in the subgroups with conventional or
pegylated interferon alfa. This is in concordance with
findings in studies with efficacy (sustained virological
response) as main issue[8,15].
As interferon-associated side effects are dose-dependent,
the higher dose applied in our study (5 MIU thrice weekly)
may have influenced the results. It cannot be excluded that
patients receiving standard interferon alfa-2b at the dose
used in most licensing studies (3×3 MIU weekly) would
show even lower scores of depression or anger/hostility as
compared to patients receiving pegylated interferon alfa.
However, a more favorable outcome with the lower
interferon dose would not affect our main issue that the
spectrum of psychiatric side effects caused by peginterferon
is not superior to the one caused by conventional interferon.
However, in our study sample, depression scores
increased more slowly and reached a higher maximum in
patients receiving peginterferon as compared to the subgroup
with conventional interferon alfa, but this difference was
not statistically significant.
We are aware of the fact that these results cannot prove
that depressive symptoms are identical for both therapy
modes. Nevertheless, our sample size (n = 98) was large
enough to detect clinically relevant effect sizes regarding
between-group differences of depression scores. A clinically
relevant difference of at least 2 points on HADS depression
scale (effect size of 0.5) would have been detected with
statistical significance within our study design and sample size.
(Largest between-group difference in depression scores:
0.75 at t2, representing a very small effect size (about 0.17).
This difference is clinically insignificant in order to detect
such small between-group differences, the total sample size
would have to exceed 850 patients).
As a consequence, application only once weekly and
more constant interferon alfa serum levels (as a result of
pegylation of interferon alfa) do not automatically lead to a
marked improvement of drug tolerability especially in the
field of neuropsychiatric toxicity.
This partly contradicts the results of Rasenack et al [19]
and several other studies, claiming a tolerability of peginterferon
medication, which is at least as good as or even better than
the conventional interferon alfa. However, it has to be added
that the higher (cumulative) weekly dose of pegylated
interferon (80 mg once weekly vs 5 MIU tiw when standard
interferon is used) does not lead to significantly impaired
tolerability of the pegylated formulation either. (It cannot
be excluded that when comparing equivalent weekly doses
of both types of interferon, the tolerability might be
improved in/favorable for peginterferon).
To summarize, according to our results, psychiatric

1773

symptoms are still very common during current antiviral
therapy in patients with chronic hepatitis C. Tolerability is
not significantly changed when using pegylated instead of
unmodified interferon alfa when regarding specific psychiatric
symptoms such as depression and anger/hostility. Time
courses of scores for depression and anger/hostility as well
as rates of clinical relevant scores were in a similar range
when both therapy subgroups were analyzed and compared.
Regarding the high extent and frequency of e.g., depressive
symptoms, we suggest that the consideration, monitoring,
and management of neuropsychiatric side effects continue
to merit the same attention and care in patients receiving
peginterferon as already pointed out [12,13] for former
interferon-based therapy modes.
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Abstract
AIM: Glucocorticoid (GC) resistant ulcerative colitis (UC)
remains a serious disease and is difficult to manage.
Although the molecular basis of GC insensitivity is still
unknown, GC receptors (GR and GR) may play an
important role in it. This study was aimed to investigate
the relationship between the expression of GR and GR
in colonic mucosal cells of patients with UC, the efficacy
of GC therapy and the intensity of inflammation.
METHODS: Twenty-five cases of UC were classified into:
GC sensitive (n = 16) and GC resistant (n = 9) cases.
Patients consisted of mild (n = 6), moderate (n = 8) and
severe ( n = 11) cases. GR and GR expression in
colonic mucosal specimens were investigated by
immunohistochemistry, and compared between GC
resistant and sensitive groups, and also among various
degrees of inflammation.
RESULTS: All cases were positive for GR and GR
expression. Both positive association between GR
expression and the response of UC to GC and strong
negative association between GR expression and the
response of UC to GC were identified. There was no
significant association between GR/GR expression and
the degree of inflammation of UC.
CONCLUSION: These findings suggest that both GR and
GR may play an important role in the action of GC, and
that GR functions as a dominant negative inhibitor of
GR. Expression of GR and GR in colonic mucosal
cells of patients with UC may serve as predictors of
glucocorticoid response, but can not function as markers
of inflammatory intensity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Glucocorticoid resistant ulcerative colitis (GRUC) is a
challenging clinical problem associated with life-threatening
disease progression. Glucocorticoid (GC) treatment can be
effective on ulcerative colitis (UC)[1], however, in relapsed
cases, the conditions are frequently refractory even when a
high dosage of GC is administered[2,3]. It is well known that
a long-term use of GC often causes serious side effects[4].
It would be useful if the responsiveness of patients to GC
could be evaluated before the administration. The molecular
basis of GC insensitivity is still unknown. Delineation of
the molecular basis for GC resistance is critical for the
development of new treatment approaches for this group
of refractory patients, and may provide new insights into
the pathogenesis of chronic inflammation.
The fact that GC hormones and their receptors act in
concert has led some investigators to study the role of the
GC receptor (GR) in patients with chronic inflammatory
diseases such as UC[5], asthma[6], systemic lupus erythmatosus[7],
and nephritic syndrome[8].
The GC receptor is essential for GC action on various
effector cells. In humans, there are two highly homologous
isoforms of GR: GR and GR. Both GR and GR are
products of alternative splicing of the primary transcript
of GR messenger RNA (mRNA). GR is a ligandactivated transcription factor that modulates the expression
of glucocorticoid-responsive genes by glucocorticoid
response elements (GREs), whereas GR does not bind to
glucocorticoids and is transcriptionally inactive [9 ] .
Bamberger et al [10], sug gested that GR might be an
endogenous inhibitor of GC action and an important
dominant negative regulator determining GC sensitivity in
the target tissues. Honda et al[5], reported that the expression
of GR mRNA in peripheral blood mononuclear cells
(PBMCs) might serve as a novel predictor of GC response
in ulcerative colitis. If the above speculation about the
dominant negative role of GR as correct, we could predict
the GC resistance in diseased conditions, such as ulcerative
colitis by examining GR, GR and GR/GR.
Previous discussion of topical therapy for ulcerative
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colitis has implied a topical action and GC, which have
poor systemic bioavailability, are still therapeutically effective.
Some trial results suggest that plasma concentrations are
unimportant [11] . According to Fiocehi [12], epithelial,
mesenchymal and endothelial cells actively participate in
intestinal inflammation, and play an important role in the
pathogenesis of gut inflammation. Compared with circulating
T cells, mucosal T cells are more susceptible to fas-mediated
apoptosis, a physiological process of cell death that, if
altered, could contribute to inflammatory bowel disease
(IBD) [13]. Mucosal immunity disorder is critical to the
development of UC. Topical steroids may improve
inflammation mainly via mucosal cells.
In contrast to the situation in PBMCs of patients with
ulcerative colitis, to the author’s knowledge, there are no
reports on GR and GR expression in colonic mucosal
cells. Hence, this study was undertaken to investigate GR
and GR expressions in colonic mucosal cells and their
correlations with the response to GC, and the degree of
inflammation.

MATERIALS AND METHODS
Patient selection
Twenty-five cases of ulcerative colitis were collected from
the Department of Gastroenterology of West China Hospital,
Chengdu, China. The age of the patients ranged from 16
to 55 years (mean±SD, 38.6±12.5 years). Based on the
scoring systems for clinical symptoms and endoscopic
findings, according to Rachmilewitz[14], patients were classified
as GC-sensitive (n = 16) or GC-resistant (n = 9) after GC
administration. Disease activity was divided into mild,
moderate and severe ones based on colitis activity index
(CAI)[15].
Immunohistochemistry
Paraffin wax embedded sections (5-m thick ) were mounted
on APES coated slides. After dewaxed, sections were
immersed in methanol containing 0.3% hydrogen peroxide
for 25 min to block endogenous peroxidase activity. Slides
were pretreated with an antigen retrieval method by heating
in an autoclave with 1% citrates. After being rinsed in PBS,
the slides were preincubated with normal goat serum (diluted
1:20 in PBS) for 15 min. The anti-GC receptor polyclonal
antibodies were used at the dilutions mentioned in Table 1,
and incubated for three hours at 37 ℃. Subsequently, the
slides were incubated with biotinylated rabbit anti-human
antibodies (Dako, glostrup, Denmark) diluted 1:300 in
PBS/ BSA for 30 min, followed by incubation with
streptavidin biotinylated horseradish peroxidase complex (1:
300 dilution) (Dako, glostrup, Denmark) for 45 min. 3’ 3diaminobenzidine was used as chromogen and haematoxylin
as the counterstain.
For appropriate negative controls, the primary antibodies
were replaced by PBS. The cytospin of peripheral blood
mononuclear cells of patients with GC resistant ulcerative
colitis was used as a positive control.
Image analysis
After immunostaining, the slides were examined under the
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Table 1 Details of primary polyclonal antibodies used against GR
and GR
Antibody

Antibodies
against

Source

Clone

Dilution

Positive
control

P-20

GR

Santa Cruz

sc-1002

1:100

PBMC

Ab-1

GR

Oncogene

pc171

1:400

PBMC

Table 2 GR and GR expression in ulcerative colitis with different
response
Expression of GRa

Resistant
Sensitive

-

+

++

+++

0
0

3
0

5
7

1
9

Expression of GRa

total (n)
9
16

-

+

++

+++

total (n)

0
0

0
4

1
5

8
7

9
16

There is a significant association between GR/GR expression and the
response of ulcerative colitis to GCs ( a P<0.05).

light microscope. Nuclear or cytoplasmic staining was taken
as positive. GR and GR expressions on intestinal mucosal
cells of ulcerative colitis were scored as follows: (1) Intensity
of staining. Slides were assessed for the average degree
of staining under moderate power (×200) and scored as
follows: 1, weak staining; 2, moderate staining; and 3,
strong staining; (2) The percentage of cells with positive
staining was counted under high power (×400) and the
following scores were allocated: score 1 <33.3%, score
2 = 33.3-66.7%, score 3 >66.7%.
The scores from (1) and (2) were added together to
give a final score ranging from 0 to 6, designated as negative
or positive as follows: -, score of 0; +, scores of 1-2, ++,
scores of 3-4; +++ scores of 5-6.
Statistical analysis
To evaluate the significance of the investigation, 2 test
and Fisher’s exact test were applied as appropriate. All P
values were based on two-tailed statistical analysis, and P
values tess than 0.05 were considered statistically significant.
All analyses were performed using the SPSS statistical
software (SPSS Inc, Chicago, Illinois, USA)

RESULTS
Table 2 summarizes the results of the two markers tested
in the two categories of ulcerative colitis. Nuclear or
cytoplasmic staining of the intestinal mucosa cells was
counted as positive. Staining in PBMCs was taken as a
positive control. In our study, GR existed mainly in intestinal
mucosal interstitial inflammatory cells, but GR appeared
mainly in epithelial cells. The intensity of staining varied
between individual intestinal mucosal cells. All the 25
ulcerative cases studied, were positive for both GR and
GR (Figure 1). A positive association between GR
expression and the response of ulcerative colitis to GCs
was identified. Different GR expressions (+, ++ and +++)
were observed in 3, 5 and 1 case of GC resistant patients,
respectively; but in GC sensitive patients different GR
expressions (+, ++ and +++) were observed in 0, 7 and 9
cases, respectively (P<0.05 ). A strong negative association

Zhang H et al. GR and GR expression in colonic mucosal cell

1777

A

B

C

D

E

F

Figure 1 GR expression in colonic mucosal cells of UC. A: GR expression (+) in GC resistant UC, severe degree of inflammation (×100); B:
GR expression (+++) in GC sensitive UC, moderate degree of inflammation (×100); C: GR expression (++) in normal control (×200); D: GR
expression (+++) in GC resistant UC, severe degree of inflammation (×200); E: GR expression (+) in GC sensitive UC, moderate degree of
inflammation (×200); F: GR expression (++) in normal control (×200).

between GR expression and the response of ulcerative
colitis to GCs was observed as well. The GR expressions
(+, ++ and +++) were observed in 0, 1 and 8 cases of GC
resistant patients, respectively; but in GC sensitive patients
the GR expressions (+, ++ and +++) were observed in
4, 5 and 7 cases, respectively (P<0.05). No significant
association between GR/GR expression and the degree
of inflammation of ulcerative colitis was found (Table 3).

DISCUSSION
GR and GR are thought to be the result of alternative
splicing of a single gene. Sequence analysis indicates that
the  and  isoforms are 777 and 742 amino acids respectively.
They are identical up to amino acid 727, after which they
diverge. GR (P-20) is an affinity-purified rabbit polyclonal
antibody raised against a peptide mapping at the carboxyl
terminus of GC receptor  of human origin. GR (Ab-1)
is a rabbit polyclonal antibody generated by immunizing
rabbits with a synthetic peptide corresponding to amino acids
728-742(NVMWLKPESTSHTLI) within the C-terminal

Table 3 GR and GR expression in ulcerative colitis with different
severity
Expression level of GRa
-

+

++

+++

total (n)

Expression level of GRa
-

+

++

+++ total (n)

Mild

0

1

2

5

8

0

1

3

4

8

Moderate

0

1

7

3

11

0

2

2

7

11

Severe

0

1

3

2

6

0

1

1

4

6

There is a significant association between GR/GR expression and the degree
of inflammation of ulcerative colitis ( aP<0.05).

domain of human GC receptor . Ab-1 has previously been
shown to be specific for GR-with no cross-reactivity
against GR[6,16].
In our study, the patients were categorized into GC
sensitive and GC resistant cases according to Rachmilewitz[14].
Immunohistochemistry analyses of the slides were carried
out by means of P-20 and Ab-1, respectively. We found
that all patients with ulcerative colitis had GR, GR
proteins in their intestinal mucosal cells, regardless of
the therapeutic effects of GC. In addition, there was an
association between immunoreactivity of GR/GR
and the GC therapeutic effects. However, Sousa et al[17],
investigated the expression of  and - GC receptor
isoforms in tuberculin-driven cutaneous cell-mediated
inflammatory lesions in people with asthma, and found that
the mean number of cells expressing GR immunoreactivity
in the lesions evoked in GC-sensitive and -resistant patients
with asthma was statistically equivalent (93/1985 and
160/1 306). The number of cells expressing GC receptor 
was significantly elevated in the patients who were GC
resistant (26/1985 and 122/1306). Honda et al[5], reported
that GR mRNA was detectable in PBMCs of all patients
with ulcerative colitis, whereas GR mRNA was detectable
in a few UC patients. Furthermore, GR expression
showed a significant negative association to GC sensitivity.
Our findings agree with those of Honda et al[5], Schottelius
et al [18], and Hamid et al [19] , in that immunoreactivity for
GR was moderate in GC resistant patients, but strong in
GC sensitive patients. Our findings also agree with those
of Loke et al[20], and Liu et al[21], in that the immunoreactivity
for GR was higher in GC-resistant patients than in GC
sensitive patients. According to Honda et al[5], although every
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patient expressed GR regardless of GC sensitiveness or
resistance, all GC sensitive patients did not express GR.
However, in our study, all patients regardless of being
sensitive or resistant to GC expressed GR. The most
important difference between GC sensitive patients and GC
resistant patients lay in the quantities of GR.
Glucocorticoid receptors were reported to be localized
in the cytoplasm of all somatic cells[18]. The concentration
of GR varies between different tissues and even within a
given tissue; receptor levels may fluctuate with changes in
the cell cycle[22], during aging[23], and in response to hormone
exposure[24]. In addition to technical differences, the difference
in the number and nature of cases studied may explain the
disagreement between our study and those of others. Further
studies of a larger series of cases of GRUC are needed to
confirm a weak association of GR/GR with therapeutic
effects of GCs.
In addition, no association was found between GR/
GR expression and the severity of ulcerative colitis. The
fact that GR-positive and GC-resistant patients responded
to other immunodulatory therapies indicates that GR
expression is not correlated with disease severity of UC or
a direct indication of proctocolectomy[5]. Our findings also
agree with Honda et al[5], in that GR/GRexpression could
not act as markers of activity of ulcerative colitis.
In conclusion, it seems that all ulcerative colitis cases
are positive for GR or GR. It indicates the need for
further investigation of GR or GR status, in addition to
their conventional protein expression. This could yield
potentially useful infor mation for establishing new
therapeutic strategies and evaluating the prognostic outcome
in patients with ulcerative colitis, and the therapeutic effects
of GCs via intestine.
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Abstract
AIM: To analyze the prognostic factors influencing the
overall survival of peripheral cholangiocarcinoma (PCC)
patients undergoing surgical treatment during 25 years
at a single institution.
METHODS: This study retrospectively reviewed prospectively
collecting data about 373 patients with histologically
proven PCC who underwent surgical treatment between
1977 and 2001.
RESULTS: Three hundred and seventy-three PCC patients
(159 men and 214 women) underwent surgical treatment
from 1977 to 2001. Among them, 187 PCC patients
underwent hepatectomy and 135 had curative resection
(curative resectability rate: 36.2%). The follow-up duration
ranged from 1.05 to 167.6 mo (mean/median = 14.1/7.2 mo).
Overall cumulative survival rates at 1, 3, and 5 years were
32.5%, 9.2%, and 4.1%, respectively. Univariate log-rank
analysis identified the following as adverse influences on
overall survival: presence of symptoms, absence of
mucobilia, elevated CEA and CA 19-9 levels, non-papillary
tumor type, receiving non-hepatectomy, advanced tumor
staging, lack of post-operative chemotherapy, and
radiotherapy. Meanwhile, multivariate Cox’s proportional
hazard analysis demonstrated that absence of mucobilia,
non-papillary tumor type, advanced tumor staging, nonhepatectomy, and lack of post-operative chemotherapy
were the five independent prognostic factors that adversely
affected overall survival.
CONCLUSION: Favorable overall survival of PCC patients
undergoing surgical treatment depends on early tumor
stage, presence of mucobilia, papillary tumor type, hepatic
resection, and post-operative chemotherapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Peripheral cholangiocarcinoma (PCC) is a malignant tumor
occurring in the liver or arising from the second or more
distal branches of the intrahepatic bile ducts[1]. The incidence
of PCC exhibits wide geographical variation, and generally
accounts for between 5% and 30% of primary liver cancers[1].
According to the Japan Liver Cancer Society, histologically
proven PCC represented 3.58% of all primary liver cancers[2].
Although no specific etiological factor has been identified
for PCC, various well-recognized predisposing conditions
involving chronic inflammation of the bile ducts exist. These
conditions include infestation with the liver flukes Opisthorchis
viverrini in Thailand[3] and Clonorchis sinensis in other Asian
countries[4,5]; hepatolithiasis, prevalent in countries such as
Taiwan and Japan[6-8] ; primary sclerosing cholangitis[9,10] ;
choledochal cysts[11,12]; and Caroli’s disease[4,5].
Clinically, PCC remains challenging because it is difficult
to diagnose in its early stages, and patients typically do not
present because of vague symptoms until the disease is
quite advanced. Curative resection with clear margins and
without vascular or lymphatic invasion is infrequent and
recurrence is common. Three- to five-year survival rates
even with resection remains dismal[13-18]. Moreover, radiation
therapy or current chemotherapy does not significantly
improve long-term survival rates[16,19] . Tumor biological
behavior and early intrahepatic and extrahepatic spread limit
the efficacy of surgery, and yet complete surgical removal
currently is the curative option for PCC. Although liver
transplantation has provided an alternative in the surgical
management of PCC, high rates of PCC recurrence
following transplantation limit liver transplantation for PCC
patients[20] . Despite considerable progress in diagnostic
procedures, surgical techniques, and adjuvant therapies, the
prognosis of PCC remains extremely poor, because most
tumors are advanced by the time of diagnosis. The literature
contains few reports of successful surgical treatment of
PCC and evaluation of its prognostic factors, and most
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such reports deal with small numbers of cases[21-25]. This
study examines the influence of clinicopathologic
characteristics of PCC undergoing surgical treatment on
PCC patient’s overall survival to improve the prognosis of
PCC patients.

MATERIALS AND METHODS
From January 1977 to December 2001, 608 consecutive
patients with histologically proven bile duct adenocarcinoma
underwent surgical treatment at the Department of Surgery,
Chang-Gung Memorial Hospital, Taipei, Taiwan. Based on
tumor location, the 608 patients were classified into common
bile duct cancer (n = 102; 16.8%), bile duct adenocarcinoma
with hilar invasion (n = 133; 21.9%), and PCC (n = 373;
61.3%). PCC was defined as carcinoma arising from second
Table 1 Clinical manifestations and histological classification of
373 PCC patients who underwent surgical treatment
Symptoms
Right hypochondria
Fever and chills
Body weight loss
Jaundice
Negative
Physical findings
Abdominal tenderness or rebounding pain
Icteric sclera and yellow discoloration
Abdominal mass
Negative
Histological classifications
Papillary adenocarcinoma
W-D adenocarcinoma
M-D adenocarcinoma
P-D adenocarcinoma
Mucinous adenocarcinoma
Adenosquamous carcinoma
Hepatocholangiocarcinoma
Adenocarcinoma; unclassified

Case no.

%

266
135
99
76
14

71.7
36.4
26.7
20.5
3.8

160
72
17
109

43.1
19.4
4.6
29.4

50
32
66
56
32
14
9
56

14.9
15.8
20.5
15.8
8.6
3.8
2.4
15.1

W: well; M: moderately; P: poorly; D: differentiated.

Table 2 Surgical procedures of 373 PCC patients
Surgical procedures
Hepatectomy
Left hepatectomy
Segment 1, 2, 3, and 4
Segment 2, 3, and 4
Segment 2 and 3
Segment 2, 3, and bile duct resection
Segment 1
Right hepatectomy
Segment 5, 6, 7, and 8
Segment 5, 6, 7, 8, and bile duct resection
Segment 5, 6, and 7
Segment 5 and 6
Segment 6 and 7
Segment 7 and 8
Bilateral hepatectomy
Segment 4, 5, 6, 7, and 8
Segment 4, 5, and 8
Segment 2, 3, 4, and 5
Segment 2, 3, 4, 5, and 8
Partial hepatectomy
Choledochotomy with T-tube
Laparotomy with biopsy
Total

Patient number

%

187
125
6
67
49
2
1
36
15
5
1
9
4
2
14
9
3
1
1
12
104
82
373

50.1
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order or more distal branches of the intrahepatic ducts. IPPCC is histologically defined as intraductal papillary neoplasia
of the liver (IPN-L) type 3 and 4, as described previously[8].
Type 3 showed an IPN-L lined by in situ and microinvasive
adenocarcinoma, and type 4 showed with types 2 and 3
biliary lesions with variable invasion of adenocarcinoma[8].
Meanwhile, curative resection was defined as negative
resection margin observed during histopathological
examination. The 373 PCC patients comprised 159 men
and 214 women with a mean age of 57.8 years (range 2893 years). Table 1 lists the clinical manifestations and
histological classifications. Right upper abdominal pain with
tenderness was the most common symptom and sign on
admission. Table 2 lists the distribution of the operative
procedures, and indicates that 187 patients had hepatectomy,
with a 36.2% curative resectability rate (curative resection
cases: 135/373). Meanwhile, Table 3 lists the causes of
surgical mortality, and reveals a surgical mortality rate of
6.7% (25/373). Surgical mortality is defined as the death
occuring within one month after surgery. PCC patients
undergoing non-hepatectomy procedure had a significantly
higher surgical mortality (2.7 vs 10.8%; P = 0.002). Sepsis
due to biliary tract infection is the main cause of surgical
mortality. Laboratory tests were conducted on the day
before surgery. Serum carbohydrate antigen 19-9 (CA 19-9)
and carcinoembryonic antigen (CEA) were measured by
radioimmunoassay. The tumors were preoperatively
evaluated by abdominal ultrasonography (US), endoscopic
retrograde cholangiopancreatography, percutaneous
transhepatic cholangiography, computed tomography (CT),
magnetic resonance image with cholangiopancreatography
(MRCP), and hepatic arteriography, as appropriate. Tumor
stage was defined according to the pathological tumor node
metastasis (pTNM system) classification proposed by the
UICC. Stages I and II were conditioned as early-stage, and
stages III and IV as advanced-stage PCC. Adjuvant
chemotherapy was systemically performed with a 5flurouracil-based regimen due to either a positive section
margin or local recurrence. Meanwhile, adjuvant radiotherapy
was performed with intra-operative radiotherapy, external
beam radiotherapy and/or brachytherapy due to either a
positive section margin or local recurrence.

Table 3 Operative mortality of 373 PCC patients undergoing surgical treatment
Hepatectomy
(n = 187)
Cause of death
Sepsis (biliary)
GI bleeding
Intra-abdominal bleeding with shock
Terminal status of cancer
Necrotizing fascitis with sepsis
CVA
Hepatic failure
Respiratory failure
Gastrocutaneous fistula
Total
Mortality rate
27.9
22.0
100

2
0
0
0
0
0
1
0
2
5
2.7%

Non-hepatectomy
(n = 186)
8
1
2
6
1
1
0
1
0
20
10.8%

GI: gastrointestinal, CVA: cerebrovascular accident; mortality rate of
hepatectomy vs non-hepatectomy: 2.7% vs 10.8% (P = 0.002); whole series
mortality rate: 25/373 = 6.7%.
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Follow-up study
Follow-up evaluation included clinical physical examinations
and blood chemistry tests at each visit. Additionally, serum
CA 19-9 and CEA were measured, and the remnant liver
was examined with US every three months. When US
detected a new lesion or elevated CA 19-9 or when CEA
were noted, abdominal CT or MRCP was performed for
confirmation. Moreover, when patients complained of bone
pain, bone scans were performed to detect metastasis. If
any of the above procedures indicated recurrence, the
patient was readmitted for more compressive assessment,
including angiographic evaluation or MRI. Methods for
treating recurrence include surgery, systemic chemotherapy,
external beam radiotherapy, intraluminal radiotherapy,
interventional radiological therapy, and conservative
treatment.
Statistical analysis
The cumulative survival rates were calculated with the
Kaplan-Meier method. Seventeen clinicopathological
variables were selected for difference analysis by the log-

Table 4 Univariate analysis of factors influencing the overall survival of the 312 PCC patients
Survival time (mo)
Factors

P
Median

mean

3-yr (%)

5-yr (%)

Male (n = 128)

7.79

14.66

11.78

2.27

Female (n = 184)

6.84

18.41

10.88

8.61

Gender
0.941

Age (yr)
≤58 (n = 163)

6.21

17.07

11.69

6.86

>58 (n = 149)

8.35

17.15

10.70

6.05

0.471

Symptoms
Positive (n = 303)
Negative (n = 9)

6.90

16.58

10.75

6.00

20.45

41.67

30.48

30.48

0.024
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rank test. The Cox proportional hazards model was employed
for multivariate regression analysis. SPSS for Windows
statistics software (SPSS version 10.0, Chicago, IL) was used
for the statistical analysis. P≤0.05 was considered statistically
significant.

RESULTS
Survival
Three hundred and seventy-three PCC patients undergoing
surgical treatment received regular follow-up until death.
This study showed that 187 PCC patients underwent
hepatectomy and 135 had curative resection (curative
resectability rate: 36.2%). Sixty-two patients were excluded
from the survival analysis, including 25 patients who died
within one month after surgery and a further 37 patients
who were lost to follow-up. Totally 312 PCC patients
undergoing surgical treatment were enrolled into survival
analysis. The follow-up duration ranged from 1.05 to 167.6 mo
(mean/median = 14.1/7.2 mo). Overall cumulative survival
rates at 1, 3, and 5 years were 32.5%, 9.2%, and 4.1%,
respectively.
Prognostic factors for survival
Univariate log-rank analysis identified the following as adverse
influences on overall survival of 312 PCC patients, namely:
presence of symptoms, absence of mucobilia, elevated CEA
and CA 19-9 levels, non-papillary tumor type, lack of
hepatectomy, advanced tumor staging, lack of postoperative chemotherapy, and radiotherapy (Table 4 and 5).
Meanwhile, multivariate Cox’s proportional hazard analysis
demonstrated that absence of mucobilia, non-papillary
tumor type, non-hepatectomy, and lack of post-operative
chemotherapy were the five independent prognostic
factors that adversely affected overall survival (Table 6,
Figures 1A-F).

Physical examination
Positive (n = 222)

6.64

15.70

8.08

4.54

Negative (n = 90)

9.67

20.55

20.46

13.56

0.053

Table 5 Univariate analysis of factors influencing the overall survival of the 312 PCC patients

0.936

Factors

AST (IU/L)
≤34 (n = 121)

7.89

15.69

11.56

5.51

>34 (n = 161)

7.30

18.85

12.02

7.28

Survival time (mo)

ALT (IU/L)
≤36 (n = 139)

7.33

14.94

9.26

5.15

>36 (n = 107)

8.35

21.38

15.12

9.30

16.31

12.12

3.64

>94 (n = 214)

6.64

17.22

10.75

6.46

0.2143

Serum CEA (ng/dL)
>5 (n = 70)
≤5 (n = 103)

4.57

9.58

1.99

1.99

10.39

23.17

17.96

9.95

>37 (n = 76)

7.40

11.93

10.27

N.A.

≤37 (n = 29)

13.28

25.49

23.76

15.84

0.0001

0.008

6.94

17.86

11.96

7.18

16.50

9.77

5.86

0.693

Non-hepatectomy (n = 155)

45.79

40.30

25.65

6.48

13.05

7.41

3.89

<0.0001

22.59

38.19

31.77

20.42

Non-papillary (n = 255)

5.85

12.32

6.35

3.30

I (n = 17)
II (n = 58)

45.90
24.07

50.54
37.74

60.00
28.89

45.00
17.78

III (n = 88)

8.52

11.45

2.65

N.A.

IV (n = 149)

4.18

7.66

6.08

N.A. <0.0001

24.99

41.19

35.29

5.03

9.09

3.92

11.44
4.64

24.25
12.35

17.74
7.16

11.70

22.12

16.63

6.65

6.25

15.89

9.65

7.17

<0.0001

Advanced stage (III+IV) (237)

22.83
N.A. <0.0001

Post-operative chemotherapy

Type of operation
Hepatectomy (n = 157)

24.07

Tumor spreading type
Papillary (n = 57)

Tumor staging
Early stage (I+II) (75)

Associated with biliary stones
Without biliary stones (n = 126) 7.40

3-yr (%) 5-yr (%)

TNM staging

Serum CA 19-9 (ng/dL)

With biliary stones (n = 186)

Positive (n = 33)
Negative (n = 279)

10.39

mean

Mucobilia
0.326

ALP (IU/L)
≤94 (n = 63)

P
Median

12.99

25.31

17.88

10.15

3.65

9.03

4.42

2.76

<0.0001

With chemotherapy (n = 118)
Without chemotherapy (n = 194)

11.88
3.58

<0.0001

Post-operative radiotherapy
AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP:
alkaline phosphatase; CEA: carcinoembryonal antigen; CA 19-9: carbohydrate
antigen; IU: international unit.

With radiotherapy (n = 63)
Without radiotherapy (n = 249)

0.0197
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Figure 1 A: The overall survival rates of 312 PCC patients who underwent surgical treatment; B: in terms of mucobilia; C: in terms of tumor
spreading type; D: in terms of operative procedures; E: in terms of tumor staging; F: in terms of post-operative chemotherapy.

DISCUSSION
This study used univariate and multivariate analysis to
calculate overall survival rates of 312 PCC patients after
surgical treatment in terms of 17 clinicopathologic factors.
In univariate analysis, patients’ symptoms, preoperative
tumor marker (CEA and CA19-9), presence of mucobilia,
tumor spreading pattern, treatment option, tumor staging,
and post-operative adjuvant therapy (chemotherapy and
radiotherapy) significantly influenced overall survival of PCC
patients after surgical treatment. Applying the multivariate
Cox’s proportional hazard model to data from this investigation
revealed that long-term overall survival depends on the
presence of mucobilia, hepatectomy, early tumor stage,
post-operative adjuvant chemotherapy, and radiotherapy.
Patients had PCC diagnosed asymptomatically and
incidentally had a favorable survival, demonstrated by
univariate log-rank survival analysis. This study revealed

Table 6 Cox’s proportional hazards analysis
Factors
Mucobilia

Relative risk
(95% confidence interval)

P

2.185 (1.324–3.605)

0.002

1.455 (1.028–2.060)

<0.001

1.946 (1.477–2.564)

<0.001

(II/I)

1.637 (0.786–3.406)

0.188

(III/I)

3.334 (1.615–6.882)

0.001

(IV/I)

4.049 (1.940–8.449)

<0.001

Post-operative chemotherapy

1.823 (1.413–2.353)

<0.001

(without mucobilia/mucobilia )
Tumor spreading type
(non-papillary/papillary)
Type of operation
(non-hepatectomy/hepatectomy)
Tumor staging

(no chemotherapy/chemotherapy)

the fact that PCC remains clinically challenging because it is
difficult to diagnose in its early stages, and patients typically
do not present because of vague symptoms until the disease
is quite advanced. So we should seek a certain novel tumor
marker for the early detection of PCC in high-risk patient
groups.
Diagnostic adjuncts for PCC, such as a serum marker,
are useful for the clinical management of this disease. Several
investigators have reported that CA 19-9 and CEA
determinations are useful for diagnosing PCC in primary
sclerosing cholangitis[26]. These investigators also demonstrated
that serum CA 19-9 values are related to tumor burden,
and suggested that values were elevated in patients with
PCC related to unresectable disease[26]. A previous Japanese
study has also demonstrated that elevated serum tumor
marker, including CEA and CA19-9, was a predictor of a
dismal prognosis[21]. Although the reason is unclear, this study
also demonstrated that elevated CEA and CA 19-9 were
predictors of dismal prognosis in univariate log-rank analysis.
The association between intrahepatic stone and PCC is
well recognized.
Mucobilia occurs in various conditions, including biliary
papillomatosis, cholangiocarcinoma, and biliary cystadenoma
and cystadenocarcinoma of the liver [27] . The presence of
mucobilia is important for the early diagnosis of PCC, even
preoperatively[28] . Our previous study demonstrated that
mucobilia was a prognostic variable predicting better survival
in PCC patients undergoing surgical treatment[29]. This study
confirmed the same observation and reemphasizes the
importance of recognition in this specific clinical presentation
as a hope of favorable overall survival of PCC patients.
Papillary type PCC, namely intraductal papillary neoplasia
of the liver, is a specific type of biliary epithelial neoplasia
with frequent gastrointestinal metaplasia associated with
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overproduction of mucin and mucobilia[8] . The special
nature of this condition explains why more papillary
adenocarcinoma and mucobilia were noted in this study.
Tumor spreading type was also a favorable prognostic
variable for PCC survival[29-33] . Patients with intraductal
papillary type PCC had displayed significantly better survival
rates than periductal infiltrating or mass forming type PCC.
Meanwhile, this study confirmed that the absence of
papillary growing in PCC patients undergoing surgical
treatment increased the chances of reducing long-term
survival by 1.946 times according to multivariate Cox’s
proportional hazard analysis.
Although a previous Japanese report has proposed a
new staging system mainly based on mass forming type
PCC to challenge the TNM staging system[25] , this study
revealed that TNM staging system remains the most reliable
prognostic factor for predicting the outcome of PCC
patients undergoing surgical treatment for various types of
PCC. Patients with more advanced tumors displayed a
significantly worse prognosis, revealed not only by univariate
log-rank analysis but also multivariate Cox’s proportional
hazard analysis.
Hepatic resection is the preferred treatment for PCC[1].
This study demonstrated that PCC patients undergoing
hepatic resection had significantly better survival than those
without hepatic resection[29,34]. However, prognosis of PCC
in our series is poor when compared with the other series[35].
The fact that only about 50.1% of 373 PCC patients receive
hepatic resection and more advanced tumor staging patients
exist may explain the poor prognosis in this study. This poor
prognosis may be caused by the large number of PCC
patients presenting with advanced tumors and unresected
status (76.9% and 49.9%, respectively). Hepatic resection
significantly prolongs the survival of PCC patients, as
demonstrated by multivariate Cox’s proportional hazard
analysis.
The utilization of adjuvant chemotherapy and radiation
in PCC remains controversial[1]. However, this study showed
that postoperative adjuvant chemotherapy was independent
significant predictors for PCC patients with good long-term
survival undergoing surgical treatment. Several authors have
reported varying degrees of success with chemotherapy,
either by systemic route or by intra-arterial hepatic route in
PCC treatment[35-37]. The efficacy of chemotherapy has not
been evaluated prospectively in patients with PCC[35]. No
good chemotherapy regimen is currently available, but 5flurocil (5-FU) is the standard base regimen. Several
combinations with 5-FU have been reported to produce
transient partial remission in a small portion of patients[35-37] .
In conclusion, long-term survival of PCC patients
undergoing surgical treatment depends on early tumor stage,
presence of mucobilia and papillary tumor type, hepatic
resection, and post-operative chemotherapy.
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Abstract
AIM: To study the incidence of ulcerative colitis UC in the
prefecture of Trikala, Central Greece.
METHODS: A prospective and population based
epidemiological study of UC from 1990 to the end of 1994
was conducted. Trikala is a semirural prefecture of Central
Greece with a population of 138 946 (census 1991). Three
gastroenterologists (one hospital based, two private
doctors) of the prefecture participated in this study.
RESULTS: During the study period, 66 new histologically
verified cases of UC were recorded. The mean annual
incidence of the disease in 1990-1994 was 11.2 per 105
inhabitants (95%CI: 8.7-14.3). There was no difference
between men and women (annual incidence: 10.5 and
12.0 per 105 inhabitants respectively), either among urban,
semirural or rural populations (annual incidence: 11.7,
17.1 and 9.9 per 105 inhabitants respectively). The majority
(56%) of the patients never smoked and a quarter were
ex-smokers. About a half of all cases had proctitis.
CONCLUSION: UC is common in Central Greece and its
incidence is similar to that in North-Western European
countries.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease of
unknown etiology. During recent years, many epidemiological
studies have shown that the incidence of UC varies within
different geographic areas. Northern developed countries
in Europe, especially United Kingdom and Scandinavia, have
a higher rate than in southern countries[1-3]. This geographic
variation suggests the hypothesis that some environmental
factor(s) and life style may be responsible for the etiology
of the disease[3]. Two epidemiological studies showed a
different incidence of UC in Greece[4,5].
The aim of our study was to obtain an estimation of
the incidence of the disease in Central Greece and to
compare our data with those of other parts of Greece and
other European countries. The present prospective
epidemiological study concerned the prefecture of Trikala,
a semirural area of Central Greece.
MATERIALS AND METHODS
Study population and area
Trikala is one of the four prefectures of Thessalia county,
which is a semirural area of Central Greece. The total
population, according to the 1991 census (National Statistic
Organisation) is 138 946 residents, but the study population
was 117 395, as UC is uncommon before the age of 10 years[6].
The study population was stable and racially homogenous
and had a wide range of age, social status, occupation and
level of education. Table 1 shows the age distribution of
study population by sex according to the 1991 census.

Table 1 Age distribution of the study population of Trikala prefecture by sex according to 1991 census
Age (yr) group

Males

Females

Total

10-19

11 036

9 938

20 974

20-29
30-39

7 997
9 097

7 930
8 521

15 927
17 618

40-49

9 141

8 375

17 516

50-59

9 896

10 030

19 926

60-69
>70

7 477
4 289

8 259
5 409

15 736
9 698

Total

58 933

58 462

117 395
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Table 2 Population distribution in Trikala area

Urban
Semi-rural
Rural
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Table 4 Average annual incidence (1990-1994) of UC among residents of the prefecture of Trikala by sex and age

Males

Females

Total

20 378

20 700

41 078

5 776

5 944

11 720

32 779

31 818

64 597

Table 3 Incidence of UC among residents of the perfecture of
Trikala by sex and the year of diagnosis (95%CI shown in brackets).
Age-standardized incidence (ASI) and 95%CI were shown for total
incidence over five years
Males

March 28, 2005

Females

Age (yr)
groups
10-19
20-29
30-39
40-49
50-59
60-69
>70
Total

Males
n

Incidence per 10

6
8
8
3
1
4
1
31

10.9 (4.0-23.7)
20.0 (8.6-39.4)
17.6 (7.6-34.7)
6.6 (1.4-19.2)
2.0 (0.05-11.3)
10.7 (2.9-27.4)
4.7 (0.1-26.0)

Females
5

Total

n Incidence per 10
2
7
12
10
3
0
1
35

5

4.0 (0.5-14.5)
17.7 (7.1-36.4)
28.2 (14.6-49.2)
23.9 (11.5-43.9)
6.0 (1.2-17.5)
0
3.7 (0.09-20.6)

n

Incidence per 105

8
15
20
13
4
4
2
66

7.6 (3.3-15.0)
18.8 (10.5-31.1)
22.7 (13.9-35.1)
14.8 (7.9-25.4)
4.0 (1.1-10.3)
5.1 (1.4-13.0)
4.1 (0.5-14.9)

Total

Year
1990
1991
1992
1993
1994
1990-4
ASI

n

Incidence per 105

3
5
8
4
11
31

5.1 (1.1-14.9)
8.5 (2.8-19.8)
13.6 (5.9-26.8)
6.8 (1.9-17.4)
18.7 (9.3-33.4)
10.5 (7.2-14.9)
9.3 (4.2-17.1)

n Incidence per 105
3
5
8
9
10
35

5.1 (1.1-15.0)
8.6 (2.8-20.0)
13.7 (5.9-27.0)
15.4 (7.0-29.2)
17.1 (8.2-31.5)
12.0 (8.3-16.7)
11.4 (5.6-19.8)

n

Incidence per 105

6
10
16
13
21
66

5.1 (1.9-11.1)
8.5 (4.1-15.7)
13.6 (7.8-22.1)
11.1 (5.9-18.9)
17.9 (11.1-27.3)
11.2 (8.7-14.3)
10.2 (5.0-18.6)

According to current epidemiologic guidelines, it could be
argued that the size of the study population was small.
However, as the population was homogenous, well balanced
and dispersed over a small geographical area, the results
could likely provide accurate baseline estimates of the
incidence of UC for the study area.
The patients were separated according to their residence
into three groups. The first group included residents of
urban regions, the second of semi-rural and the last one of
rural. Any patient who resided within cities with a population
over 10 000 inhabitants was regarded as belonging to an
urban population, in large villages (2 000-9 999 inhabitants)
as a semirural population and in the country as a rural
population (small villages, below 1 999 inhabitants). The
population distribution is given in Table 2.
Case ascertainment
The health care system is of mixed type, including a National
Health Service and a private sector. The National Health
Service consists of three health centers and a General
Hospital. There is only one gastroenterology department in
the General Hospital, with one specialist. In the private sector
there are no hospitals and two gastroenterologists working
in the area. There is no established general health
information system yet and hence no record linkage was
possible. All three gastroenterologists of the prefecture
participated in this study, which started on January 1 1990.
Patients who had been residents in the defined study area
at the time of diagnosis were included. The study group held
regular meetings during the study period to review the data.
All patients included in the study underwent a complete
laboratory examination including several stool examinations
for parasites, stool cultures and appropriate serologic
examinations for exclusion of gastrointestinal infections.
Intestinal ischaemia, drug-induced enteritis and colitis, in
addition to other known causes of intestinal inflammation
were excluded as far as possible. All patients underwent a
complete colonoscopic examination with biopsies from

Table 5 Average incidence (1990-1994) of UC among residents of
the prefecture of Trikala by sex and place of residence
Place of
residence

Males

Females
5

n Incidence per 10 n Incidence per 10

Total
5

n Incidence per 105

Urban

7

6.9 (2.8-14.2)

17

16.4 (9.6-26.3)

24

11.7 (7.4-17.4)

Semi-rural

6 20.8 (7.6-45.2)

4

13.5 (3.7-34.5)

10

17.1 (8.2-31.4)

Rural
Total

18 11.0 (6.5-17.4)
31

14
35

8.8 (4.8-14.8)

32
66

9.9 (6.8-14.0)

various parts of the large bowel. All histological findings
were discussed by a panel of pathologists interested in
inflammatory bowel diseases (IBD). Standard criteria were
taken into account to establish the final diagnosis[7].
Statistical methods
Annual and average UC incidences were calculated as the
total number of patients first diagnosed as having UC per
105 inhabitants in the study area. For the aggregated data
(1990-1994), age-standardized incidences were calculated
using standard European population. Ninety-five per cent
confidence intervals (CI) were calculated using the exact
binomial variance.

RESULTS
During the five-year period (1 January 1990-31 December
1994), 66 new cases of definite UC were seen in the area
of Trikala (31 males, 35 females). Table 3 shows the
incidence of UC by the year of diagnosis and sex. The
mean annual incidence of UC over the five years was
11.2/105 inhabitants per year (95%CI: 8.7-14.3). The annual
incidence of 5.1/105 in 1990 increased to 17.9/105 in 1994.
There were fluctuations in the incidence rates with the highest
of 18.7/105 in males in 1994 and the lowest of 5.1/105 in
men and women in 1990.
The male/female ratio was 1:0.9. The 95%CI in Table 3
showed the difference in incidence rates between males and
females. Table 4 shows the age distribution at the time of
diagnosis for all the patients as well as age specific incidence
rates. The highest age specific incidence rate was 22.7/105
inhabitants for patients between 30-39 years of age.
Looking at the incidence of UC by sex and place of
residence (Table 5), the urban population had an incidence
of 11.7/105, the semi-rural 17.1/105 and the rural 9.9/105.
The average annual incidence of females living in rural
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area was the lowest (8.8/105) among women, whereas males
living in urban area had the lowest average annual incidence
among men (6.9/105).
In relation to smoking, 13 of the 66 patients (19.7%) smoked,
16 (24.3%) were ex-smokers and 37 (56%) non-smokers.
As far as family history of IBD was concerned, in 3 of
the 66 patients (4.5%) either UC or Crohn’s disease was
present in a first degree relative.
In relation to clinical features, 5 patients (7.5%) had
pancolitis, 29 (44%) proctosigmoiditis and 32 (48.5%)
proctitis. During the follow up period, in 36 of the patients
(54.5%) at least one relapse per year was observed.
Hospitalization was required by 8 patients (12.1%) at
different times after the day of diagnosis.
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Although epidemiological studies presented special
problems, we believe that our results represent the true
incidence of UC in the prefecture of Trikala. The population
of Trikala is relatively stable and with only three specialists
and one hospital, it was easy to carry out the study.
In conclusion, the incidence of UC in Central Greece is
comparable to that reported from other European countries.
The increasing incidence of UC during the five years of
the study may be explained by the tendency in Greece to
adopt a life-style similar to other European countries. This
increase may suggest that environmental determinants, diets
and life-styles are probably related to UC.
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Abstract

was (19.6±16.0)%. It was (28.3±18.73)% in 12 cases with
high p62 expression (+++), (7.53±14.83)% in 13 cases
without p62 expression(-). Patients with a high p62
expression showed a significantly higher level of Ki-67 staining
than those without p62 expression (P<0.05, t = 2.069).
CONCLUSION: p62 expression is common in carcinomas
of the digestive system and higher in carcinomas of the
gastrointestinal tract than in primary HCC. p62 is a cellular
differentiation-related protein. Cancer cells with a high
p62 expression exhibited highgrowth fractions in HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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AIM: To characterize p62 expression and define the
relationship between p62 expression and cell proliferation
in primary carcinomas of the digestive system.

http://www.wjgnet.com/1007-9327/11/1788.asp

METHODS: p62 expression was characterized in surgically
resected tumor specimens from 60 patients with primary
carcinomas of the digestive tract (including 22 esophageal
carcinomas, 17 gastric carcinomas, and 21 colorectal
carcinomas) and 40 patients with hepatocellular carcinoma
(HCC) by immunohistochemistry (IHC). The cell proliferation
was determined by IHC of Ki-67 in 40 patients with HCC.

INTRODUCTION
p62 is a tumor-related protein identified by Zhang et al[1] ,
using serum au to-antibodies from patients with
hepatocellular carcinoma (HCC) to immuno-screen a cDNA
expression library in 1999. Of great interest were the findings
that during transition from chronic hepatitis and hepatic
cirrhosis to HCC, serum auto-antibodies against p62
appeared. These same antibodies were not detected in the
pre-malignant condition[2]. Furthermore, the auto-antibodies
could be found in many malignant tumors [3,4] . We
hypothesize that this antibody response may be stimulated
by protein participating in the malignant transformation
process[5].
p62 is an insulin-like growth factor II (IGF-II) mRNA
binding protein with two types of RNA-binding motifs, two
RNA recognition motifs, and four repeats of hnRNP K
homology (KH) domains[6] . p62 is a cytoplasmic protein
and immunohistochemical analysis of HCC showed that
approximately one-third of the patients exhibited high
expression of p62 protein in HCC nodules, whereas adjacent
non-malignant parenchymal liver cells had no detectable
staining. In addition, normal adult liver tissue did not have
detectable p62, whereas fetal liver contained immunoreactive
p62 in hepatic parenchymal cells[7].
This project sought to determine the following questions:
(1) What are the characteristics of p62 expression in
carcinomas of the gastrointestinal tract; (2) Are there any
differences in p62 expression pattern among carcinomas

RESULTS: Twenty-two cases of esophageal carcinoma
were histopathologically diagnosed as squamous cell
carcinoma. We combined the gastric and colorectal
carcinomas based on the equivalent histology. The 38
tumors in the combined groups, consisted of 17 welldifferentiated, eight moderately differentiated, nine
poorly differentiated carcinomas, and four mucinous
adenocarcinomas. According to the criteria of Edmondson
and Steiner, 40 patients with HCC were graded (2 grade
I, 17 grade II and 21 grade III). p62 expression in primary
carcinomas of the gastrointestinal tract (60/60,100%)
was higher than that (27/40, 67.5%) of HCC (P<0.01,
2 = 19.63). High expression levels of p62 were positively
correlated with histological grades in gastric and colorectal
carcinomas (P<0.0001) and inversely associated with
those in HCC (P = 0.0322). No significant correlations
were observed for esophageal carcinomas (P = 0.8246).
p62 expression was also detected in the cytoplasm of
morphologically normal columnar epithelial cells adjacent
to the cancer foci of gastric and colorectal carcinomas.
In 40 HCC specimens, the mean Ki-67 labeling index (LI)
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of the digestive system; and (3) What is the relationship
between p62 expression and cell proliferation?

MATERIALS AND METHODS
Samples
One hundred consecutively resected tumor specimens from
the Department of Pathology, the First Clinical Hospital
of Medical College of Xiamen University were collected
for this study (Table 1). Of these specimens, 22 were
esophageal carcinomas (mean age, 57 years; range, 42-73 years),
17 gastric carcinomas (mean age, 57 years; range, 41-76 years),
21 colorectal carcinomas (mean age, 55 years; range, 35-76 years),
and 40 HCCs (mean age, 56 years; range, 27-75 years).
Reagents
Rabbit anti-p62 antibody, p62 antigen and preimmune rabbit
(the same one used for anti-p62 antibody production) serum
was presented by Eng M. Tan (W.M. Keck Autoimmune
Disease Center, Department of Molecular and Experimental
Medicine, The Scripps Research Institute, USA). Mouse
monoclonal antibody ki-67 (Clone Ki-S5, M7187) and
EnVisionTM+ kit (K4010) were purchased from DAKO
Corporation. UltraSensitive TM S-P Kit (Kit 9710) was
purchased from Maixin-Bio Company.
Immunohistochemistry
A total of 100 formalin-fixed, paraffin-embedded tumor
samples were stained immunohistochemically for p62 by
EnvisionTM+ kits detection system. At the same time, 40
samples of HCC were also immunostained with ki-67 by
labeled streptavidin-biotin method. All sections for both p62
and Ki-67 immunostaining were pretreated with antigen
retrieval using citrate buffer at pH6.0.
Four-micron-thick sections were deparaffinized, rehydrated
through graded alcohols, transferred into boiled 0.01 mol/L
citrate buffer (pH6.0), then boiled again for 10 min, cooled
for 20 min, and washed in distilled water for 5 min.
Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide for 10 min. Sections were then incubated
with rabbit anti-p62 antibody at a dilution of 1:400 or with
mouse monoclonal antibody ki-67 at a dilution of 1:50 for
60 min at room temperature.
Sections for p62 staining were then incubated with
peroxidase-labeled polymer for 30 min at room temperature,
followed by liquid DAB substrate-chromogen solution for
1 min and counterstained with hematoxylin. Sections for
Ki-67 staining were then incubated with biotinylated second
antibody and streptavidin conjugated peroxidase for 10 min
at room temperature, respectively, followed by liquid DAB
substrate-chromogen solution for 2 min. A light Mayer’s
hematoxylin was used as a counterstaining.
Negative controls for p62 included replacement of
primary antibody to p62 with pre-immune rabbit serum at
a dilution of 1:400, and for ki-67 consisted of substituting
0.01 mol/L phosphate buffered saline for the primary
antibody. Antibody absorption experiments were performed
to confirm the specificity of anti-p62 antibody. Five hundred
microliters of diluted anti-p62 antibody was incubated with
the 500 L of diluted p62 protein (0.5 g/mL) in 37 ℃
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water bath for 2 h, and the absorbed supernatant used as
primary antibody.
Scoring technique
The immunostained cells for p62 were recorded as positive
when cytoplasm of cells exhibited brown staining. The
findings were scored according to the numbers of positive
cells: -, no or less than 5% cells stained; +, 6% to 25% of
cells stained, + +, 26-50% of cells stained, and + + +,
more than 50% of cells stained.
For Ki-67 staining, tumor cells were recognized as positive
if any nucleus exhibited brown staining. The Ki-67 labeling
index (LI) was defined as the percentage of tumor cells
displaying nuclear immunoreactivity, and was calculated by
counting the number of nucleus-stained tumor cells in 1 000
tumor cells in each section. A square grid (10 mm×10 mm)
in the ocular lens was used at ×400 in at least five fields to
delineate the area in which both the stained and unstained
cells were counted. The cases that demonstrated more than
10% positive cells were determined to be positive ones.
Statistical analysis
The difference in positive rates for p62 between carcinomas
of the gastrointestinal tract and HCC was analyzed by
 2 test. The relationship between intensity of p62
immunoreactivity and histological grading was analyzed
by Cochran-Mantel-Haenszel test. The difference in mean
Ki-67 LI between high (+++) and negative (-) p62 expression
was analyzed by Student’s t test. The significance level was
set at P<0.05, and all tests were two-sided.

RESULTS
Histopathologic findings
Twenty-two cases of esophageal carcinoma were histopathologically diagnosed as squamous cell carcinoma, which
were divided into 10 high-, 9 intermediate-, and 3 low-grade
ones.
Seventeen cases of gastric carcinoma were histopathologically
diagnosed as well-differentiated adenocarcinoma (n = 8),
poorly differentiated adenocarcinoma (n = 8), and signetring cell carcinoma (n = 1).
Twenty-one cases of colorectal carcinoma were
histopathologically diagnosed as well-differentiated (n = 9),
moderately differentiated (n = 8), poorly differentiated (n = 1)
and mucinous (n = 3) adenocarcinoma.
We combined together the gastric and colorectal
carcinomas based on the equivalent histology. The 38 tumors
in the combined groups consisted of 17 well-differentiated,
8 moderately differentiated, 9 poorly differentiated, and
four mucinous adenocarcinomas.
According to the criteria of Edmondson and Steiner,
40 patients with HCC were graded (two grade I, 17 grade
II and 21 grade III).
Immunohistochemistry
p62 was expressed in the cytoplasm of cancer cells (Figure 1
A-C). Immunohistochemical staining revealed that p62 was
expressed in all 60 carcinomas of the gastrointestinal tract
(100%) and 27 of 40 HCCs (67.5%). There was a significant
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difference in the expression rate of p62 between carcinomas
of the gastrointestinal tract and HCC (2 = 19.63, P<0.01)
(Table 1).
In carcinomas of the gastrointestinal tract, p62 positive
cases were mostly categorized as ++ or +++. Furthermore,
in well-differentiated adenocarcinomas, almost all cancer
cells uniformly showed strong reactivity to anti-p62 antibody.
But in mucinous adenocarcinomas, very weak reactions
were detected. In squamous cell carcinoma, the site of
keratinization was negative for p62. In HCC, the staining was
categorized as + in 8, ++ in 7, +++ in 12 and - in 13 cases.
It is worth-mentioning that in contrast to adenocarcinomas,
none of the grade I cases of HCC was positive for p62
immunoreactivity, whereas 12 of 17 cases (70%) of grade
II, and 15 of 21 cases (71%) of grade III were positive for
p62. p62 expression was also detected in the cytoplasm of
para-cancerous morphologically normal columnar epithelial
cells of gastric and colorectal carcinomas (Figure 1D).
The correlation of intensity of p62 immunoreactivity
with histological grading was examined. The CochranMantel-Haenszel test showed that a high expression level
of p62 was positively correlated with histological grades in
gastric and colorectal carcinomas (P<0.0001) and inversely
correlated with histological grades in HCC (P = 0.0322),
but no such correlations were found in esophageal carcinoma

Table 1 Results of IHC for p62 in gastrointestinal and liver cancers
Type of cancer

Number of cases

p62 positivity No. (%)

Gastrointestinal

60

60 (100)b

Esophageal

22

22 (100)

Gastric

17

17 (100)

Colorectal

21

21 (100)

Hepatocellular

40

27 (67.5)

b

P<0.01 vs HCC.
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(P = 0.8246, Table 2).
All cancer cells were negative for pre-immune rabbit
sera and anti-p62 antiserum reabsorbed with p62 protein
(Figure 1E).
IHC for Ki-67 showed a distinct nuclear staining
(Figure 2). In 40 specimens of HCC, Ki-67 LI ranged from
0% to 56.7%, and the mean Ki-67 LI was (19.6±16.0)%. It
was (28.30±18.73)% in 12 cases with high p62 expression
(+++), (29.29±16.55)% in 7 cases with moderate p62
expression, (17.89±14.42)% in 8 cases with low p62
expression and (7.53±14.84)% in 13 cases without p62
expression (-) (Table 2). To make sure that p62 positive and
Ki-67 positive cells were the same cluster of cells in the
two consecutive sections, the mean Ki-67 LI was only
compared between the high (+++), in which cancer nodules
uniformly showed strong reactivity to p62 antibody, and
negative (-) p62 expressing tissues. The difference in mean
Ki-67 LI between the two groups was statistically significant
(t = 3.08, P<0.05). The higher the level of p62 expression
was, the higher the Ki-67 LI.

DISCUSSION
Carcinogenesis is a multistep process involving not only
genetic mutation in oncogenes and tumor-suppressor genes
but also other complex factors conferring tumorigenic traits.
There is growing evidence that a number of intracellular
proteins with RNA-binding motifs are associated with
cancer[5,8-11]. p62 is an IGF-II mRNA binding protein (IMP).
The family of IMP has three members, namely IMP-1, -2,
and -3 [12] . p62 is identical to IMP-2 [7] . p62 has become a
highly interesting cancer auto-antigen comparable to p53[5]
and has been detected in HCC tissues[7]. Our study revealed
that p62 was expressed in esophageal, gastric, colorectal
and HCC. The cytoplasmic localization of p62 protein is
consistent with its expression in tumor hepatocytes described
by Lu et al [7]. The results demonstrated that the expression
of p62 was a common phenomenon in carcinomas of the

Table 2 Correlation of p62 expression with histological grade and mean Ki-67 LI in gastrointestinal and liver cancers
Anti-p62 ICH
Histological grade

P
-

+

++

+++

High

0

1

5

4

Moderate

0

4

1

4

Poor

0

0

1

2

High + moderate

0

0

4

21

Poor + undif.

0

0

4

5

MAC

0

4

0

0

I

2

0

0

0

II

5

6

3

3

III

6

2

4

9

Esophageal carcinoma

0.8246

Gastric and colorectal carcinoma

<0.0001

HCC

Mean Ki-67 LI

7.53±14.84

17.89±14.42

29.29±16.55

0.0322

28.30±18.73a

ICH: immunohistochemistry; undif: undifferentiated; MAC: mucinous adenocarcinoma; LI: labeling index a P<0.05 vs negative (–) p62 expressing tissues.
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Figure 1 Expression and location of p62 detected by IHC. EnVision (A–C,E×200, D×100). A: p62 expression in cytoplasm of squamous cell
carcinoma but not in the site of keratinization; B: p62 expression in cytoplasm of well-differentiated adenocarcinoma; C: p62 expression in
cytoplasm of HCC; D: Distribution of p62 in cytoplasm of morphologically normal columnar epithelial cells adjacent to cancer foci; E: Negative
control.

digestive system.
In this study, the frequency of p62 expression in
carcinomas of the gastrointestinal tract (100%) was
significantly higher than in HCC (67.5%). Furthermore, p62
expression was also detected (100%) in the cytoplasm of
para-cancerous non-malignant columnar epithelial cells of
gastric and colorectal carcinoma, but not in the adjacent
non-malignant parenchymal liver cells of HCC. The
expression pattern of p62 in gastric and colorectal carcinoma
was similar to that of carcinoembryonic antigen (CEA),
which expressed not only in gastric and colorectal carcinoma
but also in mucous neck cells and pyloric mucous cells in
the stomach and in columnar epithelial cells and goblet cells
in the colon[13] . The importance of this finding was that,
similar to CEA, p62 should be viewed as a normal adult
tissue component of the stomach and colon with retained
expression in tumors. In contrast, p62 was aberrantly

Figure 2 Immunohistochemical detection of Ki-67 in nuclei of HCC.

expressed in HCC. Such different expression pattern
indicated a different role of p62 in tumorigenesis of the
digestive system.
It was found that the ratio of p62 positive cases in HCC
(27/40, 67.5%) was higher than that of a previous study
(9/27, 33%) reported by Lu et al [7]. This is not surprising
because the assay system and positive criteria used in this
study were different from those used in Lu’s study. The
DAKO EnvisionTM+ detection system, a highly sensitive
system, was used and the cases in which total numbers of
p62-expressing cell were more than 5% scored positive in
this study. Whereas, the immunofluorescent method was
used and the cases in which cancer nodules uniformly
showed strong reactivity to p62 antibody scored positive in
Lu’s study. If only 12 out of 40 cases with a high expression
level (+++) of p62 were defined as positive in this study,
the ratio of p62 positive cases was 30% (12 of 40), which
is in accordance with that in Lu’s report.
This study highlights the observation that the intensity
of p62 expression was associated with the degree of
differentiation of tumors. In gastric and colorectal
carcinomas, well-differentiated ones showed significantly
higher expression levels of p62 than poorly differentiated
ones. Inversely, in HCC, poorly differentiated ones exhibited
a significantly higher expression level of p62 than welldifferentiated ones. p62 expression was involved in cellular
differentiation, suggesting that it may be a prognostic
indicator.
Ki-67 protein is a nuclear and nucleolar protein, and is
closely associated with somatic cell proliferation. Ki-67
antibodies have been used widely for the estimation of the
growth fraction of clinical samples of human neoplasm[14,15].
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In order to investigate the correlation between p62 and
cell proliferation, Ki-67 was analyzed in 40 specimens of
HCC in this study. We observed a correlation between
immunoreactivity for p62 and Ki-67 LI in HCC. The tumors
with a high p62 expression showed a significantly high cell
growth fraction determined by the Ki-67 LI, indicating that
p62 is one of the factors promoting cellular proliferation.
Several studies have demonstrated that the higher the Ki-67
LI, the lower the cellular differentiation of HCC[16-18]. The
present study proved the same relationship between Ki-67
LI and cellular differentiation in HCC indirectly, that is,
p62 expression was positively associated with Ki-67 LI and
inversely associated with cellular differentiation.
What is the role of p62 in tumorigenesis? Lu et al [7] ,
indicated that the role of p62 in tumorigenesis could be
regulation of mRNA stability such as IGF-II mRNA.
Stabilization of such mRNA increases cell proliferation.
Zhang et al, showed that IGF-II was expressed in the
cytoplasm of both human hepatoma cell lines and malignant
hepatocytes in early experimental HCC tissues. Moorehead
et al[19], produced IGF-II transgenic mice and showed that
transgenic over-expression of IGF-II in lung epithelium
induced lung tumors in 69% of mice older than 18 mo of
age. p62 has been closely associated with cell proliferation
in the present study, supporting Lu’s hypothesis.
In conclusion, p62 expression is a common phenomenon
in carcinomas of the digestive system. p62 should be viewed
as a normal adult tissue component of the stomach and
colon with retained expression in the tumor and in contrast,
it is aberrantly expressed in HCC. p62 is a cellular
differentiation-related protein. Cancer cells with a high p62
expression demonstrated high growth fractions in HCC.
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Abstract
AIM: Interleukin 8 (IL-8) mediates neutrophil trafficking
via its receptors. Recent studies have shown that IL-8 is
likely involved in the development and progression of
erosive reflux esophagitis (RE), yet little is known about
the two distinct receptors, CXC receptor (CXCR)-1 and -2.
The purpose of this study was to determine CXCR-1 and
-2 messenger RNA expression levels in RE.
METHODS: We studied 26 patients with RE and 15
asymptomatic controls. Paired biopsy samples were taken
from the esophagus 3 cm above the gastroesophageal
junction; one biopsy was snap frozen for measurement
of CXCR-1 and -2 mRNA levels by semiquantitative reverse
transcriptase polymerase chain reaction (RT-PCR), and
another was formalin-fixed for histopathological evaluation.
We also examined the association of the expression levels
of CXCR-1 and -2 mRNA with histopathological hallmarks
of RE.
RESULTS: The relative CXCR-1 and -2 mRNA expression
levels were rather decreased in esophageal mucosa of
patients with RE, compared to those in normal esophagus
of controls. There were no significant difference in the
relative mRNA expression levels of CXCR-1 and -2 among
endoscopic grades of RE based on the Los Angeles
classification. Each histopathological hallmark of GERD was
not associated with the expression levels of CXCR-1 and
-2 mRNA.
CONCLUSION: Apart from overexpression of IL-8, the
relative expression levels of CXCR-1 and -2 mRNA were
rather lower than expected in the affected esophageal
mucosa of patients with RE.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Reflux esophagitis (RE) is a common disease entity, with an
estimated incidence of 16.3% in Japanese adults[1]. It is well
recognized that RE results from excess reflux exposure of
esophageal mucosa to acidic gastric juice or bile-containing
duodenal contents through an incompetent lower esophageal
sphincter[2]. However, acid and bile exposure times, as shown
by 24-h monitoring methodologies, greatly overlapped
among the diverse gastroesophageal reflux disease (GERD)
ranging endoscopically normal-appearing esophageal
mucosa to severe RE with complications, meaning that the
degree of esophageal mucosal damage might not correlate
with the amount of reflux materials[3-6] . Thus, the exact
pathophysiological mechanisms of RE are not fully understood.
Recently, several studies have shown that mucosal
immune and inflammatory responses, characterized by
specific cytokine and chemokine profiles, may underlie the
diversity of esophageal phenotypes of GERD[7-11]. Of note,
several investigators reported significantly higher expression
levels of interleukin 8 (IL-8) messenger ribonucleic acid
(mRNA) and protein products in esophageal mucosa of
RE patients, compared to subjects with non-inflamed or
Barrett’s esophagus [7,8]. In addition, the IL-8 mRNA and
protein levels were substantially decreased after lansoprazole
therapy [8,10]. The enhanced mucosal IL-8 production
paralleled the endoscopic severity of RE [8]. These results
indicate that IL-8 is involved in the pathogenesis of RE.
IL-8 mediates its actions via two distinct receptors, CXC
receptor 1 (CXCR-1) and CXCR-2 [12-14]. Unlike CXCR-1,
CXCR-2 is not specific for IL-8 and can bind to other
chemokines such as growth-related oncogene , but it has
higher affinity for IL-8 than CXCR-1[15]. In a previous work,
we demonstrated that the epithelial cells as well as neutrophils
were immunoreactive for IL-8 receptors in esophageal
mucosa[10]. Despite such intense interest in the role of IL-8
in GERD, little is known regarding the expression levels of
IL-8 receptors in RE. Therefore, we studied the expression
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of CXCR-1 and CXCR-2 mRNA in the esophageal biopsy
tissue of patients with RE using semiquantitative reverse
transcriptase polymerase chain reaction (RT-PCR). The
implication of their relative mRNA levels in pathological
hallmarks of RE was also examined.

MATERIALS AND METHODS
Materials
We studied 26 outpatients who underwent upper gastrointestinal
endoscopy for gastroesophageal reflux-related symptoms
and were diagnosed as having RE between April 2002, and
September 2003. They included 17 men and 9 women,
aged between 27 and 80 years (mean 58.7 years). The RE
endoscopic findings were classified into grades A, B, C and D
according to the Los Angeles (LA) classification system[16].
None of these patients had been treated with nonsteroidal
anti-inflammatory drugs, proton pump inhibitors, histamine2 receptor antagonists, anticholinergic agents, or antibiotics
within 4 wk before the present study. Furthermore, patients
with severe concomitant diseases, prior esophageal or gastric
surgery, peptic ulcer diseases and comorbid conditions that
might interfere with esophageal or gastric motility including
diabetes mellitus, systemic sclerosis and neurological
disorders were excluded. As a control group, we recruited
15 asymptomatic subjects with no hiatal hernia or any lesions
in the esophagus, stomach and duodenum at endoscopy
for health check-up. The controls included nine men and
six women, aged between 39 and 80 years (mean 61.1 years).
In each group, paired biopsy specimens were obtained
from the esophageal mucosa, 3 cm above the gastroesophageal
junction[8,10,11]. These included one biopsy snap frozen in an
ethanol-dry ice mixture and then stored at -80 ℃ until use
for semiquantitative analysis of CXCR-1 and -2 mRNA
expression and another for histopathological examination.
Histopathological examination
Paraffin-embedded biopsy specimens were sectioned at
5 µm thickness, and stained with HE. Two independent
observers who were blinded to the endoscopic findings and
experimental results examined the tissue sections. The
histopathological evaluation included basal layer hyperplasia,
which was defined as an increase in thickness of the basal
layer to more than 15% of the total thickness of esophageal
epithelium, elongation of the papillae into the upper onethird of the epithelium, and the presence of intraepithelial
neutrophils and eosinophils, based on the criteria described
by Ismail-Beigi et al [17] . These criteria allowed sufficient
agreement between the two pathologists.
Semiquantitative RT-PCR
Total RNA from the biopsy samples was extracted using a
commercial kit according to the instructions provided by
the supplier (ISOGEN, Nippon Gene Co., Toyama, Japan).
One microgram of total RNA was reverse transcribed into
complementary DNA (cDNA) in a volume of 25 L with
MuLV reverse transcriptase and random hexamers (both
from PE Applied Biosystems, Warrington, UK).
The target sequence of CXCR-1 mRNA was amplified
in 26 cycles, each consisting of 30 s at 94 ℃ for denaturation,
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30 s at 53 ℃ for annealing and 30 min at 72 ℃ for extension,
followed by a final extension for 5 min at 72 ℃ with specific
primers (forward, 5’-CAGATCCACAGATGTGGGAT-3’
and reverse, 5’-TCCAGCCATTCACCTTGGAG-3’) using
a RT-PCR kit (Takara Shuzo Co., Otsu, Japan). Similarly,
CXCR-2 mRNA expression was detected under the
following conditions: amplification in 28 cycles, each
consisting of 30 s at 94 ℃ for denaturation, 30 s at 60 ℃
for annealing and 30 min at 72 ℃ for extension, followed
by a final extension for 5 min at 72 ℃ with specific primers
(forward, 5’-AGCTGCTCTTCTGGAGGTGT-3’ and
reverse, 5’-TTAGAGAGTAGTGGAAGTGTGC-3’)[18].
Glyceraldehyde-3-phosphate dehydrogenase (G3PDH) gene
transcript was amplified in 28 cycles, each consisting of 30 s
at 94 ℃ for denaturation, 30 s at 63 ℃ for annealing and
30 min at 72 ℃ for extension, followed by a final extension
for 5 min at 72 ℃ with specific primers (forward, 5’TGAAGGTCGGAGTCAACGGATTTGGT-3’ and
reverse, 5’-CATGTGGGCCATGAGGTCCACCAC-3’),
and used as an internal control of the processed RNA for
each preparation. A 10-µL aliquot of each PCR product
was analyzed by electrophoresis on 2% agarose gel containing
ethidium bromide, and the bands were examined under
ultraviolet light for the presence of amplified DNA. The
density of each band was measured with Lumi-Imager F1
Workstation (Roche Diagnostic Ltd, Tokyo, Japan), and
relative mRNA expression level in each sample was expressed
as the ratio of CXCR-1 or CXCR-2/G3PDH in the band
density, as described previously[19].
Detection of H pylori infection
Helicobacter pylori (H pylori) status was assessed by serology
(anti-H pylori Immunoglobulin G antibody, HEL-p TEST,
AMRAD Co., Melbourne, Australia), rapid urease test
(Helicocheck, Otsuka Pharmaceutical Co., Tokushima,
Japan) and histopathology (hematoxylin-eosin and Giemsa
staining) using biopsy specimens obtained during endoscopy
from the antrum within 2 cm of the pyloric ring and the
corpus along the greater curvature. Patients were considered
positive for H pylori infection when at least two of these
examinations yielded positive results. On the other hand,
patients were defined as H pylori negative if all test results
were negative.
All samples were obtained with written informed consent
of the patients prior to their inclusion in this study, in
accordance with the Helsinki Declaration.
Statistical analysis
Statistical analyses were performed using Fisher’s exact, 2,
Student’s t, Mann-Whitney U, and Kruskal-Wallis tests,
whenever appropriate. A P value of less than 0.05 was
accepted as statistically significant. Data were expressed as
mean±SD.

RESULTS
Based on the endoscopic grading of the LA system, cases
of RE were classified as grade A (n = 18), B (n = 5) and C
(n = 3). None of the RE patients were classified as grade D
or had RE-related complications such as stricture or
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columnar-lined esophagus. The diagnosis of hiatus hernia
was established in 15 of the 26 RE patients (57.7%). There
were no significant differences in sex, age, body mass index,
current tobacco use, alcohol intake, H pylori status and the
presence of hiatal hernia among the grades. H pylori infection
was detected in 14 patients with RE (53.8%) and in 7
controls (46.7%). There were no significant differences in
baseline characteristics between patients with RE and
asymptomatic controls.
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DISCUSSION
IL-8, a representative CXC chemokine, exhibits a potent
chemotactic activity for neutrophils[10-12] . In our recent
studies, there was a significant relationship between the
presence of intraepithelial neutrophils and the expression
levels of IL-8 mRNA and protein in patients with GERD[8,10].
We also demonstrated that higher expression levels of IL-8
mRNA and protein were associated with basal layer hyperplasia
of esophageal mucosa of patients with GERD[8-10] . It is
possible that IL-8, together with other cytokines and growth
factors, could contribute to epithelial cell proliferation in
GERD[20,21].
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We identified the CXCR-1 and -2 and G3PDH genespecific products as 257-, 1154- and 983-bp bands,
respectively, by RT-PCR, as shown in our previous work
(data not shown). The relative CXCR-1 and -2 expression
levels in RE patients tended to be lower than those in
controls, but the difference was not significant (Figure 1).
The relative expression levels of CXCR-1 and CXCR-2
mRNA did not differ among the endoscopic grades
(Figure 2).
There were no significant differences in the relative
CXCR-1 and -2 expression levels in the presence or absence
of each histopathological indicator (Figure 3).
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of CXCR-1. (A) and CXCR-2; (B) mRNA and each histopathological
hallmarks of RE.
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There is accumulating evidence that chemokine receptors,
as well as chemokines themselves, potentially play an
important role in the initiation and progression of immune
and inflammatory process[22-26]. In fact, there were several
reports on up-regulation of CXCR-1 and/or CXCR-2
expression in various inflammatory conditions including
rheumatoid arthritis, ulcerative colitis, and allergic
rhinitis[22,23,25]. As IL-8 is regulated in an autocrine manner[27,28],
it is tempting to speculate that the interplay of IL-8 and its
distinct receptors may contribute to the amplification and
protraction of inflammatory response in RE. Unexpectedly,
this was not the case, but the relative expression levels of
CXCR-1 and -2 mRNA were rather decreased in patients
with RE compared to asymptomatic controls. Likewise,
there was no significant association between relative mRNA
expression levels of the two IL-8 receptors and each
histopathological hallmark of RE. Their expression levels
did not differ among endoscopic grades of LA classification.
Collectively, apart from their functional ligand, IL-8, CXCR-1
and -2 expression levels were unlikely to be implicated in
the development and progression of RE.
On the contrary, there have been several reports on
down-regulation of IL-8 receptor expression in some
inflammatory disorders[18,29,30]. Silvestri et al [31], analyzed a
variety of chemokine receptors in the cartilage by
immunohistochemistry and RT-PCR. In that study, normal
and osteoarthritis-affected cartilage showed moderate to
high expression of CXCR-1 and -2, while their expression
in samples from inflammatory arthritis ranged from low to
absent[30], introducing novel concept of a different role and
regulation of the IL-8 ligand-receptor system in diverse
disease conditions[32].
In turn, normal esophageal mucosa of asymptomatic
controls showed rather higher expression of CXCR-1 and
-2 mRNA. Such constitutive nature of their expression
might suggest a role of the IL-8 receptors in esophageal
tissue homeostasis.
In conclusion, apart from overexpression of IL-8 in
RE, the relative expression levels of CXCR-1 and -2 mRNA
were rather lower than expected in the affected esophageal
mucosa of patients with RE. Further study should be
conducted to elucidate such diverse receptor-mediated
signaling pathway underlying the pathogenesis of RE.
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Abstract
AIM: Patients with chronic hepatitis C have been
recommended to receive vaccinations against hepatitis
B. Our study aimed at evaluating the hepatitis B
immunogenicity and efficacy against hepatitis B virus
infection 4 years after primary immunization series in a
group of patients with chronic hepatitis C.
METHODS: We recruited 36 out of 48 hepatitis C virus
(HCV) infected individuals who were vaccinated against
hepatitis B virus (20 g of recombinant HBsAg at 0-1-6
mo schedule) in 1998. Here we measured anti-HBs titers
and anti-HBc 4 years after delivery of the third dose of
primary immunization series.
RESULTS: After 4 years a total of 13/36 (36%) HCV
infected patients had seroprotective titers of anti-HBs
compared with 9/10 (90%) in the control group, (P<0.05).
Similarly the mean concentration of anti-HBs found in
hepatitis C patients was significantly lower than that found
in healthy subjects (18.3 and 156.0 mIU/mL respectively
(P<0.05). None of the HCV infected patients or controls
became infected with HBV during the study period as
confirmed by anti-HBc negativity.
CONCLUSION: We demonstrated that 4 years after HBV
immunizations’ more than 60% of vaccinated HCV patients
did not maintain seroprotective levels of anti-HBs, which
might put them at risk of clinically significant breakthrough
infections. Further follow-up studies are required to clarify
whether memory B and T lymphocytes can provide
protection in chronic hepatitis C patients in the absence
or inadequate titers of anti-HBs.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Patients with chronic hepatitis C have been recommended
to receive vaccinations against hepatitis B[1,2]. The rationale
behind these recommendations is based on the fact that
hepatitis C patients co-infected with hepatitis B virus have
an increased histological liver damage and a higher risk of
hepatocellular carcinoma[3]. Additionally HCV patients may
be at a higher than an average risk of acquiring hepatitis B
because of the similar routes of transmission of both viruses.
Several studies have shown that certain groups like intravenous
drug users, haemodialysis patients, haemophiliacs, and
promiscuous people frequently have markers of both
infections. In a cross-sectional study of general population in
the United States of America, more than 25% of HCV
patients had also hepatitis B markers - which was nearly six
times higher than in the HCV-negative group[4].
Previous studies demonstrated the safety of HBV
vaccine use in patients with chronic hepatitis C.
Immunisations did not aggravate the course of hepatitis C
and had no effect on serum HCV-RNA levels[5-7]. Our earlier
study proved that vaccinations could be safely delivered
during treatment with interferon[5].
Studies of the hepatitis B vaccine immunogenicity in
patients with hepatitis C have yielded mixed results. Most
of them (but not all) indicated a diminished response to
HBV vaccine delivered in a standard dose and schedule[5-8].
In our own experience, the HBV vaccine immunogenicity in
patients with hepatitis C was decreased. One month after the
final vaccine dose (Engerix B 20 g), the overall seroprotection
rate in 48 hepatitis C hepatitis was 72.9%, compared to
90.9% in the healthy controls (P<0.05)[5,8]. Similar results were
obtained recently by Leroy[9] in a study of HBV vaccine
immunogenicity (20 g) delivered in a 0-1-2- mo schedule.
The seroprotection rate was 63.6% in 77 HCV infected patients
and 93.9% in 231 controls. It is currently not known how long
the duration of the immunity lasts and whether patients with
hepatitis C should be tested for anti-HBs and revaccinated
if anti-HBs falls below 10 mIU/mL. The data are limited
because no long-term studies have been published.
Our study aimed at evaluating the hepatitis B
immunogenicity and efficacy against hepatitis B virus
infection 4 years after primary immunization series in a
group of patients with chronic hepatitis C.

Chlabicz S et al. Follow up of hepatitis C patients vaccinated against HBV

MATERIALS AND METHODS
In 1998, 48 patients with chronic hepatitis C were vaccinated
against hepatitis B in a standard 0-1-6 - mo schedule (20 g
Engerix B, SmithKline Beecham Biologicals, Rixensart,
Belgium). All patients visiting the Department of Infectious
Diseases at the Medical University of Bialystok between
July 1998 and April 1999 were invited to participate in the
study. The patients and methods were described in our
previous report[5]. Here we recruited 36 out of 48 individuals
who participated in our previous vaccination trial to evaluate
the immunogenicity and safety of hepatitis B vaccine in
patients with chronic hepatitis C. At the entry to the study
the diagnosis of chronic hepatitis C was based on the
presence of anti-HCV, HCV-RNA and elevated alanine
aminotransferase activity. Liver histopathology was available
in 35/48 cases and all histologies were consistent with chronic
hepatitis. None of the patients was cirrhotic. Patients with
clinical evidence of liver decompensation, history of
intravenous drug use, history of haemodialysis or with HIV
infection were excluded. Patients receiving antiviral treatment
during the study period were eligible to participate (interferon
alone or in combination with ribavirin). Anti-HCV antibodies
were assayed by the third-generation ELISA, (IMx MEIA,
Abbott, Chicago, USA) and serum HCV RNA testing
was performed using RT-PCR method. All patients were
anti-HBc and anti-HBs negative prior to hepatitis B
immunisations in 1998/1999. The participants were tested
for anti-HBs one month after the third vaccine dose (mo 7)
and 12 mo later (mo 18). Subjects who had an anti-HBs
titer below 10 mIU/mL at month 7 or 18 were offered a single
booster of 20 g of recombinant HBV vaccine (Figure 1).
Here we measured anti-HBs titers and anti-HBc 4 years
after delivery of the third dose of primary immunization series.
The original control group consisted of 11 healthy subjects
of whom 10 agreed to participate in the present study.
Anti-HBs titers were measured with anti-HBs total test
(EIA, BioMeri ux, Marcy-l’Etolle, France). The seroprotection
was defined as anti-HBs level ≥10 mIU/mL. The efficacy
of the vaccine was measured by the rate of infection with
HBV. For the purpose of this study, HBV infection was
defined as appearance of anti-HBc antibodies in a previously
negative individual. The highest anti-HBV titer assayed
was 500-mIU/mL and such maximal titers were used for
calculating geometric mean titer (GMT). Testing for
anti-HBc was performed with anti-HBc total test (EIA,
BioMerieux, Marcy-l’Etolle, France). Statistical analysis was
performed with the use of statistical software package
Statistical PL. The differences between groups were
determined by pairwise comparisons using 2 test (with Yates’
correction when necessary) for seroprotection rates and twotailed Mann-Whitney U test for anti-HBs; P<0.05 was
considered statistically significant.
The study and consent procedures were approved by
the Ethical Committee at the Medical University of Bialystok.
RESULTS
All the 48 patients with chronic hepatitis C were sent
information about the follow-up tests and 36 were available
and agreed to participate in the study. The present study
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analyzed the responses to HBV immunisations in those 36
individuals. Among the 12 lost hepatitis C individuals there
were 8 persons with anti-HBs ≥100 one month after the third
vaccine dose, 2 with anti-HBs 10-99 mIU/mL and 2 had
anti-HBs<10 mIU/mL. The one lost individual in the control
group was a good responder (anti-HBs ≥100 mIU/mL).
The characteristics of the study and control groups are
presented in Table 1. Figure 1 provides details of the follow-up
with the number of patients achieving seroprotective levels
of anti-HBs at months 7, 18 and 54. Single boosters were given
to 11 non-responders at mo 7 (4 achieved seroprotection).
The eleven participants had anti-HBs ≥10 mIU/mL at
mo 7 but were found unprotected at month 18. All those
patients were given a single booster, which led to
seroprotection in all cases one month later (Figure 1).
A total of 13/36 (36%) HCV infected patients had
seroprotective titers of anti-HBs after 4 years compared
with 9/10 (90%) in the control group (P<0.05). The only
patient without seroprotection in the control group was a
non-responder to primary vaccination series. Similarly the
mean concentration of anti-HBs found in hepatitis C patients
was significantly lower than that found in healthy subjects
(18.3 and 156.0 mIU/mL respectively, P<0.05).
The seroprotection after 4 years in HCV infected patients
was related to their response to primary series. Only 3/20
patients (15%) with anti-HBs at mo 7 less than 100 mIU/mL
had seroprotective titers 4 years later despite the fact
that 19/20 subjects were given boosters because of antiHBs<10 mIU/mL either at month 7 or 18. Of the remaining
16 persons with anti-HBs ≥100 mIU/mL at mo 7 (good
responders), 10 (62.5%) were seroprotected 4 years later
(P<0.05).
None of the HCV infected patients or controls became
infected with HBV during the study period as reflected by
anti-HBc negativity.
Table 1 Characteristics of the study groups
Hepatitis C

Control group

Number of patients

n = 36

n = 10

Mean age in yr (range)

46.0 (22-78)

40.4 (22-65)

Gender ratio (F/M)

12/36 33.3/66.7%

4/10 40%/60%

BMI (SEM)

25.4

23.5

36 patients

mo 7

SP+ n = 25

SP- n = 11
Booster (mo 7)
SP+ (mo 8)
4/11

mo 18 SP+ n = 14

SP- n = 11
Booster
(mo 18)
SP+ (mo 19)
(mo 11/11)

mo 54

n = 11
n=2
SP+ n = 13

n=3 n=9
n = 11
SP- n = 23

Figure 1 Subjects with seroprotective levels of anti-HBs (SP+) and
without (SP-) at mo 7, 18 and 54 in 36 patients with hepatitis C
vaccinated against HBV.
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DISCUSSION
This is the first long-term study evaluating the immunogenicity
and efficacy of HBV vaccine in patients with chronic
hepatitis C. We demonstrated that majority of the patients
with hepatitis C were not seroprotected against HBV
infection four years after primary immunization series. At
the same time however, none of our vaccinees became
infected with HBV. In immunocompetent hosts, maintaining
anti-HBs levels ≥10 mIU/mL were not essential for
protection against clinically significant breakthrough
HBV infection (with HBsAg seropositivity and clinical
manifestations of the disease) [10]. Primary exposure to
HBsAg could lead to clonal proliferation of memory B
lymphocytes. Memory B and T cells could retain the
capacity to induce the production of antibodies upon
re-exposure to HBsAg. Thus the pool of memory
lymphocytes could confer long-term protection even
when antibodies were absent [11]. The anti-HBs level of
≥10 mIU/mL after the primary vaccination series has
been adopted as an indicator of immunological priming
of B lymphocytes. Current recommendations require no
boosters for those immunocompetent vaccines who were
immunologically primed after the primary series[10]. In our
study 7/36 (19.4%) patients were not primed despite a
booster dose delivered at mo 7. Only 4 of the 11 (36,4%)
nonresponders to primary series achieved seroprotection
after the fourth dose of vaccination at mo 7. Most reports
in medical literature indicate a more favourable (40-100%)
response to a single hepatitis B vaccine booster in healthy
nonresponders[12,13].
Regular testing for anti-HBs and administering boosters
if anti-HBs falls below 10 mIU/mL is advisable for
immunocompromised patients like those on haemodialysis[14].
Priming the immunological response could not guarantee a
long term immunity in this group. Clinically significant
infections have been documented in dialysis subjects who
subsequently lost protective levels of antibodies after having
a previously established immune response to HBV
vaccinations[15]. Our study suggested that immunologic
memory was present in those individuals with HCV infection
who responded to the primary vaccination series. This was
reflected by the fact that all the 11 individuals who lost
seroprotective titers of anti-HBs between months 7 and 18
responded to a booster. However the responses were rather
low and short-lived, only 2/11 subjects maintained the
anti-HBs level ≥10 mIU/mL 3 years later.
It seems that HCV infected patients fall to the
immunocompromised category of individuals. In our study
this was reflected by the significantly lower anti-HBs levels
in hepatitis C group when compared with immunocompetent
individuals from the control group (483.6 mIU/mL in HCV
patients vs 145.7 mIU/mL in healthy subjects at mo 7 and
156 mIU/mL vs 18.3 mIU/mL at mo 54 in both groups
respectively). An impairment in both humoral and cellular
responses could explain the low responses to HBV
immunisations in HCV patients[16].
We observed no HBV infection in HCV infected patients
irrespectively of anti-HBs levels. This, however, could not
prove immunity. The small population size and the short
duration of observation could not determine the efficacy.
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Probably only one patient was exposed to HBsAg which
resulted in anamnestic response and increase in anti-HBs
titers. In the remaining 35 HCV infected patients the
levels of antibodies decreased, confirming the lack of
HBsAg challenges.
In conclusion, we demonstrated that 4 years after HBV
immunisations more than 60% of vaccinated HCV infected
patients could not maintain seroprotective levels of antiHBs, which might put them at risk of clinically significant
breakthrough infections. Even if we considered that the 8
lost individuals who were good responders at mo 7 were
seroprotected at mo 54, 52.3% (23/44) would still not be
protected.
Further follow-up studies are required to clarify whether
memory B and T lymphocytes can provide protection in
chronic hepatitis C patients in the absence or inadequate
titers of anti-HBs and if not an annual monitoring of antiHBs should be offered and boosters to those with antiHBs titer less than 10 mIU/mL. Before the results of larger
studies with a longer follow up are available, it would be
interesting to measure immunologic memory by means of
observing anti-HBs responses after booster administration
as well as assessing in vitro responses of T cells to HbsAg
and B cells to stimulation by a B-cell spot ELISA[17].
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Abstract
AIM: To investigate the correlation among the presence
and degree of gastric metaplasia of duodenal regenerating
mucosa, the deformity of bulb and the recurrence of
duodenal ulcer.
METHODS: A total of 99 patients with duodenal ulcer
were treated with H 2 -antagonist with or without
antimicrobial therapy. All patients received follow-up
endoscopic examinations 6 wk after treatment. When
the ulcer(s) were noted to be healed, two biopsies were
taken from the ulcer scar for histological study of gastric
metaplasia, and 4 biopsies were taken from antrum for
Helicobacter pylori (H pylori) study. Out of these cases,
44 received further follow-up endoscopic examinations
after 3, 6 and 12 mo respectively for studying the recurrence
rate of duodenal ulcers. The correlation among ulcer
recurrence, degree of gastric metaplasia of regenerating
mucosa, bulbar deformity, and colonization of H pylori in
the stomach was then studied.
RESULTS: The results showed that there was a strong
correlation between the deformity of duodenal bulb and
the degree of gastric metaplasia of regenerating duodenal
mucosa. The recurrence rate of duodenal ulcer had a
significant difference between patients with and without
H pylori colonization in the stomach (P<0.001). The greater
the degree of gastric metaplasia of duodenal regenerating
mucosa, the higher the recurrence rate of duodenal ulcer
(P = 0.021). The more deformed the duodenal bulb, the higher
the incidence of recurrence of duodenal ulcer (P = 0.03).
CONCLUSION: There is a correlation among deformity
of duodenal bulb, gastric metaplasia of duodenal
regenerating mucosa and recurrence of duodenal ulcer.
A more severely deformed duodenal bulb is closely related
to a greater extent of gastric metaplasia. Both factors
contribute to the recurrence of duodenal ulcer.
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INTRODUCTION
Duodenal ulcer is the most common kind of peptic ulcer
diseases in Taiwan. Healing of duodenal ulcer is not so
difficult. However, the frequent recurrence of duodenal
ulcer is still a big problem to physicians. The recurrence
rate of duodenal ulcer was reported from 50% to 80%
within one year [1-3] . Although Helicobacter pylori (H pylori)
colonization has been considered as the most important
factor related to the recurrence of duodenal ulcer, and
eradication of H pylori has been proved to greatly reduce
the recurrence rate[4-10]. Except for H pylori, there might be
other factors contributing to the ulcer recurrence. Our
previous studies revealed that histological maturity of healed
duodenal ulcers and deformity of duodenal bulb might play
a role in the recurrence of duodenal ulcer[11-15]. A 3- to 8 year follow-up study (n = 448) revealed that about 20% of
the patients with duodenal ulcer never experienced
recurrence of duodenal ulcer after successful treatment,
none of these “cured” patients had a moderate or severe degree
of deformity of bulb. In contrast, patients with a marked
deformity of bulb suffered from repeat recurrence of
duodenal ulcer and even underwent surgical intervention[15].
It has been suggested that colonization of H pylori on the
gastric type epithelium of the duodenum[16,17] could cause an
active chronic duodenitis, leading to duodenal ulceration.
Gastric metaplasia of the duodenal mucosa has been
considered to be closely related to the development of
duodenal ulcer. Based on the above recognition, we
considered that there might be some relationships between
gastric metaplasia of duodenal mucosa, bulbar deformity
and duodenal ulcer recurrence. Therefore, we designed this
prospective study to investigate the correlation among the
presence and degree of gastric metaplasia of duodenal
regenerating mucosa, the deformity of bulb and the
recurrence of duodenal ulcer.
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MATERIALS AND METHODS
This study was approved by the Human Subjects Committee
at our institution, and informed consent was obtained from
all subjects prior to participation.
Types of duodenal ulcer
Upper gastrointestinal endoscopy was performed using an
Olympus GIF-XQ200 endoscope (Olympus Optical Co.,
Ltd, Tokyo, Japan). Based on the endoscopic morphological
patterns of the duodenal bulb, we divided duodenal ulcers
into 3 types. Type I had a normal-shaped bulb, type II had
a ridge across the bulb with pseudo-diverticulum formation
(mild degree of deformity), type III had multiple ridges
occupying the bulb (marked deformity).
Grading system of microscopical gastric metaplasia
Histologically, we divided gastric metaplasia into 3 grades.
Grade 0: no ectopic gastric mucosa to be noted (Figure 1A),
Grade 1: less than one fourth of regenerating mucosa
containing gastric foveolar epithelium, Grade 2: more than
one fourth of regenerating mucosa containing gastric
foveolar epithelium (Figure 1B). The correlation between
‘the type’ of duodenal ulcer and the presence and degree
of gastric metaplasia was studied.
A total of 99 patients with endoscopically proven healed
duodenal ulcer were enrolled in this study. Two biopsy specimens
were obtained from the healed ulcer center during endoscopic
examination. Four micrometer thick sections of tissue were
prepared and underwent staining with HE and periodic acid
Schiff (PAS) for light microscopic examinations to identify the
presence and degree of gastric metaplasia. Another four
biopsies were taken from the gastric antrum to examine
H pylori infections using Campylobacter-like organism (CLO)
test and histology with HE staining.

A

B
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Ten normal healthy subjects were used as a control group
for evaluating the incidence of gastric metaplasia in normal
duodenal mucosae and the positive rate of H pylori infection
in normal subjects.
All the 99 patients received anti-H pylori triple therapy
for 2 wk and followed histamine 2-receptor antagonist
treatment for 6-8 wk. The patients were not allowed to
receive anti-ulcer drugs until attack of dyspepsia again.
Follow-up endoscopic examinations were carried out at 3,
6, and 12 mo after cessation of medication in order to
examine the condition of duodenal ulcers. The correlation
among bulbar deformity, gastric metaplasia of regenerating
duodenal mucosa, and the recurrence of duodenal ulcer
was evaluated. The recurrence rate of duodenal ulcer in
H pylori-infected and H pylori-eradicated patients was checked
and the relationship between H pylori infection and gastric
metaplasia or bulbar deformity was also studied.
Statistical analysis
Statistical analysis was conducted using Student’s t-test, 2
analysis with Yates’ correction and Fisher’s exact test. The
results were expressed as mean±SD.

RESULTS
Ninety (91%) out of the 99 patients were infected with
H pylori before ulcer therapy. These 99 patients consisted of
71 males and 28 females, and they aged from 18 to 79 years
with a mean age of 49.2±11.95 years.
Forty-four out of the 99 patients received further followup endoscopic examinations at 3, 6, and 12 mo after the
ulcer(s) were endoscopically proved to be healed. Among
these 44 patients, 14 had no deformity (Type I), 30 had
deformity of bulb (16 Type II and 14 Type III). The mean
age of the patients with types I, II, III ulcers was 46.6±14.56,
50.6±8.37, and 54.5±11.04 years, respectively. The
differences in mean age types of duodenal ulcer were not
statistically significant (P>0.01). Meanwhile, according to
the regenerating duodenal mucosae of these 44 cases, 10
had grade 0, 10 had grade 1 and 24 had grade 2 gastric
metaplasia. The mean age was 49.8±7.3, 49.5±13.2, and
53.0±13.3 years in patients with grade 0, grade 1, and grade
2 gastric metaplasia, respectively. It showed no significant
difference between patients with different grades of gastric
metaplasia (P>0.01).
As shown in Table 1, 6 patients (42.86%) with14 type I,
3 (18.75%) with 16 type II, and 1 patients (7.14%) with 14
type III ulcers had grade 0 gastric metaplasia. However,
57.14% of type I, 81.25% of type II, and 92.86% of type III
ulcers were noted to have grade 1 or 2 gastric metaplasia. Type
Table 1 Correlation between grade of gastric metaplasia of
regenerating mucosa and deformity of duodenal bulb
Bulb not deformed1
Type I

Figure 1 Grade 0 and Grade 2 gastric metaplasia. A: Grade 0 gastric
metaplasia, All the regenerating epithelia of duodenal ulcer scar were
not stained by PAS. (PAS stain x 100); B: Grade 2 gastric metaplasia,
Most of the regenerating epithelia were PAS positive (PAS stain x100).

Grade 0
Grade 1
Grade 2
Total
1

P = 0.038.

6
4
4
14

Bulb deformed1
Type II

Type III

3
4
9
16

1
2
11
14

Total
10
10
24
44
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II or type III ulcers had a higher grade of gastric metaplasia
than type I ulcer. The differences between type I and type II
or III ulcers were statistically significant (P<0.04 in each).
Out of these 44 patients, 18 (40.9%) had H pylori
colonization and 26 (59.1%) had no H pylori colonization
at antrum of the stomach at the final endoscopy. In the
H pylori-infected group, 15 patients (83.3%) were found to
have ulcer recurrence within 12 mo after cessation of
treatment. On the other hand, out of 26 H pylori-eradicated
patients, 6 (23.1%) were found to have recurrence. The
recurrence rate of duodenal ulcer was significantly different
between these two groups (P<0.001). As to the deformity
of bulb, 3 patients (21.43%) with 14 type I, 8 patients (50%)
with 16 type II, and 10 patients (71.43%) with 14 type III
ulcers were found to have recurrence, the differences in
recurrence rate among different types were statistically
significant (P = 0.03). As to the grade of gastric metaplasia
of regenerating duodenal mucosa, 1 patients (10%) with
10 grade 0, 5 (50%) with 10 grade 1, and 15 patients (62.5%)
with 24 grade 2 gastric metaplasia had ulcer recurrence
within 12 mo. The differences in recurrence rate among
the grades of gastric metaplasia of regenerating duodenal
mucosa were statistically significant (P = 0.02).
Out of the 40 specimens obtained from duodenal
mucosa of healthy subjects at the site of 0.5 to 1.0 cm
distal from pyloric ring (either anterior or posterior wall of
the bulb), 33 (82.5%) were grade 0 and 7 (17.5%) were
grade 1 gastric metaplasia. The incidence was significantly
less than that of healed duodenal ulcers (P<0.05). The
positive rate of H pylori colonization was 60% in these group,
it seemed lower than that of patients with duodenal ulcers.
However, there was no statistically significant difference
between these two groups (60% vs 91%, P>0.05).

DISCUSSION
It is well known that periodic acid Schiff (PAS) stain is the
best method to identify gastric metaplasia of duodenal
mucosa. However, gastric metaplasia is also easily identified
by hematoxylin and eosin (HE) staining by the presence of
clusters of epithelial cells with distinct apical cytoplasmic
vacuoles and without a brush border. This gastric-type
epithelium is easily distinguished from adjacent duodenal
epithelial cells by examining cytoplasmic vacuoles and brush
border [18]. In the present study, tissue preparations were
treated both with HE and PAS staining to assess the presence
and degree of gastric metaplasia of duodenal mucosa in
patients with healed duodenal ulcer and in healthy subjects.
Although surface gastric metaplasia and duodenitis are
closely associated, they have not been considered to share a
common pathogenesis[19]. Furthermore, Fitzgibbons et al[18]
postulated that the occurrence of gastric metaplasia was
unrelated to the presence of severe duodenitis. Therefore,
the present study did not investigate the correlation between
gastric metaplasia and duodenitis, we chiefly studied the
possible correlation between the presence and extent of
gastric metaplasia of duodenal mucosa and the deformity
of duodenal bulb in patients with healed duodenal ulcer.
It has been reported that gastric metaplasia of duodenal
mucosa could be identified in 22-25% of asymptomatic
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volunteers[18,19] and in 77.6% to 100% of patients with active
duodenal ulcer[19-21]. As to the patients with healed duodenal
ulcer, Carrick et al [21] postulated that 93% of them were
accompanied with gastric type epithelium in the bulb.
However, Hara et al[22] demonstrated that only 9.7% to 55.
0% (mean 31.8%) of the total surface of the duodenal
mucosa taken from ulcer scar areas showing no methylene
blue absorption, was occupied by metaplastic cells. We used
methylene blue to stain the mucosa in the duodenal bulb to
investigate the extent of gastric metaplasia among non-ulcer
patients, DU with a mild bulbar deformity and DU with a
marked bulbar deformity [19]. The incidence of gastric
metaplasia in the duodenal bulb was higher in patients with
healed ulcers than in non-ulcer patients. Patients with
deformed duodenal bulbs had a higher extent of gastric
metaplasia than those without deformed duodenal bulbs[19].
The present study revealed that there were 57.14% of 14
healed type I, 81.25% of 16 healed type II, and 92.87% of
14 healed type III ulcers having grade 1 or 2 gastric
metaplasia. In average, there were 72.27% of healed
duodenal ulcers to be accompanied with gastric metaplasia.
The incidence of gastric metaplasia of healed duodenal
ulcers in this series was higher than that reported by Hara
et al [22] , but definitely lower than that reported by Carrick
et al[21]. Because our specimens were taken from the center
of ulcer scar, they could exactly represent the condition of
regenerating mucosa. On the other hand, our sampling
method was similar to that of Hara et al[22], it might be the
reason why our data were somewhat close to that of Hara
et al[22]. We considered that the difference in the incidence
of gastric metaplasia between our study and that reported
by Carrick et al[21], might be due to the different biopsy sites.
Metaplastic gastric type epithelium in the duodenum has
been regarded as an adaptive defensive response to mucosal
injury of any kind, including acid and/or pepsin[20,23,24]. The
presence and extent of gastric metaplasia have been
correlated with acid secretory capacity in men[20,25], and they
have been induced in experimental animals by stimulation
of excessive acid secretion[26,27]. Therefore, increased acid
load of the duodenum has been considered as the most
important determinant of gastric metaplastic changes in
duodenal mucosa. However, it should be emphasized that
metaplasia is a consequence of any mucosal injury and
follows any ulcerative process affecting the duodenum. An
increase in both the extent and frequency of gastric mucosa
in the duodenal bulb of patients with ulcer diseases would
occur due to a duodenal ulcer[20]. The present study revealed
that there were 57.14% of regenerating mucosae of healed
type I ulcers having evidence of gastric metaplasia, which was
statistically higher than that of healthy subjects (57.15% vs
17.5%, P<0.05). Meanwhile, healed type II and type III
ulcers had a significantly higher incidence (P<0.01 in each)
and a higher degree (P<0.05 in each) of gastric metaplasia
than those of healed type I ulcers. The above lines of
evidence strongly suggested that presence and degree of
gastric metaplasia of regenerating duodenal mucosa were
highly correlated with bulbar deformity.
It has been reported that duration of the illness of
patients with duodenal ulcer who had a marked deformed
bulb was usually more than 6 years or even over 10 years,
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which was significantly longer than that of ulcer patients
with a normal-shaped bulb[13]. Hence, ulcers with a marked
deformed bulb would be the most chronic form of duodenal
ulcer, and the deformity of duodenal bulb could be regarded
as the results of tissue scarring due to periodic relapse and
healing of the duodenal ulcer. We considered that the high
incidence and degree of gastric metaplasia in healed type II
and type III ulcers might be the results of repeated recurrence
and healing of the duodenal ulcer, and a deformed bulb
with a high degree of gastric metaplasia easily colonized by
H pylori, would provide an environment of easy recurrence
of the ulcer. Therefore, a vicious cycle of healing and recurrence
may exist in this kind of ulcer patients. This may explain why
the recurrence of duodenal ulcer was said to be related to
deformity of the bulb[13-15], and why the results of our previous
study revealed that duodenal ulcers with a normal-shaped
bulb had a better chance to be cured and those with a marked
deformity of bulb had a high incidence of recurrence or
needed surgical intervention[15]. Eradication of H pylori may
be the best way to break this vicious cycle and therefore, to
prevent repeated recurrence of duodenal ulcers which have
a deformity of duodenal bulb. In addition to H pylori
eradication, we observed two characteristic conditions in
patients with duodenal ulcer recurrence after H pylori
eradication: one was a markedly deformed bulb with a high
grade metaplasia at the scarring stage, and the other was a
change in gastric metaplasia from a high grade to a low grade
at the previous ulcer site after ulcer healing.
Results of this study showed that H pylori infection was
the most important factor contributing to recurrence of duodenal
ulcer. However, both the deformity of bulb and the grade of
gastric metaplasia of regenerating duodenal mucosa might also
contribute to ulcer recurrence. Because our sample size was
not large enough to separate the H pylori-infected and H pylorieradicated cases, we could not study the influence of deformity
of bulb on ulcer recurrence after H pylori eradication.
Further study is necessary to clarify this interesting question.
In conclusion, there is a correlation among deformity
of duodenal bulb, gastric metaplasia of duodenal
regenerating mucosa and recurrence of duodenal ulcer. A
more severely deformed duodenal bulb is closely related to
a greater extent of gastric metaplasia. Both factors
contribute to the recurrence of duodenal ulcer.
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Abstract
AIM: To investigate the therapeutic effect of autologous
HBsAg-loaded dendritic cells (DCs) on patients with
chronic hepatitis B.
METHODS: Monocytes were isolated from fresh
peripheral blood of 19 chronic HBV-infected patients by
Ficoll-Hypaque density gradient centrifugation and cultured
by plastic-adherence methods. DCs were induced and
proliferated in the culture medium with recombinant
human granulocyte-macrophage-colony- stimulating factor
(rhGM-CSF) and human interleukin-4 (rhIL-4). DCs pulsed
with HBsAg for twelve hours were injected into patients
subcutaneously twice at intervals of two weeks. Two
patients received 100 mg oral lamivudine daily for 12 mo
at the same time. HBV-DNA and viral markers in sera of
patients were tested every two months.
RESULTS: By the end of 2003, 11 of 19 (57.9%) patients
had a clinical response to DC-treatment. HBeAg of 10
(52.6%) patients became negative, and the copies of HBVDNA decreased 101.77±2.39 averagely (t = 3.13, P<0.01).
Two cases co-treated with DCs and lamivudine had a
complete clinical response. There were no significant
differences in the efficient rate between the cases with
ALT level lower than 2×ULN and those with ALT level higher
than 2×ULN before treatment (2 = 0.0026).
CONCLUSION: Autologous DC-vaccine induced in vitro
can effectively suppress HBV replication, reduce the virus
load in sera, eliminate HBeAg and promote HBeAg/antiHBe transformation. Not only the patients with high serum
ALT levels but also those with normal ALT levels can
respond to DC vaccine treatment, and the treatment
combining DCs with lamivudine can eliminate viruses more
effectively.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is generally accepted that dendritic cells (DCs) are the
most efficient and powerful antigen presenting cells (APC)
and play a key role in exciting immune reaction. They also
have a close relation with immunologic tolerance. At present,
it has been known from studies on the mechanism of
hepatitis B persistence that the cause of poor response or
incompetent response of patients with chronic hepatitis B
to HBV is mainly the function defection of APC, especially
DCs[1-4] . In the past three years, we have done much basic
research on the relation between DCs and the persistence
of hepatitis B and anti-HBV immunity. The results showed
that peripheral blood mononuclear cells (PBMC) could be
induced by cytokine GM-CSF and IL-4 into DCs with a
powerful antigen presenting function. When pulsed with
HBsAg, DCs could induce HBsAg-specific cytotoxic T
lymphocytes (CTL) to kill target HepG2-S cells expressing
HBsAg, and these DCs have good therapeutic effects on nude
mice tumors expressing HBsAg[5]. We aimed to investigate the
therapeutic effect of HBsAg-pulsed DCs on patients with
chronic hepatitis B on the basis of in vitro and animal
experiments and to promote clinical application of this therapy.
MATERIALS AND METHODS
Subjects
We randomly selected 19 patients (16 males and 3 females)
with chronic hepatitis B from our in-patient and out-patient
departments between August 2001 and August 2002. The
diagnostic criteria were coincident with “The Program of
Prevention and Care for Viral Hepatitis” revised in 2000[6].
The ages of patients ranged from 17 to 56 years (average,
30.2 years), the disease course ranged from 1 to 9 years
(average, 3.7 years). They were persistently positive for
HBsAg, HBeAg and HBV-DNA. The copies of HBV-DNA
were higher than 105 per milliliter before treatment. They
had no sign of liver cirrhosis and infection with other
hepatitis viruses or serious complications. All had not
received anti-virus treatment at least for one year except
for two who received lamivudine co-treatment.
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Table 1 Clinical response of 19 patients treated by DC vaccine
Patients

Responder
Non-responder
All patients
1

Cases

Difference in copies of HBV-DNA between
pre- and post-treatment (mean±SD)

Rate of negative
for HBeAg (%)

11

3.074±2.397

91 (10/11)

8

-0.021±0.495

0 (0/8)

19 1

1.771±2.39b

52.6 (10/19)

Rate of HBeAg/antiHBe conversion (%)
45.5 (5/11)
0 (0/8)
26.3 (5/19)

: total response rate = 57.9% (11/19); bP<0.01 (pair-matching t test: t = 3.13): Comparison analysis of the HBV-DNA copies of all patients between pre- and post-treatment.

DC vaccine
DCs were expanded as described by Li et al [7], with minor
modifications. Briefly, PBMC was isolated from 60 mL of
fresh citrate-treated peripheral blood obtained by venipuncture
from patients using Ficoll-Hypaque density gradient
centrifugation. After two washes with Hank’s buffer, the
cells (6×106/well) were seeded in 6-well plates and cultured
in 1640 medium for 2 h. The nonadherent cells were gently
removed, the fresh complete culture medium with 100 mL/L
human AB serum supplemented with 1 000 U/mL of
rhGM-CSF and 500 U/mL of rhIL-4 was added to the
wells. Half of the medium was refreshed and cytokine at
the half concentration was added every 2 d. On the 7 th d
of incubation, the suspended cells were collected (the
induced DCs), counted and pulsed with HBsAg at 5 g/mL
12 h before injection into patients, then washed twice with
saline and injected subcutaneously into the patients.
Every recipient had the acknowledgment of and agreed
with the whole experimental process. They were assigned
the patient’s agreement. All procedures were performed
according to good laboratory practice standards.
Therapeutic schedule and clinical monitoring
Experimental subjects were given two standard injections
of DC vaccine at two-week intervals. Post-vaccination
follow-up for evaluation of vaccine efficacy lasted for at
least one year. Blood samples were collected from subjects
every two months, and liver function, HBsAg/HBsAb,
HBeAg/HBeAb, HBc-IgG/IgM, HBV-DNA were detected.
Statistical analysis
Efficacy was defined as occurrence of sustained loss or
50% pre-vaccination-level decrease of HBV-DNA, negative
for HBeAg, or sero-reverse of HBeAg/anti-HBe, normal
transaminase. The data were analyzed by pair-matching
t test and 2 test. The efficacy of DC treatment and related
factors were analyzed.

RESULTS
DC morphology
On the second or third day, more and more adherent cells
began to suspend and cluster. On the 4th or 5th d, the cells
became larger and dendritic and on the 6 th or 7 th d, more
and more dendritic cells were induced and became larger
and larger, but at the same time few dead or apoptosis cells
which reflected light weakly and had particles in cytoplasm,
could be observed.
The quantity or quality of DCs was different in different
patients. In our experiment, we found that DCs from the

patients who had a good response to DC-treatment were
generally in good condition, with the typical characteristics
of dendritic cells.
Response reaction
Post-vaccination follow-up of these 19 patients lasted till
the end of 2003. The results (Table 1) showed that 11 patients
had a response to the treatment, among them 3 cases lost
HBV-DNA, 2 cases had their HBV-DNA decreased to
5×10 2 copies/mL. The two patients co-treated with DCvaccine and lamivudine had a relatively complete response:
one lost HBV- DNA and had HBeAg/anti-HBe
seroconversion, the other only had loss of HBV-DNA. None
of these 11 patients had HBsAg/anti-HBs conversion.
Analysis of the relation between changes of alanine
transaminase (ALT) and response reaction
The results are shown in Table 2. In the 3 cases whose
serum ALT levels were normal, one had clinical response,
and all had normal ALT. In the 12 cases whose serum ALT
levels were two times higher than the upper limit of
normal level (>2×ULN), 7 had clinical response and their
ALT became gradually normal during follow-up, and others
had no changes in ALT or clinical response. Among the
4 patients whose serum ALT levels were between normal
and 2×ULT, 3 cases whose ALT was >2×ULN had response.

Table 2 Relation between pre-treatment ALT and result of clinical
response (cases)
ALT
Patients
Responder
Non-responder

Normal

Nomal-2×ULN

>2×ULN

1
2

3
1

7
5

DISCUSSION
It has been shown in basic and clinical researches that the
function defect of DCs is the important cause of hepatitis
B chronicity and carrier status[8]. So the active immunotherapy
based on DCs may become a prospective method to treat
chronic hepatitis B. In this study, we treated chronic hepatitis
B patients with autologous HBsAg-pulsed DCs and did the
strict follow-up[9-11].
In our experiment, we found that DCs induced in
hepatitis patients were in a relatively bad condition compared
to healthy donors. Furthermore, DCs in 11 patients who
had clinical response, were relatively better than those who
had no response. These results indicate that the quality of
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DCs might be very vital to the therapy and pathogenesis of
chronic hepatitis B. The mechanism is still not very clear,
maybe it has some relation with the chronic infection of
PBMC with HBV.
At present, the main anti-HBV medicines, such as
interferon- (IFN-) or lamivudine, have a good effect
only on patients with high ALT and HBV replication, but a
poor effect on HBV-carriers with normal ALT[12-14]. Our
results showed that among the 12 patients with 2×ULN of
pre-treatment ALT, 7 cases had clinical response and normal
ALT during later follow-up, the other 5 patients had neither
response nor reduction of ALT. It is suggested that ALT
reversion to normal level may be the necessary condition
of these patients with clinical response and high pretreatment ALT. Among the other 7 cases with ALT lower
than 2×ULN, 4 had clinical response with different changes
in ALT levels. These results indicate that there were some
different mechanisms of response between the two groups,
and the patients with ALT lower than 2×ULN also had
response to the HBsAg-DC treatment. These findings
suggest that HBsAg-DC therapy can be adapted by more
and more patients with chronic hepatitis B.
We compared the effects of HBsAg-DC method and
IFN- or lamivudine method. The negative rate of HBeAg
and the sera-reverse rate of HBeAg/anti-HBe of the two
anti-virus methods were 30-40% and 20-30%[12-14], respectively.
There was no significant difference. In our experiment, we
treated two patients with HBsAg-DCs and lamivudine at
the same time. At the first time follow-up, they lost HBeAg
and had a decrease of 105 copies in HBV-DNA load. At the
second time of follow-up, they were negative for HBVDNA and one was positive for anti-HBe. They were stable
in HBV-markers and had no fluctuation during 4 times of
follow-up. It indicates that co-application of DC vaccine
and other anti-virus drugs could enhance the response ability
and have effects on rapid HBV elimination.
In conclusion, autologous HBsAg-DC vaccine can
suppress virus replication, and reduce serum virus load and
improve the reversion rate of HBeAg/anti-HBe. The
treatment is simple with no side effect and the vaccine is
very reliable. Thus, this DC treatment is one of the biological
therapeutic methods with a good application prospect.
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Abstract
AIM: To explore the effects of peptide S-8300 from shark
liver (S-8300) on liver function as well as in regulating
immune functions in experimental injury models.
METHODS: Mice were administered with different doses
of S-8300 for four consecutive days, followed by mice
injected with tetrachloromethane (CCl4) on d 3. The activity
of ALT, AST, LDH, SOD and contents of MDA and GSH in
the mice liver were tested. And mice were treated with
Cy (100 mg/kg) at the beginning of the experiment to
induce immunosuppression model. The S-8300 groups
were treated with S-8300 seven days after the beginning
of Cy administration. The effects of S-8300 on the
formulation of serum hemolysin and the content of IL-2 in
serum in the immunosuppression mice were observed.
RESULTS: S-8300 obviously decreased the level of ALT
(52.2±11.0 U/dL vs 135.9±6.5 U/dL, P<0.01), AST (67.5±6.9
U/dL vs 238.8±8.7 U/dL, P<0.01), LDH (155.1±46.8 U/dL
vs 240.4±6.0 U/dL, P<0.01) & MDA (0.64±0.027 nmol/mg
vs 1.06±0.040 nmol/mg, P<0.01) and increased SOD
(24.51±1.01 U/mg vs 19.05±0.73 U/mg, P<0.01) & GSH
(24.17±0.91 µg/mg vs 14.93±0.45 µg/mg, P<0.01) in mice
liver damaged by CCl4. S-8300 also markedly improved
the formulation of serum hemolysin (0.094±0.005 A540 vs
0.063±0.006 A540, P<0.01) and increased the level of IL-2
(9.74±1.16 pg/mL vs 5.81±0.87 pg/mL, P<0.01) in serum
of the immunosuppression mice.
CONCLUSION: The results suggested S-8300 has
significant hepatoprotective, immunomodulatory and
inhibiting of lipid peroxidation activity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A number of investigators have isolated stimulatory factors
from the liver of many animals, such as rats, mice and
dogs[1]. Sharks were one of the most active animals in the
ocean and their liver weighed over 70% of their total bowels
with strong immunocompetence. We had reported that
active peptide from shark liver had significant protective
effects on CCl4 and D-galactosamine induced liver injury in
mice[2] and immunoloregulation effect on immune liver injury
in mice[3]. For exploring the functions of other active
substances in shark livers, we isolated a new peptide S-8300
from shark liver. In the present study, we have reported
that administration of S-8300 in CCl 4 intoxicated
hepatatoxic mice alters the serum marker enzyme and lipid
peroxidation index levels, viz ALT, AST, LDH, SOD, GSH,
MDA, and also modulates the levels of IL-2 and hemolysin
in immunosuppression mice caused by cyclophosphamide.
The hepatoprotective, immunomodulatory and inhibiting
of lipid peroxidation activity of S-8300 was also reported.
Therefore, the results of this study will be very helpful to
recognize the beneficial effects of S-8300 on liver function
as well as in regulating immune functions.
MATERIALS AND METHODS
Preparation of S-8300
S-8300 was extracted and purified from healthy squalus
mitsukurii. The process of extraction and purification of
S-8300 mainly included homogenization, heat treating,
centrifugation, ultrafiltration, DEAE-sephadex chromatography,
biogel P10 chromatography, FPLC mono Q chromatography
and reversed-phase HPLC. It was estimated that the
molecular weight of S-8300 was 8 300 by SDS-PAGE[10].
Animals
The ICR mice weighing 20±2 g were obtained from the
Experimental Animal Center of China Pharmaceutical
University (Nanjing, China), and guinea pigs weighing
350-400 g were from Experimental Animal Center of
Nanjing Medical University (Nanjing, China). All the animals

1810

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

were maintained with free access to pellet food and water
in plastic cages at 22±2 ℃, and kept on a 12 h light/dark
cycle. This study complied with the current ethical regulations
for animal research of this institute, and all mice used in
the experiment received humane care.
Main reagents
Reagents employed in this study were as follows:
Tetrachloromethane (CCl4, Nanjing 1st Chemical Reagents
Company, Nanjing, China), Cyclophosphamide (Cy, Jiangsu
Hengrui Pharmaceutical Co., Ltd., Nanjing, China),
Hepatocellular growth factor (HGF, Nanda Pharmaceutical
Co., Ltd., Nanjing, China), Sheep red blood cell (SRBC,
Nanjing Agricultural University, Nanjing, China), IL-2
ELISA Kit (Jingmei Biotech Co., Ltd., Shenzhen, China),
Alanine transaminase (ALT) measurement kit, Aspartate
transaminase (AST) measurement kit, Lactate dehydrogenase
(LDH) measurement kit, Superoxide dismutase (SOD)
measurement kit, Maleic dialdehyde (MDA) measurement
kit and Glutathione (GSH) measurement kit (Nanjing
Jiangcheng Bioengineering Institute, Nanjing, China) were
all used.
Liver injury model induced by CCl4
Mice were divided into six groups of 10 animals each. Group
1 was administrated with saline (20 mL/kg, i.p.) as a normal
control. Group 2 was given CCl 4/olive oil (1:100 v/v,
5 mL/kg, i.p.) as the treated control group. Group 3 received
HGF (3 mg/kg, i.p.) as the standard reference group. Test
groups of mice were treated with S-8300 at a dose of 0.3,
1 and 3 mg/kg body weight and injected for four consecutive
days, followed by mice administrated CCl4/olive oil on d 3.
At the end of the experimental period, all the animals were
killed, blood was collected in sterile centrifuge tube and
allowed to clot. Serum was separated by centrifuging at
2 500 r/min for 15 min. After the animals were killed, their
livers were removed. A part of liver specimens were
homogenized in Tris-HCl buffer (0.01 mol/L, pH 7.4) using
a homogenizer to give a 10% homogenate, the other liver
sections were preserved in 10% neutral formalin, and were
processed for paraffin embedding, following the standard
microtechnique. Five micron sections of livers, stained with
alum hematoxylin and eosin were observed under microscope
for the histopathological changes.
Immunosuppression model caused by Cy
Mice were randomly allocated into a normal control group,
a model control group, and three doses of S-8300 groups
(0.3, 1 and 3 mg/kg) of 10 animals each. The latter four
groups were administered with Cy (100 mg/kg) at the
beginning of the experiment to induce immunosuppression
model. The S-8300 groups were also treated with S-8300
seven days after the beginning of Cy administration. All
control groups were given corresponding placebo at the
same time. Mice were sensitized by injected 0.2 mL of
20% SRBC under the skin at d 2. At the end of the
seven days, 2 h after the S-8300 injection, mice in each
group were killed. They were bled and the blood was collected
for serum hemolysin test and IL-2 ELISA assay.
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Biochemical and enzymatic estimations
The levels of serum ALT, AST, LDH, SOD, IL-2, content
of MDA and GSH in liver were determined by using
commercial kits according to the guidelines indicated.
Determination of serum hemolysin
Serum hemolysin was determined using Ying et al[4]’s method
and was measured spectrophotometrically at 540 nm.
Statistical analysis
Data were expressed as mean±SD. Statistical analysis was
evaluated by one-way analysis of variance, followed by the
Student-Newman-Kanul’s test for multiple comparisons
which was used to evaluate the difference between two
groups. P<0.01 was considered significant.

RESULTS
Alters of liver function
Administration of CCl4 to mice caused significant increase
in serum marker enzymes like ALT (135.9±6.5 U/dL vs
13.4±2.5 U/dL, P<0.01), AST (238.8±8.7U/dL vs 42.4±10.9
U/dL, P<0.01), LDH (240.4±6.0 U/dL vs 150.3±45.8 U/dL,
P<0.01), compared to normal control mice. Treatment with
S-8300 caused significant reduction of these values (Table 1),
ALT (52.2±11.0 U/dL vs 135.9±6.5 U/dL, P<0.01), AST
(67.5±6.9 U/dL vs 238.8±8.7 U/dL, P<0.01), LDH
(155.1±46.8 U/dL vs 240.4±6.0 U/dL, P<0.01), dosedependently. The LDH level was almost restored to the
levels found in control and S-8300 3 mg/kg group of mice.
Treatment with HGF also reversed the hepatotoxicity
significantly.
Table 1 Effect of S-8300 on the sGPT, sGOT and LDH in mice injected
with CCl4
Group

Dosage
(mg/kg)

sGPT
(U/dL)

sGOT
(U/dL)

LDH
(U/dL)

Normal control
Model control

–
–

13.4±2.5b
135.9±6.5

42.4±10.9b
238.8±8.7

150.3±45.8b
240.4±6.0

HGF

3

96.1±12.6b

163.8±14.2b

175±52.8b

b

b

196.1±59.6b

102.0±14.0b
67.5±6.9b

173.1±52.4b
155.1±46.8b

S-8300

0.3

98.2±12.5

1
3

78.7±10.7b
52.2±11.0b

142.1±31.5

b

P<0.01 vs model control.

Inhibition of lipid peroxidation
S-8300 was effective in inhibiting the lipid peroxidation
induced by administration with CCl4. The lever of MDA
(0.64±0.027 nmol/mg vs 1.06±0.040 nmol/mg, P<0.01)
was significantly decreased and SOD (24.51±1.01 U/mg vs
19.05±0.73 U/mg, P<0.01) & GSH (24.17±0.91 µg/mg vs
14.93±0.45 µg/mg, P<0.01) increased in mice liver
homogenate in a dose-dependent manner (Table 2).
Treatment with HGF also reversed the lipid peroxidation
significantly.
Histological examination
Histological observations basically support the results
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Table 2 Effect of S-8300 on the GSH, SOD and MDA in mice injected with CCl4
Group

Dosage (mg/kg)

GSH (µg/mg prot)

SOD (U/mg prot)

MDA (nmol/mg prot)

General protein (mg/mL)

Normal control

–

27.75±0.86b

26.10±0.81b

0.55±0.025b

Model control

–

14.93±0.45

19.05±0.73

1.06±0.040

21.13±0.35

HGF
S-8300

3
0.3

19.02±0.42b
17.40±0.10b

21.82±0.82b
21.19±0.69b

0.89±0.038b
0.91±0.035b

21.28±0.49
21.3±0.29

1

20.01±0.74b

23.39±0.42b

0.81±0.026b

21.11±0.44

3

24.17±0.91b

24.51±1.01b

0.64±0.027b

21.3±0.43

21.22±0.39

b

P<0.01 vs model control.

A

B

C

D

Figure 1 Hepatic histological findings of S-8300 against hepatic lesions induced by CCl4. A: Normal group, (H-E ×200); B: CCl4 alone, (H-E
×200); C: CCl4+S-8300 (3 mg/kg), (H-E×200); D: CCl4 +HGF (3 mg/kg), (H-E ×200).

obtained from serum enzyme assays. The liver of CCl4intoxicated mice showed massive fatty changes, gross
necrosis, broad infiltration of lymphocytes and Kupffer cells
around the central vein and loss of cellular boundaries.
The histological pattern of liver of mice pretreated with S8300 and subsequently given CCl4 showed a more or less
normal lobular pattern with a mild degree of fatty change,
necrosis and lymphocyte infiltration almost comparable to
the normal control and HGF groups (Figure 1).

Table 3 Effect of S-8300 on the levels of serum hemolysin and IL-2
in mice treated with Cy
Group

Dosage (mg/kg)

IL-2(pg/mL)

Serum hemolysin (A540)

Normal control

–

12.72±1.62b

0.101±0.007b

Model control

–

5.81±0. 87

0.063±0.006

S-8300

0.3

7.44±078b

0.082±0.003b

1
3
b

P<0.01 vs model control.

8.19±0.95

b

0.084±0.004b

9.74±1.16

b

0.094±0.005b

Immunomodulatory effect
S-8300 markedly improved the formulation of serum
hemolysin (0.094±0.005 A540 vs 0.063±0.006 A540, P<0.01)
and increased the lever of IL-2 (9.74±1.16 pg/mL vs
5.81±0.87 pg/mL, P<0.01) in serum of the immunosuppression
mice (Table 3).

DISCUSSION
Liver tissue rich in both transaminase increased in patients
with acute hepatic diseases, AST which is slightly elevated
by cardiac necrosis is a more specific indicator of liver
disease. In view of this, S-8300 mediated reduction in levels
of AST, ALT and LDH towards the respective normal
values is an indication of stabilization of plasma membrane
as well as repair of hepatic tissue damage caused by CCl4[7].
CCl4 is one of the most commonly used hepatotoxins in
the experimental study of liver diseases. It has been
established that CCl4 is accumulated in hepatic parenchyma
cells and metabolically activated by cytochrome P450dependent monooxygenases to form a trichloromethyl
radical (CCl3)[8]. These activated radicals bind covalently to
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the macromolecules and induce peroxidative degradation
of membrane lipids of endoplasmic reticulum rich in
polyunsaturated fatty acids. This leads to the formation of
lipid peroxides. This lipid peroxidative degradation of
biomembranes is one of the principal causes of hepatotoxicity
of CCl4[5] . Thus, antioxidant or free radical generation
inhibition is important in protection against CCl4-induced
liver lesions. The efficacy of any hepatoprotective drug is
essentially dependent on its ability to reduce the harmful
effects or maintain the normal hepatic physiology that has
been disturbed by a hepatotoxin[6]. In the present study,
administration of S-8300 not only decreased the CCl 4
induced elevated levels of AST, ALT, LDH and MDA, but
also increased levels of SOD and GSH. This suggested the
maintenance of structural integrity of hepatocytic cell
membrane or regeneration of damaged liver cells by
inhibiting lipid peroxidation activity of S-8300. These findings
can be further corroborated with histopathological studies.
The histopathological examination clearly reveals that the
hepatic cells, central vein, and portal triad are almost normal
in S-8300 (3 mg/kg, i.p.) group in contrast to group which
received CCl4. Thus, S-8300 can be considered to be an
effective hepatoprotective peptide.
This work also evaluated the influence of S-8300 on
activities in the immune system of mice experimentally
induced immunosuppression. In the case of cellular
immunity, the enhancement of IL-2 concentration in serum
induced by S-8300 exerts profound changes in the number
and activation degree of monocytes and T cells. In the case
of humoral immune response, S-8300 could stimulate the
formulation of hemolysin. The immunomodulatory effect
of S-8300 on both parameters of cellular immune and
humoral immune responses was effectively enhanced.
S-8300 thus amplified an immune response.
The present study evaluated the association of liver
protection by S-8300 and the modulation of the immune
system suspected to be involved in the development of
liver dysfunction. Hyperactivity of oxidants is thus equally
as dangerous as hypoactivity, which may in turn cause
immunosuppression[9] . It could be predicted that S-8300
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could serve a beneficial role as an antioxidant, and was
capable of removing free radicals from a system either by
prolonging the initiation phase or by inhibiting the
propagation phase of autooxidation. From our results, it
could be suggested that S-8300 would be a good alternative
to therapy for hepatitis. It would also scavenge the free
radicals in human bodies, and with its immunostimulatory
effect it could prevent foreign pathogenic invasion.
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Abstract
AIM: Bezoars (BZ) are the most common foreign bodies
of gastrointestinal tract. Clinical manifestations vary
depending on the location of BZ from no symptoms to acute
abdominal syndrome. When located in small bowel, they
frequently cause small bowel obstruction (SBO). We aimed
to present our experience by reviewing literature.
METHODS: Thirty-four patients with gastrointestinal BZ
were presented. The data were collected from hospital
records and analyzed retrospectively. Morbidity and mortality
rates were statistically analyzed between the subgroups
according to SBO and endoscopic or surgical treatment
modalities.
RESULTS: The 34 patients had phytobezoars (PBZ). Two
patients with mental retardation and trichotillomania had
trichobezoars (TBZ). More than half of them (55.88%) had
previous gastric surgery. Also most of them had small bowel
bezoars resulting in obstruction. Surgical and endoscopic
morbidity rates were 32.14% and 14.28% respectively.
The total morbidity rate of this study was 29.41%. Four
patients in surgically treated group died. There was no
death in endoscopically treated group. The total and surgical
mortality rates were 11.76% and 14.28% respectively. The
differences in morbidity and mortality rates between the
subgroups were not statistically significant.
CONCLUSION: BZ are commonly seen in stomach and
small intestine. SBO is the most common complication.
When uncomplicated, endoscopic or surgical removal can
be applied easily.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Since 1 000 BC, bezoars (BZ) in digestive tracts have been
detected in some animals and humans. The first report of
human trichobezoar was credited to Baudamant in 1779.
In 1896 Stelzner reported the first preoperatively diagnosed
trichobezoar (TBZ). The reported incidence was 0.4%[1,2].
BZs are classified according to their composition into
phytobezoar (PBZ) (vegetable matter), TBZ (hair), lactobezoar
(concentrated milk formulas), mixed medication BZ and
food bolus BZs[1,3,4].
Most PBZs are composed of indigestible cellulose,
tannin, lignin derived from ingested vegetables and fruits,
especially persimmons and pineapples[4,5].
TBZs are most common in children and adolescents.
In addition, more than 90% of patients are women with
long hairs[2]. Lactobezoars have been noted mainly in the
last two decades because of improved neonatal care during
this period[1].
Clinical manifestations vary depending on the location of
BZ from no symptoms to acute abdominal syndrome. Gastric
BZs are occasionally associated with gastric ulcer formation
but frequently cause small bowel obstruction (SBO)[6].
The ultimate goal of the treatment of BZs is their
removal and prevention of recurrence. Although for TBZs,
operative treatment is more commonly used[1], PBZs can
be treated by several ways including gastric lavage,
enzymatic dissolution, endoscopic disruption, endoscopic
procedures, lavage, conventional and videolaparoscopic
surgery[1,3,7-12].
In this study 34 cases of BZ are presented by reviewing
literature.
MATERIALS AND METHODS
The hospital records of 34 patients were reviewed
retrospectively. Twenty-seven cases began to receive
surgical treatment and 7 cases were treated with endoscopic
procedures in the last two years. The data were collected
and analyzed as age - sex distrubution, clinical signs, BZs’
size, nature and localization in gastrointestinal tract,
effectiveness of diagnostic procedures, treatment modalities,
morbidity and mortality rates. Patients who had SBO were
divided into a subgroup, the remaining formed other
subgroups. Also according to the treatment modalities,
patients were divided into surgery (n = 28) and endoscopy
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(n = 7) subgroups. One patient in endoscopy group was
operated because of failure in removal of gastric BZ.
Morbidity and mortality rates of two subgroups were
investigated statistically by Fisher’s exact test.

RESULTS
Female/male ratio was 20/14 (1.42/1). Mean age was
53.73±15.56 (range 17-78) years.
Most of them (n = 19, 55.88%) had previous gastric
surgeries including truncal vagotomy plus pyloroplasty (n = 9,

Table 1 Predisposing factors and coincidental diseases of the
patients
Predisposing factors1 (n = 32)

n

%

Truncal vagotomy+pyloroplasty

9

26.47

Distal subtotal gastrectomy (or antrectomy) +

9

26.47

Previous gastric surgery (n = 19)

55.88

Billroth II anastomosis
Truncal vagotomy + Billroth II anastomosis

1

2.94

Peptic ulcus

4

11.76

Diabetes mellitus

4

11.76

Persimmon (Diospyrus Lotus) intakes

6

17.64

Mental retardation-trichotillomania

2

5.88

High dose intake of H2 receptor antagonists

1

2.94

Cherrylaurel (Prunus Buricerasus) or

Total

36

Coincidental diseases (n = 14) 2

41.17

Diabetes mellitus

4

11.76

Mental retardation

2

5.88

Hypertension

4

11.76

Cardiac and coronary artery diseases

5

14.7

Chronic pulmonary disease

3

8.82

Parkinson’s disease

1

2.94

Behcet’s disease

1

2.94

Cerebro-vascular disease

1

2.94

Abdominal aortic aneurysm

1

2.94

Strangulated incisional hernia

1

2.94

Total

23

1
Four patients had 2 predisposing factors and 2 patients had none. 2Five patients
had two or more diseases.
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26.47%), distal subtotal gastrectomy or antrectomy with
Billroth II anastomosis (n = 9, 26.47%), truncal vagotomy
+ gastroenterostomy (n = 1, 2.94%). Peptic ulcera (n = 4,
11.76%), diabetes mellitus (n = 4, 11.76%), cherrylaurel
(Prunus Buricerasus) or persimmon (Diospyrus Lotus)
intakes (n = 6, 17.64%), mental retardation-trichotillomania
(n = 2, 5.88%), high dose intake of H2 receptor antagonists
(n = 1, 2.94%) were also found in patients’ history.
Gastrointestinal bleeding was detected in 1 (2.94%) case’s
history.
The risk factors and coincidental diseases are summarized
in Table 1.
The presenting symptoms were epigastric or generalized
abdominal pain in all cases (100%). Mild to severe nausea
and vomiting were presented in 33 cases (97.05%),
abdominal distention as a sign of intestinal obstruction was
found in 16 (47.05%), weakness was found in 1 (2.94%)
case.
Single BZ was found in 26 (76.47%) patients. Six patients
(17.64%) had two BZs. The last two patients had three
and four BZs respectively. The sizes were in range of
2 cm×3 cm-10 cm×30 cm. They were localized in stomach
(n = 15, 44.11%), duodenum (n = 1, 2.94%), jejunum (n = 4,
11.76%), ileum (n = 8, 23.52%), stomach and jejunum (n = 2,
5.88%), stomach and ileum (n = 3, 8.82%), duodenum and
jejunum (n = 1, 2.94%). Thirty-two of 34 patients had PBZs
and 2 had mental retardations with trichotillomania and
TBZs (Table 2).
SBO was detected in 18 of 19 cases (94.73%) with
intestinal BZs.
Table 3 shows the results of diagnostic procedures. Plain
radiography was done for 32 patients and it was found
normal in 14 cases. Intestinal air and air-fluid levels were
detected in 16 (47.05%) patients. Also 2 (5.88%) patients
were suspected of nonhemogenous gastric mass.
Barium study was done in 13 cases and it was normal in
2 patients. In 11 (84.61%) patients a gastroduodenal filling
defect was seen. One of them (7.69%) was thought to be
BZ.

Table 3 Diagnostic procedures in the study
n
Plain abdominal graphy (n = 32)

Table 2 Locations of BZ
n

%

Number

Gastric nonhomogenous mass
Intestinal air and air-fluid levels

26
6

76.47
17.64

3

1

2.94

4

1

2.94

15

44.11

Intestinal dilatation and wall thickeness
Hyperechogenous gastric mass
Filling defect in stomach or small intestines

10

100

1

10

1

2.94

4

11.76

Dilated intestinal loops

Ileum
Stomach+jejunum

8
2

25.32
5.88

Intraluminal masses with gas bubbles and hypodense areas

Stomach+ileum

3

8.82

1

2.94

32
2

94.11
5.88

11

84.61

(One of them diagnosed as bezoar)

Jejunum

Jejunum-ileum

6.25
50

Barium studies (n = 13)

Duodenum

Phytobezoar
Trichobezoar

2
16

Ultrasonography (n = 10)

1
2

Localisation
Stomach

%

CT-scan (n = 8)
6

75

-Stomach

2

25

-Duodenum

1

12.25

-Duodenum+jejunum

1

12.25

13

81.25

Endoscopy (n = 16) Bezoar is seen
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Ultrasonography was done in 10 patients. Intestinal
dilatation (up to 7 cm) and intestinal wall thickeness (range
of 5-13 mm, in diameter) were found in all of them. In a
case (10%) a hyperechogenous gastric mass was seen.
Computed tomography was carried out in 8 cases.
Intestinal dilatation was seen in 6 cases (75%). Four (50%)
of them showed gastric (n = 2, 25%) and intestinal (n = 2,
25%) masses with gas bubbles and hypodense areas.
Gastroduodenoscopy was performed in 16 cases. BZs
were seen in 13 cases (81.25%), while 3 (18.75%) were found
normal.
Intraoperatively, 38 BZs were found in 28 patients.
Sixteen BZs were found in stomach or duodenum in 14
patients. Also, 20 BZs in 12 patients were found in small
intestines with proximally dilated loops. Two patients had
ileal BZs resulting in intestinal perforation and generalized
peritonitis.
Two patients with gastric BZs and gastric ulcers were
treated by removal of BZs and subtotal gastrectomy plus
Billroth II anastomoses. Four cases of intestinal BZs were
treated by intestinal resection and anastomoses. The other
cases of gastrointestinal BZs were treated by BZs removal
via gastrotomy and/or enterotomy.
Endoscopic removal of gastric BZs was carried out in
7 patients. In one case, because of incomplete removal of
BZ, surgical treatment was needed. The procedure was done
completely with snare basket in 6 patients. In 5 patients,
endoscopic procedure was successful in the first attempt.
In the remaining two cases endoscopy was necessary in
duplicate or in triplicate.
In this study 9 complications were seen in surgically
treated patients. In a patient intraabdominal bleeding was
seen and required receliotomy on the first postoperative
day. Surgical morbidity rate was 32.14%. There was no
complication of endoscopic treatment, except incomplete

Table 4 Morbidity and mortality in this study
n

%

Morbidity
Wound infection

5

14.7

Wound dehiscence

1

2.94

Incisional hernia

2

5.88

Intraabdominal bleeding
Failure in endoscopic treatment

1
1

2.94
2.94

10

29.41

4

11.76

Total
Mortality: Due to sepsis and multiple organ failures

removal of BZ (14.28%). The total morbidity rate of this
study was 29.41% (Table 4).
Four patients in surgically treated group died due to
multiple organ failures and sepsis. There was no death in
endoscopically treated group. The total and surgical mortality
rates were 11.76%, and 14.28% respectively. Tables 4 and
5 summarize the morbidity and mortality.
The differences in morbidity and mortality rates between
the subgroups of SBO-non-SBO and surgery-endoscopy,
were not statistically significant (Table 6).
The former seven cases had not been followed up since
1997. The last 23 cases except that four cases died in early
postoperative period were followed up for 1-72 mo (mean
23.13±21.11 mo) without any recurrence.

DISCUSSION
Previous gastric surgery, poor mastication, overindulgence
of foods with high fiber contents are common factors
predisposing to BZ formation[5,13-17].
Gastric operations may reduce gastric motor activity [14].
Twenty percent to 90% of 132 cases were found to be
induced by previous gastric surgery (Truncal vagotomy plus
pyloroplasty or subtotal gastrectomy plus gastroenterostomy).
The interval between gastric operation and BZ detection
was 9 mo-30 years[6,7,18,19].
Loss of pyloric function, gastric motility and hypoacidity
play important roles in BZ formation[3,20]. Delayed gastric
emptying because of diabetes mellitus, mixed connective
tissue disease or hypothyroidism were also reported as
predisposing factors of BZ formation[6,20-22] . Our results
(previous gastric surgery, 55.88% and diabetes mellitus,
11.76%) are comparable with the literature.
Bolus intakes of indigestible vegetable foods, due to
either dental problems or chewing habits are also predisposing
factors[19]. There are many reports of BZ cases secondary
to persimmon, pineapple and cherrylaurel in literature. In
1986, Krausz[6] reported that, 91.2% of 113 patients with
PBZs had a persimmon intake history. Six of our 34 cases
(17.64%) had a persimmon or cherrylaurel intake history.
TBZs are most common in children and adolescents.
Mental retardation and trichotillomania are risk factors[2].

Table 6 Morbidity and mortality rates according to the subgroups

70 M

Coincidental
disease

Localization of
bezoar

No

Ileum with
perforation

Complication
No

Postoperative
day of death
Early
postoperative

Cardiac

50 M

arrhythmia
Diabetes mellitus

Ileum

Wound

Duodenum

70 F

dehiscence

Ileum

Intraabdominal

Evantration

28

38.88

31

16.66

18.75

11

5.55

Intraabdominal bleeding

71

Wound dehiscence

1

Wound infection
Incisional hernia

4
1

Wound infection
Failure of endoscopic procedure

31
1

Incisional hernia

1

Surgery treatment (n = 28)
5

%

Total

10

bleeding

Mortality

Non-SBO group (n = 16)

death
63 M

%

SBO (n = 18)
Total

Table 5 Objectivies of mortality
Age (yr)
and sex

Morbidity

Endoscopy (n = 7)
(Failure in endoscopic procedure)
1

P>0.05 (Fisher’s exact test).

91

41

1

01

1

1816

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

In this study there were two cases of TBZs. Both of them
were females and had mental retardation.
Major complications of BZs include intestinal obstruction,
gastric perforation, gastric ulcer, gastritis[6,23-25]. SBO is the
most common complication and requires surgery[3]. It has
been reported that 60% of PBZs cause SBO. In addition,
BZs accounted for 4.5% of all SBOs[19]. In a study of 49
patients, PBZs were detected either in stomach (46.93%)
or in small bowel (44.89%) or in both (8.16%). Small bowel
BZ might be single (68%) or multiple (32%) in ovoid, round
and tubular forms. Clinically, the length of the involved
segment could be longer than 10 cm[9].
SBO resulted from BZ is usually due to migration of
gastric BZ[6,14], however the obstruction could also be caused
by primary BZs formed in small bowel in association
with underlying diseases such as diverticulum, stricture or
tumor[9,26-28]. Previous gastric surgery resulting in widened
gastric outlet might permit BZ migration into the small
bowel [11] . Small bowel BZ was seen more frequently in
patients with a large gastric outlet (pyloroplasty) and an intact
vagus nerve[24] than in patients with gastric remnant[1].
Although small bowel diameter is the smallest at 50-75 cm
proximal to ileocecal valve and peristaltic wave is not strong
enough in this area, because most of the cases (up to 63%)
had large BZs, obstruction occurred at the upper part of
small intestine[19,21]. In this study 19 (55.88%) patients who
had BZs in their intestines, 13 (38.43%) had it in ileum.
SBO was found in 94.73% of them.
Abdominal pain (49-100%), epigastric distress (80%),
vomiting and nausea (35-78%), SBO (94.73%) were the
main clinical symptoms. Feelings of fullness or bloating,
dysphagia, anorexia with weight loss and even gastrointestinal
hemorrhage could be seen [1,21,24,25]. When complicated,
diminished peristaltic sounds, rebinding and tenderness,
distention, diarrhea, constipation, vomiting, abdominal pain
could be found clinically[6]. Elevated leukocyte count up to
28.000/mm3 and fever could also be detected[1,6]. In this
study, abdominal pain, nausea and vomiting were the main
symptoms. Abdominal distention was 47.05%.
In the cases of SBO about 50-75% were diagnosed by
plain radiography[4,18,29]. Dilated intestinal loops, air-fluid
levels, thickened bowel wall could be found in all, 89%,
76% of the cases respectively[9]. Also gastrointestinal masses
could be suspected.
Barium studies are helpful in the cases of non-obstructive
BZs but are time-consuming at SBO, because the barium
column may be diluted by the intraluminal fluid obscuring
the detail of obstruction. Classic appearance of BZs on
barium studies is an intraluminally-filling defect. Barium
study could show a mottled appearance similar to that of villous
tumor. Dilated segments could be seen proximally[15,16,21].
Also, barium studies are useful in detecting residual gastric
BZ.
BZs appear on US as an intraluminal mass with a
hyperechoic arclike surface and marked posterior acoustic
shadow[15,16,29]. CT-scan demonstrating dilated small bowel
loop and a well-defined round, heterogeneous intraluminal
mass in distal segment is completely diagnostic. The mass
could be outlined by the bowel wall and presented
characteristic internal gas bubbles-soft tissue appearance of
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BZ[9,20,30,31] . Endoscopic investigations could show all of
gastric BZs and only 12% of small bowel BZs[8,32].
In our experience, plain abdominal graphy, ultrasonography,
barium studies, CT-scan, and endoscopy could diagnose
52.94-100% and 84.61-100% of BZs.
Gastrointestinal BZs can be treated by endoscopy or
conventional surgery.
In the endoscopic procedures the first step is to determine
whether the pylorus appears anatomically normal and to
verify the absence of a duodenal stricture before fragmenting
BZ[7]. If BZ is not too large, it can be extracted by a basket
or direct suction[31].
If the BZ is large and pylorus is normal, fragmentation
can be performed with a large polypectomy snare [7,33],
electrosurgical knife[34], lithotriptor[33,35,36], both electrohydraulic
and endoscopic lithotripsy[35,36], drilling[37], endoscopic laser
destruction[32], dormia basket or mechanical lithotriptor[7].
Once the BZ is fragmented, patients can be treated by
combination of L-cystein, cellulase and metoclopramide,
cellulase and papain, water jet and pineapple juice[7,28]. Also,
gastric lavage has been reported using saline solution, 0.1 N
hydrochloric acid, sodium bicarbonate, Adolph’s meat
tenderizer, pancrealipase, pancreatin, 1-2% zinc chloride,
pancrealipase with ascorbic acid[3,38]. In the literature, the
most interesting report is the successful coca cola lavage
for a gastric PBZ[10].
Although successful endoscopic disruption of small
bowel BZs has been reported[39], these procedures can only
be alternatives to surgery[11,40,41]. Intravenous administration
of antispasmodic agents and small bowel enema can result
in evacuation of terminal ileum BZ into the colon, then
colonoscopic evacuation would be easy[11] . On the other
hand, enzymatic dissolution and fragmentation of PBZs
can result in distal migration of daughter fragments[11,28].
In 1999, from the literature in English, Blam[8] collected
the complications of conservative treatment of BZs. According
to this study, the complications reported to be associated
with the usage of enzymatic and biochemical disruptions
were gastric ulcer, SBO, hyperosmolar natremia, hemorrhagic
pulmonary edema, pharyngeal abscess, endo-tracheal tube
obstruction, esophago-gastric iatrogenic injuries (perforation,
including laceration, hematoma, submucosal blebs and tears,
bleeding tear, disconnection, ulceration, rings), vocal cord
damage, overtube migration into the stomach, variceal
rupture.
In conventional surgery BZ removal is commonly done
by gastrotomy and/or enterotomy. If complicated, a few
percent of cases can be treated by gastric and/or intestinal
resections. In this study 7 cases of gastric BZs were treated
by endoscopic disruption and removal. One of the endoscopic
procedures was insufficient. So conventional surgery was
performed. This case was similar to Kilam’s report[42]. A
total of 28 cases were treated by conventional surgery. Most
of them (85.71%) had gastrotomy and/or enterotomy. Only
four cases (14.28%) were treated by subtotal gastrectomy
or intestinal resections.
In conclusion, most of the BZs are PBZs. Plain radiography,
barium studies, US, CT-scan and endoscopy are helpful in
the diagnosis. When uncomplicated, endoscopic or surgical
removal of BZs can be done effectively.
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Abstract
AIM: To define the age scope of high-risk population for
esophageal cancer (EC) in Ci county.
METHODS: The results of endoscopic examination of
2 013 subjects, cytological screening of 16 763 persons
and records of 9 265 patients with EC were analyzed by
Ridit methods, the standard age group was 45-49 year group.
RESULTS: The average age of patients with moderate
esophageal epithelium dysplasia by endoscopic examination
was 53.5 years, of severe esophageal epithelium dysplasia,
51.4 years, early EC, 55.6 years. The average age of
stage one severe epithelium dysplasia (SEEDI) by
cytological screening was 51.2 years, of stage two severe
epithelium esophageal dysplasia (SEED II) 51.6 years, of
advanced EC 61.7 years. In the group of 40-year olds,
the value of Ridit by pathological diagnosis was 0.46, 95%
CI, 0.45-0.47, that by cytological diagnosis was 0.45, 95%
CI, 0.43-0.47. As the age increased at five-year intervals,
the value of Ridit increased significantly.
CONCLUSION: In Ci county of a high incidence area of
EC, the age definition of high-risk population should be
above 45 years.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal cancer (EC) is one of the most common malignant
tumors, and occurs at an especially high frequency in some
areas of China. In 1990 s, a sample-investigation of malignant
tumor mortality conducted in China revealed that EC was
the fourth leading cause of cancer death in China[1]. In the
past 40 years, EC researches have been carried out
extensively in China. Ci county in Hebei province is one of
the areas with the highest mortality rate in China, the
incidence rates of EC was 123.9/100 000-153.8/100 000
for men and 85.3/100 000-108.1/100 000 for women[2,3].
Exfoliative balloon cytologic screening has been carried out
as a major secondary prevention procedure and high-risk
population of EC was defined above 30-year olds from
1970s to the beginning of 1990s endoscopic examination
became the major secondary prevention procedure and
high-risk population was defined as above 40-year olds after
1990 s[4,5]. To increase the economic benefit ratio of mass
survey in high-risk EC areas and concentrate on high-risk
populations, the results of cytological screening and
endoscopic examination, the data of EC incidence registered
from 1988 to 1997 were analyzed to explore the high
incidence age group of EC.
MATERIALS AND METHODS
The cytological screening results of 16 763 persons aged
above 40 years, endoscopic examination of 2 013 people
and records of 9 265 cases with EC were analyzed, including
male, 15 145 and female, 12 896. The data of incidence of
EC from 1988 to 1997 came from cancer registry station
in Ci county Tumor registry adopts the code of ICD-9[6].
The criterion of cytological diagnosis was as follows[8]:
normal esophageal epithelium cell (normal), mild esophageal
epithelium dysplasia (MEED), stage one severe esophageal
epithelium dysplasia (SEED I), stage two severe esophageal
epithelium dysplasia (SEED II), near EC (NEC) and EC
(EC). Pathological diagnostic criterion was mild esophageal
epithelium dysplasia (ED), moderate epithelium dysplasia (MD),
severe epithelium dysplasia (SD), early EC (carcinoma in situ
and intramucosal carcinoma) and invasive carcinoma[9,10].
According to epidemiological research, NEC, SEED I and
II diagnosed by cytology, ED, MD and SD diagnosed by
pathology were regarded as precancerous lesions (PL). The
age group was divided at five-year intervals.
Statistical analysis according to the consecutive rank of
diagnosis criterion in cytology and pathology, non-parameter
Ridit analysis was conducted. The accumulation direction
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Table 1 Age distribution of MEED, PL and EC detected by cytological screening of 16 763 persons
Age
Histology grade

Total
40 yr

45 yr

50 yr

55 yr

60 yr

65 yr

Normal (case, %)

2 718 (50.6)

1 518 (43.8)

1 094 (39.1)

945 (35.6)

651 (29.5)

95 (30.7)

7 021

MEED

1 574 (29.3)

1 100 (31.7)

928 (33.1)

882 (33.2)

758 (34.9)

104 (33.1)

5 346

PL

1 056 (19.7)

816 (23.6)

745 (26.6)

782 (29.5)

720 (33.2)

98 (31.7)

4 217

EC
Total

20 (0.4 )
5 368

29 (0.8 )
3 463

31 (1.1)
2 798

46 (1.7 )
2 655

41 (1.9 )
2 170

12 (3.9 )
309

179
16 763

MEED: mild esophageal epithelia dysplasia, PL: precancerous lesion, EC: EC.

Table 2 Age distribution by endoscopic pathologic screening of 2 013 persons
Age
Pathology grade

Total
40 yr

45 yr

50 yr

746 (94.2)

388 (84.7)

239 (74.2)

43 (5.4)

57 (12.4)

67 (20.8)

Early cancer

3 (0.4)

10 (2.2)

Advanced cancer

0 (0.0)

3 (0.7)

Normal (case, %)
PL

Total

792

458

60 yr

65 yr

165 (73.3)

83 (55.7)

33 (49.3)

1 654

39 (17.3)

47 (31.5)

17 (25.4)

270

11 (3.4)

14 (6.2)

11 (7.4)

8 (11.9)

57

5 (1.6)

7 (3.1)

8 (5.4)

9 (13.4)

32

322

55 yr

225

149

67

2 013

PL: precancerous lesion.

Table 3 Ridit value by histology by age distribution in comparison
with standard group
Age (yr)

Ridit value

95%CI

451

3 463

0.5

40

5 368

0.46

(0.45-0.47)

50

2 798

0.53

(0.51-0.54)

55

2 655

0.55

(0.54-0.56)

60

2 170

0.58

(0.57-0.59)

309

0.59

(0.55-0.62)

65
Total
1

Cases

16 763

Standard group.

Table 4 Ridit value for endoscopic pathology by age distribution in
comparison with standard group
Age (yr)

Ridit value

95%CI

451

458

0.5

40

792

0.45

(0.43-0.47)

50

322

0.55

(0.52-0.58)

55

225

0.56

(0.52-0.60)

60

149

0.65

(0.60-0.70)

65

67

0.69

(0.62-0.76)

Total
1

Cases

2 013

Standard group.

Table 5 Average age of each histology grade by cytology screening
Histology grade

Cases

mean±SD

t value

MEED

5 346

50.3±7.56

7.162

<0.001

SEEDI

3 179

51.2±7.70

3.554

<0.001

SEED II

866

51.6±7.54

4.537

<0.001

NEC

172

52.4±7.14

5.527

<0.001

EC

179

54.4±7.23

P

of frequency was from normal to cancer, the standard group
was 45-year-olds group (no invasive carcinoma in 40-yearolds group). The formula of mean Ridit value was: R = ∑f
R/n, 95% CI: R±1/√3n. We used SPSS (10.0) software in
statistical processing.

RESULTS
According to the results of exfoliative balloon cytological
screening, the detecting rates of precancerous lesions in
the 40-year-olds group and 45-year-olds group were 19.7%
(1 056/5 368) and 23.6% (816/3463), respectively, the
detecting rates of cancer were 0.4% (20/5 368) and 0.8%
(29/3 463) (Table 1). As the age increased at five-year
intervals in these two groups, the detecting rates of
precancerous lesion and cancer increased significantly with
age by 19.8% and 100%, respectively.
According to the pathological results of endoscopic
examination, the detecting rates of precancerous lesion was
5.4% (43/792) for 40-year-olds group and 12.4% (57/458)
for 45-year-olds group, respectively, the detecting rates of
cancer were 0.4% (3/792) and 2.2% (10/458), respectively
(Table 2), the detecting rates of precancerous lesion and
cancer increased by 129.6% and 450.0% in the old-age
group, respectively.
The 45-year-olds group being the standard group, the
Ridit value of 40-year-olds group was significantly lower than
that of the standard group. With the age increasing at five-year
intervals, the Ridit value increased in all from the 45-year-olds
group to the highest for the 65-year-olds group, which had
statistical difference between them (Tables 3 and 4).
As shown in Table 5, the mean ages of SEED I and II
by cytological diagnosis were 51.2 and 51.6 years, standard
deviation was 7.54 and 7.70. Cancer group being the control
group, there was statistical significance between control
group and other groups.
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The mean ages of patients with precancerous lesion of
esophagus diagnosed by pathology were 51.4 and 53.5 years,
standard deviation was 7.3 and 7.9. The invasive cancer
diagnosed by endoscopic examination being the control
group, there was statistical significance between control
group and other groups (Table 6).

Table 6 Average age of each pathology grade by endoscopic screening and tumor registration
Pathology grade

Cases

mean±SD

t value

P

Mild dysplasia

172

51.6±7.90

5.250

<0.001

Moderate dysplasia

157

53.5±7.42

4.220

<0.001

53
50

51.4±7.26
55.6±7.31

4.764
2.248

<0.001
<0.05

61.7±11.23

1.086

>0.05

Severe dysplasia
Early cancer
Advanced cancer1

9 265

Advanced cancer

31

1

56.7±6.76

From tumor registration.

DISCUSSION
The occurrence and development of EC is a slow process
involving multi-factors, multi-steps and multi-genes, the
carcinogenesis of esophageal squamous epithelium can be
illustrated in the order of basal cell hyperplasia or simple
hyperplasia→mild dysplasia→moderate dysplasia→severe
dysplasia→carcinoma in situ→early invasive cancer→
advanced cancer, which is a continuous process[10-12]. From
the viewpoint of cytology, the evolution process of EC is
sequenced as mild dysplasia→severe dysplasia→near to
carcinoma→carcinoma[7,8].
Compared with that of the 40-year-olds group (19.7%,
0.4%) by cytological criterion, the detecting rate of
precancerous lesion and cancer of the 45-year-olds group
(23.6%, 0.8%) increased by 19.8%, 100%, respectively
(Table 1). Similarly, by pathological criterion, the detecting
rate of precancerous lesion and cancer of 45-year-olds
group (12.4%, 2.8%) increased by 129.6%, 450.0%,
respectively (Table 2) compared with that of the 40-yearold group (5.4%, 0.4%). If the age of the candidate population
for screening increased by five years, the detecting rate of
cancer would rise markedly, especially by pathological
criterion.
In Japan[13], the population older than 50 years and with
a smoking or drinking history over 20 years was considered
as a high-risk population, the detecting rate of SD was
2.6% (417/1 799). In this research on Ci county, the
detecting rate of SEED in the 40-year-olds group was
1.5% and in the 45-year-olds group 3.3%. The crude
incidence rates of EC in 35-, 40- and 45-year-olds groups
of Japanese men in the mid-1990s were 0.2/100 000,
1.8/100 000 and 7.6/100 000, respectively[14]. The crude
incidence rates of EC in 35-, 40-, and 45-year-olds groups
of Iran which is one of the high-incidence areas in Asia in
1995 were 21.4/100 000, 48.3/100 000, and 66.8/100 000
for males respectively[14] . The incidence rates of 45-yearolds group in Japan and Iran were higher than that of
40-year-olds group, which increased by 322.2% and 38.3%,
respectively.
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According to exfoliative balloon cytological screening
and endoscopic pathological results, the Ridit values of
40-year-olds group were all lower than 0.5, and there was a
statistical significance in 95% CI, showing that the detecting
rates of precancerous lesions and cancer in 40-year-olds
group were all lower than that of 45-year-olds group. The
Ridit value increased with age at five-year intervals, with
statistically significant differences (Tables 3 and 4).
The research of the incidence age and natural history
of EC is for defining high-risk population. Screening survey
is suitable for cancers that progress slowly. The mean age
of precancerous lesion was 50-53 years, standard deviation
was 7.5 years by analysis of the mean ages of different
precancerous lesions and cancer diagnosed by cytology and
pathology. The mean age of patients, diagnosed by pathology,
with early carcinoma was 55.6 years. That is to say, the
mean age of patients with precancerous lesions was younger
than those with early carcinoma by 4-5 years. Cytological
diagnosis failed to suggest the clinical stage of EC, since
exfoliative balloon cytological screening could only obtain a
few of middle-layer cells of squamous epithelium, vicefundus cell and fundus cell were almost nil[10]. The highincidence age of esophageal carcinoma in Black Americans
was between 55 and 69 years, while for White Americans it
was above 70 years. Occident scholars regarded Barrett’s
esophagus and gastro-esophageal reflux disease as
precancerous disease and suggested the age scope of EC
screening to be above 50 years by the cost-utility analysis[15-19].
The mean incidence age of esophageal carcinoma of
9 265 cases registered in Ci county cancer station from
1988 to 1997 was 61.7 years. Most of those cases were
middle or advanced stage, the mean at diagnosis was 10 years
older than that of precancerous lesions by pathology and
five years older than that of early carcinoma or invasive
carcinoma. For an early carcinoma to progress into middle
or advanced stage, the ladder phenomenon of incidence
age of precancerous lesions and cancer also reflected the
natural history of esophageal carcinoma. In the process of
developing into esophageal carcinoma, the incidence age
of different grades of esophageal lesions diagnosed by
cytology or pathology had statistical significance (Table 5)
except 9 265 cases registered in Ci county cancer station
from 1988 to 1997 (Table 6). It is reasonable to define an
age scope for EC screening in a high-risk area of Ci county
of patients above 45 years according to the analysis of
incidence age and detection rate of different lesions in the
esophagus.
In addition, biological features of tumor are the basis
of screening, the carcinomatous conversion rate of
precancerous lesion in esophagus was correlated with age.
In the report of Ding[19], only 1.2% (1/83) of the population
younger than 40 years diagnosed with severe dysplasia of
epithelial cells by cytology developed into carcinoma after
nine years, so did the treated group. But the natural
carcinomatous conversion rate of 40-49-year olds rose to
13.1% (27/206). Hou et al [20], reported that the natural
carcinomatous conversion rate of 40-49-year group was
8.0% and rose to 12.3% in the 50-59-year group. The
incidence rate of 40-year group in Lin county, another highrisk area of EC in Henan Province, was 198.73/100 000
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for men and 191.53/100 000 for women in 1970s, and
decreased to 79.91/100 000 for men and 52.24/100 000
for women in 1990s[21].
According to the detecting rate of precancerous lesions
and cancer by cytology or pathology, the mean incidence
age of middle or advanced EC in high-risk areas, the natural
history and developing trend of EC by epidemiological
survey and analysis, it is appropriate to define the age scope
of high-risk population of EC as above 45 years, which is
of more benefit to EC screening. For instance, based on
the age structure of Ci county population in 1988-1992[22],
the population of 40-year-olds group accounted for 24.9%
of the total of 40-74-year olds. It will benefit the secondary
prevention of EC and condense high-risk population of
EC if the age scope of high-risk population is defined as
above 45 years.
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Abstract
AIM: To study the stereoselectivity of phase II
glucuronidation metabolism of side-chain propranolol in
Chinese Han population.
METHODS: Sixteen adult Chinese Han volunteers with
an average age of 20 years were given a single oral dose
of 20 mg racemic propranolol. Human urine at indicated
time after administration was collected and S-(-)-propranolol
glucuronide and R-(+)-propranolol glucuronide were
determined simultaneously by using RP-HPLC.
RESULTS: The mean values of k were 0.19±0.04 h-1 and
0.28±0.06 h-1, of t1/2 3.56±0.73 h and 2.45±0.50 h, of Tmax
2.21±0.45 and 1.75±0.33 h, and of Xu0-24 5.65±0.98 and
2.95±0.62 moL for S-(-)- and R-(+)-propranolol
glucuronide, respectively. The cumulative excretion
percentages in urine of doses were 14.7±2.46% and
7.68±1.60% for S-(-)- and R-(+)-propranolol glucuronide,
respectively. The results showed the elimination rate
constant k of S-(-)-propranolol glucuronide was less than
that of R-(+)-propranolol glucuronide; and the elimination
half-life (t1/2), Tmax and the cumulative excretion amount
(Xu0-24) of R-(+)-propranolol glucuronide were significantly
less than that of S-(-)-propranolol glucuronide.
CONCLUSION: The propranolol glucuronidation of the
side-chain undergoes stereoselective excretion in Chinese
Han population after an oral administration of racemic
propranolol.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Propranolol [1-isopropylamino-3-(1-naphthyloxy)-2propanol], available commercially as the racemic mixture,
is a nonselective -adrenergic blocking agent used in the
treatment of hypertension, angina pectoris and cardiac
arrhythmias. Since S-(-)-propranolol is about 100 times more
potent a -blocker than its optical antipode, significant
differences in their disposition may be important clinically[1-3].
The primary metabolic pathways of propranolol are
glucuronidation, side-chain oxidation and ring oxidation. The
metabolic products arise from naphthalene-ring hydroxylation,
N-dealkylation of the isopropanolamine side-chain and sidechain O-glucuronidation[4,6,7]. Glucuronidation represents a
major pathway which enhances the elimination of many
lipophilic xenobiotics and endobiotics to more polar
compounds and, thus, more readily excreted in bile or urine[8].
It has been reported that stereoselective glucuronidation
metabolism of propranolol occurred in whites and blacks[9-11],
but so far, there has been no such information from Chinese
Han subjects. The aim of the present study was to provide
further information of the stereoselective side-chain
glucuronidation in the urinary excretion of the propranolol
enantiomers glucuronides conjugate after oral dosing with
racemic propranolol in Chinese Han volunteers.
MATERIALS AND METHODS
Materials
Racemic propranolol, R-(+) and S-(-)-propranolol were
supplied by Sigma Chemical Co. (St. Louis, MO, USA).
Propranolol glucuronide was biosynthesized according to
Yu’s methods[12]. All other chemicals and solvents were of an
analytical or chromatographic grade and obtained commercially.
Instrumentation
Chromatographic determination of S-(-)-propranolol
glucuronide and R-(+)-propranolol glucuronide was
performed by using a Shimadzu HPLC system equipped
with LC-10AT VP pumps coupled to a manual injector
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with a 20 L fixed loop, a 5-m reverse phase column (C18,
250 mm×4.6 mm i.d ), and an SPD10A VP Fluorescence
detector. Column temperature was set at 30 ℃. The chromatographic data were collected and processed on an Epper
chromatopac station version (Zhejiang University, Hangzhou,
China). The mobile phase consisted of 67 mmol/L KH2PO4
buffer-methanol (60:40, v/v, pH 3.5) with a flow rate
of 1.0 mL/min. The chromatographic peaks of eluted
components were monitored at Ex310 nm and Em339 nm.
The concentrations of S-(-)-propranolol glucuronide and
R-(+)-propranolol glucuronide were calculated by integration
of their chromatographic peaks.
Drug administration and samples collection
This study was approved by the Ethics Committee of
College of Pharmaceutical Sciences, Zhejiang University.
Sixteen adult Han volunteers with an average age of 20 years
(18-22 years) and an average weight of 55 kg (52-58 kg)
participated in this study. The volunteers were judged to be
in good health on the basis of their medical history, physical
examination and laboratory profiles, which were performed
within two weeks before the study. The volunteers were
given 150 mL of water after excreting urine. Then they
were given a single oral dose of 20 mg racemic propranolol
tablet with 150 mL of water on an empty stomach. During
the investigation period, intake of other drugs and of alcohol
was not allowed. Urine samples were collected just before
dosing and at 1, 2, 4, 6, 8, 10, 12 and 24 h after dosing. The
volumes of the urine samples were measured after collection
and the urine samples were stored at -20 ℃ until analysis.
Assay procedure
The urine samples were allowed to stand and warmed to
room temperature, then filtered. The filtrates, diluted with
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Calculation
The apparent terminal elimination rate constant, k, was
calculated through least-squares regression analysis of urine
excretion rate-mid-point time date over the terminal loglinear disposition phase. The elimination half-life (t1/2) was
calculated as 0.693/k. The accumulative excretion from zero
to 24 h in urine (Xu0→24) was estimated as 0-24Cu×△T, with
Cu representing the concentration of drug at the collection
interval (△T). The excretion percentage in urine was
calculated by dividing oral dosage by Xu0→24. Student’s t-test
was used to evaluate the statistical significance of differences.

RESULTS
The drug free human urine spiked with S-(-)- and R-(+)propranolol glucuronides and true samples was analyzed
simultaneously to identify the chromatographic peaks of
glucuronidation metabolites. The S-(-)- and R-(+)-propranolol
glucuronide in urine was confirmed by hydrolyzing with D-glucuronidase. There was no peak found at the same
retention time of S-(-)- and R-(+)-propranolol glucuronide
in the chromatograms of blank human urine. The R-(+)propranolol glucuronide was eluted at about 14.2 min and
S-(-)-propranolol glucuronide about 18.2 min, propranolol
about 27.5 min and the resolution between two enantiomers
was more than 2.5 (Figure 1).
The excretion amounts of S-(-)- and R-(+)-propranolol
glucuronide in urine at indicated time after an oral
administration of 20 mg RS-(±)-propranolol tablet are
shown in Table 1 and the mean values of k, t1/2, T max and
[Xu] 0→24 of S-(-)- and R-(+)-propranolol glucuronide for
16 healthy Chinese Han volunteers are presented in Table
2. The cumulative excretion percentage of S-(-)- and R(+)-propranolol glucuronide of dose in human urine after
an oral administration of 20 mg racemic propranolol tablet
is shown in Figure 2.
DISCUSSION
The stereoselectivity of propranolol glucuronidation has
been found in whites and blacks at different doses and by
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Figure 1 Typical chromatograms from one of Chinese Han subjects
at 0–1 h. (A) and 3–4 h; (B) after an oral dosing of 20 mg RS-propranolol tablet.
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Figure 2 The cumulative excretion percentage of S-(-)- and R-(+)propranolol glucuronide in urines of Chinese Han subjects after
20 mg oral administration of RS-(±)-propranolol tablet (n = 16).
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Table 1 Excretion amounts of S-(-)- and R-(+)-propranolol glucuronide and the ratio of S-/R-propranolol glucuronide in the urine of Chinese
Han volunteers (n = 16)
Time (h)
S-(µmoL)
R-(µmoL)
S-/R-

0–1

1–2

2–3

3–4

4–6

6–8

8–10

10–12

12–24

0.239±0.13
0.328±0.17
0.729

1.08±0.34
0.98±0.29
1.10

1.16±0.31 a
0.73±0.20
1.59

0.81±0.27b
0.34±0.12
2.38

1.01±0.19b
0.30±0.08
3.37

0.54±0.21b
0.13±0.08
4.15

0.28±0.11b
0.06±0.03
4.67

0.20±0.09b
0.04±0.03
5.00

0.32±0.12b
0.04±0.04
8.00

Differences in mean values between S-(-)- and R-(+)-propranolol glucuronide were significant; aP<0.05, bP<0.01 vs R-(+)-propranolol glucuronide.

Table 2 Main pharmacokinetic parameters of S-(-)- and R-(+)-propranolol glucuronide after an oral dose in Chinese Han healthy
volunteers (n = 16)
Glucuronide
S-PL
R-PL

k (h-1)

t 1/2 (h)

Tmax(h)

[Xu]0→24(moL)

0.195±0.04b
0.283±0.06

3.56±0.7 b
2.45±0.5

2.21±0.45 b
1.75±0.33

5.65±0.98 b
2.95±0.62

Differences in mean values between S-(-)- and R-(+)-propranolol glucuronide
were significant; bP<0.01 vs R-(+)-propranolol glucuronide.

using different analytical methods. Pham-Huy et al, described
an analytical method to determine the S- and R-propranolol
conjugates indirectly. The glucuronide conjugates are cleaved
prior to extraction by incubating and then the enantiomers
are derivatized with R(+)-phenylethylisocyanate as chiral
derivatization reagent. The results indicated that S-propranolol
conjugates showed higher concentrations than R-propranolol
conjugates in plasma and urine[9]. Silber et al [10] , reported
plasma concentrations of S-(-)-propranolol glucuronide
conjugate were greater than that for R(+)-propranolol
conjugate and the terminal elimination half-lives of S-(-)propranolol glucuronide conjugate were longer than for the
R(+)-enantiomer at all doses in four healthy adults. Racial
differences in propranolol enantiomer kinetics following
simultaneous intravenous and oral administration in 12 white
and 13 black healthy males have been reported and there
were trends (P>0.05<0.10) toward higher R-propranolol
glucuronidation in blacks compared with whites[11]. There are
some merits for the disposition study using urine-drug excretion
data, such as more information of metabolism could be
obtained, urine samples were easily acquired from the volunteers;
the larger sample volume could be used and the assay sensitivity
could be improved; and the pretreatment of urine sample
was simpler for assay in comparison with that of blood, etc.
It has been reported that Chinese are more sensitive to
the -blocking and hypotensive effects of propranolol
than Caucasians[5]. Our study is the first on the feature of
stereoselective glucuronidation metabolism of propranolol
in urine of Chinese Han subjects. The S- and R-propranolol
glucuronides were directly separated and simultaneously
assayed by using RP-HPLC without hydrolysis and chiral
derivatization. The results from Table 1, Figures 1 and 2
showed that in the first hour, there were trends toward higher
cumulative excretion of R-propranolol glucuronide in urines
without significant difference. The ratio of S-/R-propranolol
glucuronide was reversed 2 h after oral administration
from <1 to >1 and up to 1.86 at 24 h (Figure 2). The
experimental results indicated that the elimination rate
constant k of S-(-)-propranolol glucuronide was less than
that of R-(+)-propranolol glucuronide; and the elimination
half-life (t1/2), Tmax and the cumulative excretion amount

(Xu0-24) of R-(+)-propranolol glucuronide were significantly
less than that of S-(-)-propranolol glucuronide (Table 2). The
excretion percentage of S-(+)- and R-(+)-propranolol
glucuronide was 14.7% and 7.68% of the dose, respectively.
The total amounts excreted in urine were 22.4% of the amounts
ingested, which is higher than that in white people with 17%.
In conclusion, the results obtained suggest that the urinary
excretion of glucuronidation of the side-chain was
stereoselective in Chinese Han populations after an oral
administration of racemic propranolol.
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Abstract
AIM: To investigate effects of ischemic pre-conditioning
on the liver endogenous oxidant-antioxidant system during
ischemia/reperfusion injury.
METHODS: Twenty-four male Sprague-Dawley rats were
randomly divided into sham-operated (Sham), ischemia/
reperfusion (I/R), ischemic pre-conditioning plus ischemia/
reperfusion (IPC) groups. Serum ALT, AST and hyaluronic
acid levels were assayed and pathologic alterations
observed. Liver malondialdehyde (MDA) contents,
endogenous antioxidant enzymes, superoxidase dismutase
(SOD), catalase (CAT), gultathionine peroxidase (GSH-Px)
activities, neutrophils accumulation marker, myeloperoxidase
(MPO) activities were measured respectively.
RESULTS: Compared with I/R group, sinusoidal endothelial
cells as well as hepatocytes damages, as assessed
biochemically and histochemically, were improved
significantly in IPC group; neutrophils infiltration was also
markedly reduced. In IPC group, liver peroxidation, as
measured by MDA contents, was significantly decreased
when compared with I/R group; endogenous antioxidant
enzymes, SOD, CAT and GSH-Px activities were markedly
higher than that in I/R group.
CONCLUSION: Ischemic pre-conditioning exerts protective
effects on both hepatic sinusoidal endothelial cells and
hepatocytes during liver I/R injury. Its mechanisms may
involve dimunition of neutrophils infiltration and modulation
of the imbalance of endogenous oxidant-antioxidant
system in the organism.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ischemia/reperfusion (I/R) injury is a major cause of
morbidity and mortality following liver surgery and
transplantation. Ischemic pre-conditioning (IPC) refers to
brief episodes of ischemia followed by prolonged ischemia
and reperfusion and has been shown to protect organs against
ischemia/reperfusion injury[1]. Although, it was studied
extensively in a variety of organs, including skeletal muscle,
brain, spinal cord, kidney, intestine, heart and liver, the
mechanisms of its protective effects remain unknown.
Reactive oxygen species (ROS) have been implicated
in the pathogenesis of ischemia/reperfusion injury [2].
Administration of antioxidants such as glutathione,
quercetin, could afford protection against ischemia/
reperfusion injury[3,4]. It has been shown that ischemic preconditioning can prevent the formation of ROS after I/
R, thus exerting protection to the liver[5,6]. To control the
detrimental effects of ROS, organisms have developed a
variety of antioxidant defense systems, especially the
endogenous antioxidant enzymes system including
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPx). However, there is little information
available revealing the effects of ischemic pre-conditioning
on those antioxidant enzymes. In this study, we investigated
the effects of ischemic pre-conditioning on the liver
endogenous oxidant-antioxidant system during ischemia/
reperfusion injury.
MATERIALS AND METHODS
Animal model
Twenty-four male Sprague-Dawley rats, weighing 200-250 g,
were obtained from the Experimental Animal Center of
Wuhan University and kept under specific pathogen free
conditions. The rats were randomly divided into 3 groups
of 8 rats each: sham-operated (Sham) group, ischemia/
reperfusion (I/R) group, ischemic preconditioning plus
ischemia/reperfusion (IPC) group. Liver I/R injury was
induced as follows. Rats were anesthetized with sodium
pentobarbital (50 mg/kg intraperitoneally). A midline
laparotomy was performed. An atraumatic clip was used to
interrupt blood supply to the left lateral and median lobes
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of the liver. After 90 min of partial hepatic ischemia, the
clip was removed to initiate hepatic reperfusion. Sham group
rats underwent the same protocol without vascular occlusion.
But in IPC group rats, before the procedure of ischemia/
reperfusion, the left lateral and median lobes of the liver
were subjected to 10 min ischemia followed by 10 min
reperfusion. Three hours after liver reperfusion, all rats
were sacrificed and blood and liver samples were collected
for analysis.
Serum liver function and hyaluronic acid assay
Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels were measured using
commercial kits by a Hitachi Automatic Biochemical
Analyzer. Determination of serum hyaluronic acid was
performed by radioimmunology according to the assay kit’s
instructions (Shanghai Navy Medical Institute, China).
Detection of liver malondialdehyde levels and antioxidant
enzymes activities
Rat livers were homogenized in 0.05 mol/L phosphate
buffer. The homogenates were centrifuged at 3 500 r/min
for 30 min at 4 ℃ and the supernatant was taken for the
assays of MDA and antioxidant enzymes activities (all assay
kits purchased from Nanjing Jiancheng Bioengineering Co.
Ltd, China).
MDA was assayed by the measurement of thiobarbituric
acid-reactive substances (TBARS) levels at 532 nm. Results
were expressed as nmol/mg protein.
SOD activity was measured through the inhibition of
nitroblue tetrazolium (NBT) reduction by O2- generated by
the xanthine/xanthine oxidase system. One SOD activity
unit was defined as the enzyme amount causing 50%
inhibition in 1 mL reaction solution per milligram tissue
protein and the result expressed as U/mg protein.
CAT activity was determined by measuring the intensity
of a yellow complex formed by molybdate and H2O2 at
405 nm, after ammonium molybdate was added to terminate
the H 2O2 degradation reaction catalyzed by CAT. An
enzyme activity unit was defined as the degradation of
1 mol H2O2 per sec per mg tissue protein and the enzyme
activity expressed as U/mg protein.
GSH-Px activity was detected by measuring the reduction
of glutathione (GSH) per min on the base of its catalysis.
GSH reacts with 5,5’dithiobis-p-nitrobenzoic acid (DTNB),
and produces yellow colored compounds which are detected
at 412 nm and represents the reduction of GSH. One unit
of the enzyme activity was defined as a decrease of 1 mol/L
GSH per min for 1 mg tissue protein after the decrease of
GSH of the nonenzymatic reaction is subtracted and the
result expressed as U/mg protein.
Detailed procedures for the above measurements were
performed according to the kits’ protocol. The protein
content was determined by the technique of Lowry et al[7],
using bovine serum albumin as the standard.
Myeloperoxidase assay
Liver samples were weighed and homogenized in a solution
prepared from the assay kit (Nanjing Jiancheng Bioengineering

March 28, 2005

Volume 11

Number 12

Co. Ltd, China), and homogenates of 5% were obtained
and used for MPO assay. MPO can catalyze the redox
reaction of H2O2 and 3, 3, 5, 5-tetramethylbenzidine and
produce yellow- colored compounds, through whose
absorbance at 460 nm MPO activity was calculated and
expressed as U/g wet tissue. One unit of MPO activity was
defined as the quantity of enzyme that degraded 1 moL
H2O2 at 37 ℃ per g wet tissue.
Pathological studies
Liver specimens, with approximate size 1.0 cm×0.5 cm×0.3 cm,
were fixed in 10% formaldehyde for 12-24 h, dehydrated
gradually in a graded series of ethanol, clarified in xylene
and embedded in paraffin wax. Paraffin wax sections of
5 m were stained with hematoxylin and eosin for pathologic
examination.
Statistical analysis
Data were expressed as mean±SD. The statistical significance
of differences between groups were analyzed using the oneway analysis of variance (ANOVA). The P values less than
0.05 was considered statistically significant.

RESULTS
Serum ALT, AST and HA levels (Table 1)
After 90 min of hepatic ischemia and 3 h of reperfusion,
serum ALT and AST levels were significantly increased in
I/R group, as compared with Sham group (P<0.01).
However, in IPC group, serum ALT and AST levels were
markedly reduced when compared with I/R group (P<0.01).

Table 1 Effects of IPC on serum ALT, AST, and HA levels during
hepatic I/R injury
Groups
Sham

ALT (U/L)

AST (U/L)

HA (g/L)

43.65±4.15

146.90±10.51

41.01±9.02

I/R

250.51±9.96b

308.24±12.61b

397.80±22.92b

IPC

197.13±13.82d

211.71±10.67d

197.80±12.68 d

b

P <0.01 vs Sham group; dP <0.01 vs I/R group.

Serum levels of hyaluronic acid were also significantly
increased in I/R group compared with Sham group (P<0.01).
In IPC group, serum hyaluronic acid levels were markedly
lower than in I/R group (P<0.01).
Liver MDA levels and antioxidant enzymes activities (Table 2)
Liver levels of MDA, a marker of oxidative stress[8], were
significantly higher in I/R group compared with Sham group
(P<0.01). However, the MDA levels in IPC group were
markedly decreased as compared with I/R group (P<0.01).
Activities of liver antioxidant enzymes, SOD, CAT and
GSH-Px were presented in Table 2. In I/R group, all these
enzymes activities were significantly lower compared with
Sham group (P<0.01). But in IPC group, the antioxidant
enzymes activities were markedly higher when compared
with I/R group (P<0.01).
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Table 2 Effects of IPC on the liver MDA levels as well as the antioxidant enzymes activities during hepatic I/R injury
Groups

Sham
I/R
IPC
b

MDA
(nmol/mg
protein)

SOD
(U/mg
protein)

CAT
(U/mg
protein)

3.46±0.59
17.56±2.16b
10.52±1.62d

234.42±12.27
128.08±9.37b
179.41±9.19d

18.29±0.89
8.09±0.71b
13.08±0.70d

GSH-Px
(U/mg
protein)
247.67±23.89
106.40±15.45b
179.50±24.76d

P<0.01 vs Sham group; dP <0.01 vs I/R group.

Liver MPO activities (Figure 1)
Neutrophil deposition at 3 h of reperfusion in the ischemic
lobes, as analyzed by MPO activities[9], increased significantly
in I/R group compared with Sham group (P<0.01). In
contrast, IPC group had markedly reduced MPO activities
as compared with I/R group (P<0.01).

MPO activities
(U/g wet tissue)

12
10
8
6
4
2
0

Sham group I/R group IPC group

Figure 1 Effects of IPC on the liver MPO activities during hepatic I/R
injury.

Pathologic changes
The ischemic lobes in I/R group revealed disorderly liver
sinusoids, enlarged and congested with many red bloodcells, their lining endothelial cells degenerated, necrotized
and sloughed off, exposing parenchymal cells immediately
to blood, as well as multiple and extensive ballooning/
hepatocellular necrosis and massive infiltration of neutriphils
(Figure 2). However, IPC group showed good preservation
of lobular architecture, with less sinusoidal lining endothelial
cells swelled, necrotized and sloughed off and few
hepatocellular necrosis/ballooning and neutrophils infiltration
as well (Figure 3).

Figure 2 Liver tissue from I/R group showed disorderly liver sinusoids enlarged and congested with many red blood cells, lining endothelial cells necrotized and sloughed off, and multiple hepatocellular necrosis and massive infiltration of neutriphils as well. HE×200.

Figure 3 Liver tissue from IPC group showed orderly sinusoids with
less lining endothelial cells necrotized and sloughed off, and few
hepatocellular degeneration and necrosis and neutrophils infiltration.
HE×200.

DISCUSSION
Hepatic ischemia/reperfusion can lead to liver cells (i.e.,
parenchymal and sinusoidal cells) damage and dysfunction.
Ischemic pre-conditioning is extensively documented to
reduce I/R injury in a variety of organs including liver[10-12].
In our study, we demonstrated that IPC could attenuate
hepatic I/R injury, indicated by reduced serum ALT and
AST levels and improved tissue pathologic alteration as
compared with I/R group. Neutrophils contribute to the
hepatic I/R injury[13]. Intravital video microscopy observed
that ischemic pre-conditioning could attenuate the
recruitment of leukocytes in terminal hepatic venules after
liver I/R[14]. Our study also showed that IPC significantly
blunted the increase of liver MPO contents, a marker of
neutrophils accumulation, compared with I/R group.
Hyaluronic acid (HA) is produced mainly by fibroblast and
other specialized connective tissue cells, and removed from
circulation by specific receptors present in sinusoidal cells
(SEC) of the liver. HA uptake reflects the damage of SEC
and serum HA levels were used as a noninvasive indicator
of SEC damage[15,16]. Our experiment showed that the increase
of serum HA levels was markedly prevented in IPC group
as compared with I/R group and sinusoidal endothelial
pathological alteration also significantly improved, suggesting
that IPC was not limited to parenchymal cells but ameliorated
sinusoidal cells dysfunction during I/R injury.
ROS is involved in the I/R injury. Liver contents of
MDA, the product of lipid peroxidation, were significantly
increased following I/R compared with Sham group. In
IPC group, the MDA contents were markedly lowered
compared with I/R group. The results are in agreement
with the reports of Cavalieri et al [5]. Peralta et al[6], showed
that IPC could block the xanthine oxidase pathway of ROS
generation, thus providing protection against liver I/R
injury. Diminishing ROS production contributes to the
mechanism of IPC injury-preventive effects. To reduce the
detrimental effects of ROS, besides diminishing its
production, organisms have developed their own antioxidant
mechanisms including low-molecular-weight antioxidant
molecules, i.e., glutathiones, melatonin and various antioxidant
enzymes, such as SOD, CAT, GPx and glutathione reductase.
These enzymes activities are higher in the liver than in other
tissues. SOD catalyses the dismutation of the superoxide

1828

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

anion (O2-) into H2O2; H2O2 can be transformed into H2O
and O2 by CAT; GSH-Px is a selenoprotein, which reduces
lipidic or nonlipidic hydroperoxides as well as H2O2 while
oxidizing GSH[17]. In our study, we found that I/R impaired
these enzymes activities, as indicated by the markedly lower
activities compared with Sham group. But in IPC group,
the decrease of enzymes activities was significantly suppressed
during I/R injury. These data indicate that IPC may confer
protection to the liver during I/R injury in part by improving
activities of the endogenous antioxidant enzymes, which
scavenge ROS and reduce their effects. However, the
mechanism by which it stimulates these antioxidant enzymes
is unknown. Many evidences have shown that the expressions
of all these enzymes genes are directly or indirectly regulated
by redox-sensitive transcription factors, such as NF-B and
AP-1[18,19]. Hepatic IPC is associated with activation of NFkappaB[20] , which may account for its stimulation of the
endogenous antioxidant enzymes.
In summary, the present study showed that IPC could
protect sinusoidal endothelial cells as well as hepatocytes
during liver I/R injury and its mechanism is partly involved
in modulating the imbalance of endogenous oxidantantioxidant system in the organism. This may suggest a
potential role for antioxidant enzymes in the management
of I/R injury, but further studies are needed for their injurypreventive effects.
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Abstract
AIM: To investigate the effects of mitomycin (MMC)
combined with sulindac on cell viability, apoptotic induction
and expression of apoptosis-related gene Bcl-2 and
cyclooxygenase-2 (COX-2) in gastric cancer SGC-7901
cells.
METHODS: Human gastric cancer SGC-7901 cells were
divided into three treatment groups,namely sulindac
treatment group, MMC treatment group and combined
sulindac with MMC treatment group. After being treated
with drugs, cell viability was examined by MTT assay.
Flow cytometry was used to evaluate the cell cycle
distribution and apoptotic rates. Morphology of the cells
was observed under light microscope and interactive laser
microscope. Expression of COX-2 and Bcl-2 was determined
by immunocytochemical method.
RESULTS: After exposure for 12 h to three kinds of drugs,
gastric cancer SGC-7901 cells presented some morphological
features of apoptosis, including cell shrinkage, nuclear
condensation, DNA fragmentation and formation of
apoptotic bodies. Growth inhibition was more obvious in
combined sulindac with MMC treatment group and sulindac
treatment group than in MMC treatment group. The
apoptotic rates in co-treated cells and MMC-treated cells
24 h after treatment were 12.0% and 7.2%, respectively.
After exposure for 24 h to MMC, the expression of COX-2
and Bcl-2 protein was up-regulated, COX-2 levels were
down-regulated but Bcl-2 gene expression was not changed
significantly in combined treatment group.
CONCLUSION: MMC-induced apoptosis is reduced by
up-regulating the expression of COX-2 and Bcl-2 genes.
MMC combined with sulindac can suppress the growth of
gastric cancer cells through induction of apoptosis
mediated by down-regulation of apoptosis-related Bcl-2
and COX-2 gene.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The protein expressed by cyclooxygenase-2 (COX-2) gene is
considered as a pro-oncogenic protein[1], and its overexpression
in tumor tissue is related to the carcinogenesis and development
of carcinoma[2-6] . Nonsteroidal anti-inflammatory drugs
(NSAIDs), such as aspirin, indomethacin and sulindac, may
play a role in the inhibition of proliferation and induction
of apoptosis of tumor cells through the inhibition of COX-2
activity [7-10]. Celecoxib, a selective COX-2 inhibitor of
NSAIDs, approved by FDA has been used to reduce the
number of adenomatous colorectal polyps in patients with
familial adenomatous polyposis[11]. The present study was
designed to observe the inhibitory effect of sulindac,
mitomycin (MMC) and sulindac in combination with MMC
on human gastric cancer SGC-7901 cells in vitro.
MATERIALS AND METHODS
Materials
Human gastric cancer cell line SGC-7901 was purchased
from Shanghai Institute of Cell Biology, Chinese Academy
of Sciences. RPMI 1640 medium was a product of Gibco.
Sulindac, MTT and propidium iodide (PI) were purchased
from Sigma. MMC was purchased from Kyowa Hakko
Kogko Co., Japan. Goat anti-human COX-2 multiclonal
antibody was purchased from Santa Cruz Biotechnology.
SP detection kit and Bcl-2 monoclonal antibody were from
Maixing Biotech Co, Fujian, China.
Methods
Human gastric cancer SGC-7901 cells were divided into
sulindac treatment groups, MMC treatment group, and
combined sulindac with MMC treatment group. Then cells
were treated with concentrations of 1 mmol/L sulindac,
1×10-3 g/L MMC and 1 mmol/L sulindac in combination
with 1×10 -3 g/L MMC, respectively. Cells were grown in
RPMI 1640 supplemented with 100 mL/L fetal bovine serum
(FBS), penicillin (100 mg/L) and streptomycin (100 mg/L) in
a humidified atmosphere of 50 mL/L CO2 at 37 ℃.
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MTT assay
SGC-7901 cells were plated at 7×103 cells/well in 96-well
plates in RPMI 1640 containing 10% FBS. After 24 h, the
culture medium was replaced by a fresh medium containing
the three drugs. Six duplicate wells were set up in each sample.
The cells not treated with the drugs served as control cells.
After 12-, 24- or 48-h incubation, 20 mL MTT (5 g/L) was
added to each well and incubated for 4 h. Supernatant was
then removed, 150 mL DMSO was added, then shaken
for 10 min until the crystal was dissolved. A570 nm value was
measured with an ELISA reader. The negative control well
had no cells and was used as zero point of absorbance.
Each assay was performed in triplicate. Cell growth curve
was completed using time as the abscissa and A value
(mean±SD) as the ordinate.
Morphological observation
After treated with drugs, cytologic morphological changes
were observed under the Olympus optical microscope. Cells
were subcultured on coverslips in 6-well culture plates. After
12, 24 and 48 h the coverslips were taken out and observed
after stained with HE. A drop of cell suspension solution
treated with drugs was added onto the cover glass slide and
mixed with 5 µL acridine orange. After 10 min, cells were
observed and photographs were taken under interactive
laser microscope.
Flow cytometric analysis
SGC-7901 cells untreated and treated with drugs were
collected, rinsed in PBS, resuspended and fixed in 70%
ethanol at 4 ℃ overnight, then washed with PBS again,
treated with 200 µL 100 mg/L RNase at 37 ℃ for 15 min
and stained with 100 mL 50 mg/L PI at 4 ℃ for 30 min in
darkness. Cell cycle distribution at different phases and
apoptotic rate were analyzed by FACScan flow cytometry.
Immunocytochemical analysis of COX-2 and Bcl-2
Cells treated with different drugs were cultured on coverslips
in a 6-well plate. After 24 h, the cells growing on coverslips
were fixed with cold 950 mL/L ethanol for 30 min. After
washing in PBS, the cells were incubated in 5 mL/L H2O2
solution to inactivate endogenous peroxidase, blocked with
normal goat serum at room temperature for 10 min to
reduce the non-specific binding, and incubated with
monoclonal Bcl-2, multiclonal COX-2 antibodies at 4 ℃

Control group

MMC group

Sulindac group

Combined group
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overnight. Then cells on the coverslips were incubated with
biotinylated anti-mouse IgG at 37 ℃ for 12 min, and then
incubated in streptavidin-peroxidase at 37 ℃ for 15 min. The
chromogenic reaction was developed with diaminobenzidine.
PBS was used as substitute of protein antibody for negative
controls.

RESULTS
Proliferation and apoptosis of SGC-7901 cells
Cell growth was determined by MTT assay. As shown in
Figure 1, MMC combined with sulindac showed a more
potent effect on the growth of reducing SGC-7901 cells
than MMC alone. Under optical microscope, SGC-7901
cells untreated with drugs were rhomboidal or polygonal in
shape, and stuck together to clusters. After treatment, some
cells rounded up off the plate, exhibiting smaller and circular
shape and suspending in culture medium. Through HE
staining, SGC-7901 cells exhibited the characteristics of
apoptosis including cell shrinkage, deep-dyed pyknotic nuclei,
fragmentation of nuclei and apoptotic body formation. The
viable cells, not dyeable to fluorescence agent, were stained
shallowly (Table 1). Under interactive laser microscope, as
shown in Figure 2, in the control group, the nuclei were big
and round, and chromatin exhibiting a green fluorescence
was disperse. However, cytoplasmic and nuclear shrinkage,
increased density and margination of nuclear chromatin,
cytoplasmic blebbing and apoptotic bodies were easily
identified in drug-treated groups. As compared to other
groups, combined treatment group had many more cells
with apoptotic characteristics as described above. The longer
the time treated with drugs, the more the apoptotic cells
there were.

A

B

A Value

0.8
0.6
0.4
0.2
0.0

0

12

24

48

t/h
Figure 1 Inhibitory effect of three drugs on SGC-7901 cell.

Figure 2 Characteristics of untreated gastric cells. A: and treated
gastric cells; B: with drugs.
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Table 1 Effect of drugs on apoptosis and cell cycle of SGC-7901 cell
line (%, mean±SD)
Group

Apoptosis

G0 /G1

Control

0.43±0.38

47.43±2.81

45.50±1.25

7.06±4.06

Sulindac

3.80±0.53a

49.67±3.29

44.70±5.82

4.97±6.52

MMC

7.20±1.31a

56.67±3.92a

40.40±11.53

6.60±2.99

Combined

11.9±2.59b

68.40±5.53b

29.23±5.87

2.37±0.45

a

S

G2/M

P<0.05 vs control, bP<0.01 vs MMC.

Table 2 Expression of COX-2, Bcl-2 protein in SGC-7901 cells after
incubated with three drugs for 24 h (mean±SD, n = 3, A)
Group

COX-2

Bcl-2

Control

0.4980±0.0330

0.3652±0.057

Sulindac

0.3967±0.0306a

0.2617±0.0333 b

MMC

0.5633±0.0208

0.4500±0.0436 b

Combined

0.4000±0.0265 a,c

0.3660±0.0397 c

a

P<0.05, bP<0.01, vs control, cP<0.05 vs MMC.

Effect of drugs on cell cycle phase distribution and apoptosis
The hypodiploid peak before the G1 phase on histogram
was called apoptotic cells in FCM analysis. The apoptotic
rates of cells incubated in combined drug medium for 24 h
were significantly higher than those in MMC treatment group
and other groups (P<0.01). The proportion of cells increased
in the G0/G1 phase and decreased in the S and G2/M phases
of the cell cycle in all three groups.
Expression of COX-2 and Bcl-2 protein
Positive of COX-2 and Bcl-2 expression was found in control
group. The positive staining of COX-2 and Bcl-2 in control
group showed brown particles, and were distributed mainly
in cytoplasm or nuclear membrane and strong positive
staining was found in nuclei. Expression of Bcl-2 protein
was mainly in membrane and nuclei of cells. The absorbance
value (A) of positive cells was detected by image analysis
software. The mean value under three random fields was
regarded as the relative level of COX-2 and Bcl-2 protein
expression. After treatment with drugs for 24 h, the protein
level of COX-2 and Bcl-2 decreased in sulindac treatment
group and increased in MMC treatment group. After being
treated with combination of sulindac and MMC, COX-2
protein level reduced, expression of Bcl-2 remained
unchanged as compared to control group, but decreased as
compared to MMC treatment group (Table 2).
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is a upstream regulator of Bcl-2 and may have effect on
apoptosis of tumor cell by influencing Bcl-2 gene[16]. Recent
studies showed that sulindac has significant anti-proliferation
effect on the human gastric adenocarcinoma cell lines
MKN45 and MKN28 in vitro and induces apoptosis of
cells, and indicating that apoptosis of gastric cells induced
by sulindac is involved in the inhibition of COX-2 activity
which decreases the level of Bcl-2 [7] . Our results in the
present study demonstrated that growth inhibition in
combined treatment group was more obvious as compared
to MMC or sulindac treatment group. FCM showed that
the apoptotic rate was higher in combined treatment group
than in MMC or sulindac treatment group. After treated
with drugs for 24 h, the levels of COX-2 and Bcl-2 protein
increased in MMC group, and decreased in combined group,
indicating that MMC-induced apoptosis is reduced, which
may be caused by up-regulating the expression of COX-2
and Bcl-2 genes, and apoptosis of gastric cancer cells may
be mediated by the down-regulation of Bcl-2 and COX-2
gene. A study reported that after exposure of human gastric
cancer MKN74 cells to MMC, up-regulation of COX-2
and Bcl-2 protein expression is noted. Furthermore,
cotreatment with MMC and NS-398 can down-regulate
protein expression and enhance apoptosis of gastric cancer
cells[17]. In this study, inhibition of expression of COX-2
and Bcl-2 by sulindac was observed, and Bcl-2 level was
much lower in combined group as compared to MMC group.
Cell apoptosis is a active, cellular suicide process regulated
by genes, and involves many apoptosis-related genes, such
as P53, Bcl-2, C-ntyc. Bcl-2 is one of the final joint pathways
of apoptosis [18]. Apoptosis induced by a number of
antitumor drugs can be inhibited by Bcl-2[19]. The commonly
used antitumor drugs combined with COX-2 inhibitors or
antisense gene agents can enhance chemotherapeutic efficacity,
reduce drug dose and adverse side effect[19,20]. Our results
in the present study indicate that inhibition of proliferation
and induction of apoptosis by MMC in combination with
sulindac in human gastric cells are enhanced, which may be
mediated by the down-regulation of apoptosis-related Bcl-2
gene. To date, however, the exact mechanisms accounting
for the signal conductive process between COX-2 and Bcl-2
are still not fully understood. Based on current studies, aside
from COX-dependent mechanism, some of them are COXindependent[21-24]. Sulindac and its derivatives have different
mechanisms in inducing apoptosis of cancer cells. In
conclusion, the combination of MMC and sulindac is more
effective on inhibiting cell growth than either MMC or
sulindac in cultured SGC-7901 cells.
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Abstract
AIM: To develop an oral attenuated Salmonella typhimurium
vaccine against gastric cancer and to evaluate its efficacy
in mice.
METHODS: A complementary sequence of Nco I site and
a sequence coding for MG7-Ag mimotope were designed
at the 5’ terminus of forward primer. Using p1.2 II-HBCAg
plasmid as template, PCR was performed to get a fusion
gene of the mimotope and a HBcAg gene. The fusion
gene was then subcloned into the plasmid pYA3341
complementary to Salmonella typhimurium X4550, and
the recombinant plasmid was then transformed into
attenuated Salmonella typhimurium X4550. Balb/c mice
were orally immunized with the recombinant Salmonella
typhimurium X4550. The mice were immunized every
2 wk to reinforce the immunity. At the 6th wk, serum titer
of antibody was detected by ELISA, and at the 8th wk,
cellular immunity was detected by 51Cr release test. Ehrlich
ascites carcinoma cells expressing MG7-Ag were used in
tumor challenge assay as a model to evaluate the protective
effect of the vaccine.
RESULTS: Serum titer of antibody against MG7-Ag was
significantly higher in mice immunized with the vaccine
than in control groups (0.9538±0.043 vs 0.6531±0.018,
P<0.01; 0.9538±0.043 vs 0.6915±0.012, P<0.01), while
in vitro 51Cr release assay of the splenocytes showed no
statistical difference in the three groups. Two weeks
after tumor challenge, 1 in 5 immunized mice was tumor
free, while all the mice in the control group presented
tumor.
CONCLUSION: Oral attenuated Salmonella typhimurium
vaccine against the MG7-Ag mimotope of gastric cancer
is immunogenic. It can induce significant humoral
immunity against tumors in mice, and has some protective
effects.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is the most common malignant tumor in
China and the second most common malignancy in the
world. Conventional inter vention measures such as
operation and chemotherapy work poorly in treating gastric
cancer. With few tumor-specific antigens identified, there
have been no effective vaccines developed to combat gastric
cancer. MG7-Ag, discovered by our institute, is a kind of
gastric cancer-specific tumor associated antigens specifically
expressed in gastric carcinomas and can be used as an
indicator of high risk of malignant changes in gastric mucosa
dysplasia[1] . Primary studies showed that MG7-Ag could
elicit significant and specific immune response against
gastric cancer, suggesting that it could be an excellent
target for cancer vaccine development[2]. However, due to
its unknown identity, it is rather difficult to isolate and
purify the MG7-Ag from tumor tissues. Recently, we have
identified the mimotopes of MG7-Ag by screening the phage
display library, and the mimotopes could mimic the primary
antigen efficiently, as shown by in vitro and in vivo assays[3].
The present study was to develop an oral attenuated
Salmonella typhimurium vaccine using the MG7-Ag mimotope
of gastric cancer.
MATERIALS AND METHODS
Plasmids and bacteria
Attenuated Salmonella typhimurium X4550(crp-1, cya-1,
asd-, NA+, R -M + ) , E.coli X6212 (asd-, NA+, R -M + ) and
plasmid pYA3341(asd + ) were a gift from Dr. Curtiss
(Washington University, St.Louis, USA). Plasmid p1.2 II and
E.coli DH5  were from Institute of Digestive Disease,
Xijing Hospital, Fourth Military Medical University, Xi’an,
China.
Construction of expression vector of MG7-Ag mimotope fused
with HBcAg
A pair of PCR primers (P1.1, P1.2) was designed by using
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Primer Premier 5.0 software. Sense primers (P 1.1): 5’TGCCATGGGAAAACCGCACGTTCACACTAAAGGTGGTGGTTCTCTTGGGTGGCTTTGGGGC-3’, contained Nco I
digestion site, ATG and MG7-Ag mimotope. Reverse primer
P1.2: 5’- CCAAGCTTCTAACATTGAGATTCCCG-3’,
contained Hind III digestion site. Plasmid p1.2 II was used
as template. The PCR product was visualized in agarose
electrophoresis and then cloned into pUCm-T vector and
sequenced on ABI PRISMTM 377 sequencer. Then, the PCR
product was subcloned into pYA3341 (asd+) vector from
the pUCm-T vector by restrictive enzyme digestion with
Nco I and Hind III, the recombinant plasmid was named
pYA3341-MG7/HBcAg. The vector was sequenced to
confirm the proper coding sequence.
Construction of oral Salmonella typhimurium vaccine
Recombinant plasmid pYA3341-MG7/HBcAg was
transformed into E.coli X6212 (asd-, NA+, R-M+) by CaCl2
protocol. After being modified in E.coli X6212 (asd-, NA+ ,
R-M+), pYA3341-MG7/HBcAg was extracted and transformed
into S. typhimurium X4550 (asd-, NA+, R+M+) by electroporation
(2.5 kV, 25 F, 200 , pulse time 0.0326 s). Recombinant
plasmid pYA3341-MG7/HBcAg was extracted from S.
typhimurium X4550 and digested with Nco I and Hind III to
confirm the sequence.
SDS-PAGE and Western blot (immunoblot) analysis
Recombinant Salmonella typhimurium X4550 cells were grown
with aeration for 12 h in LB and lysed in 1 mg/L sodium
dodecyl sulfate (SDS) for 5 min at 65 ℃.Protein content
of each sample was estimated by bicinchoninic acid protein
assay, and adjusted to 500 g of protein per mL with water
followed by dilution in 2×loading buffer, and the sample
was placed in boiling water for 3 min. Protein samples
(40 g per lane) were separated by 12% SDS-PAGE and
electrophoretically transferred to nitrocellulose membranes
with a semidry transfer apparatus, and blocked in 5% BSA
in PBS. Anti-MG7 antibody used as primary antibody was
detected with horseradish peroxidase-conjugated goat antimouse secondary antibody and detected using DAB.
Immunization of mice and immune response examination
Thirty 4-wk-old female Balb/c mice weighing 15-20 g were
used in the immunization assay. They were randomly
divided into 3 groups, which were respectively given oral
PBS solution (10 mice, PBS control), attenuated Salmonella
typhimurium X4550 containing empty pYA3341 plasmid
(10 mice in empty group) or the empty pYA3341-MG7/
HBcAg (10 mice in immunization group). Before immunization,
all the mice were fasted overnight and pre-administered
with 100 L 10 g/L NaHCO3 solution. Each time, 100 L
pH7.6 PBS was given to the mice in PBS control group,
and 1×108 Salmonella typhimurium X4550 were given to the
mice in the empty control and immunization groups. PBS
and Salmonella typhimurium X4550 were given to the mice
by orogastric inoculation. Immunization was repeated every
two weeks. At the 6th wk after the first immunization, sera
from the mice were prepared and 1:80 diluted. By coating
KATO III cells expressing MG7-Ag on the plates, cellular
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ELISA was performed to detect the antibody against MG7Ag. At the 8th wk, the splenocyte suspension was prepared,
and 51 Cr release assay[4] was performed to test the cellular
immunity. Briefly, 1×10 6 Ehrlich ascites carcinoma cells
(EAC) were incubated with Na 51CrO 4 (70 Ci) in an
incubator at 37 ℃, 50 mL/L CO2 for 4 h. Then, 1×10 4
cells (100 L) were plated into each well of a 96-well plate,
and 1×104 splenocytes were added. Both cells were incubated
in an incubator at 37 ℃, 50 mL/L CO2 for 4 h. The plates
were harvested, and the killing response of splenocytes was
examined by measuring the  counts of the cells.
Tumor challenge assay
To further investigate the efficacy of the oral S. typhimurium
X4550 vaccine, tumor challenge assay was performed.
Briefly, 1×108 Ehrlich ascites carcinoma cells (EAC) were
injected into the abdominal cavity of the mice (5 mice in
each group). Tumor masses were isolated and weighed and
the survival rate of each group was observed.

RESULTS
Construction of expression vector of MG7-Ag mimotope fused
with HBcAg
By PCR, MG7-Ag mimotope and HBcAg were fused
together and incorporated into a fragment of the pUCm-T
(Figure 1). The proper coding of the epitopes was confirmed
by sequencing. The PCR product was subcloned into
pYA3341. Th Hind III and Nco I digestion, the fragment of the
fused gene were confirmed (Figure 2).
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Figure 1 Incorporation of the MG7 epitope cDNA into HBcAg gene
by PCR. An about 600 bp fragment was obtained (1,2). Lane M: DNA
marker (100-3 000 bp); lanes 1-2: the PCR product.
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Figure 2 Identification of fusion gene vaccine. Lane M: DNA marker
(100-3 000 bp); lanes 1,2: the digestion product.

Meng FP et al. Mimotope of gastric cancer associated antigen

Western blot for the products of pYA3341-MG7/HBcAg in S.
typhimurium X4550
Western blot showed that the expression product of
recombinant plasmid pYA3341-MG7/HBcAg in the X4550
displayed a protein band, with Mr about 22 000, bound
specifically to anti-MG7mAb (Figure 3).
Mr×103
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Tumor challenge experiment
All mice challenged with Ehrlich ascites cells were observed
for tumor growth. Twenty-five days after the cell challenge,
the tumor mass formation was seen in all mice of the three
groups. The average tumor weight in vaccinated group was
markedly smaller than that in two control groups (P<0.05),
there was no significant difference in the tumor weight
between the two control groups (P>0.05,Table 3). Tumor
challenge assay showed that 1 out of 5 immunized mice
had no tumor, and none in the control group was protected.

66.2
43.0
Table 3 Tumor mass weight after tumor cell challenge (n = 5,
mean±SD)
30.0

Group

20.1
14.4
Figure 3 Western blot of the expression product of MG7/HBcAg
fusion gene. Lane M: Protein marker (Mr ); lane 1: X4550 transformed
with empty pYA3341; lanes 2,3: X4550 transformed with pYA3341MG7/HBcAg (after induction of IPTG for 2 and 4 h).

General condition of mice after immunization
Immediately after orogastric inoculation of the vaccine, mice
presented rapid shallow breathing, slow reaction and decreased
activity. After about 5-20 min, the above symptoms improved,
and the mice recovered completely after 2-3 h. No diarrhea
was seen in the mice given Salmonella typhimurium containing
either recombinant pYA3341-MG7/HBcAg or empty
vector, and no mouse in all groups died after immunization.
Immune response induced by the oral vaccine
Six weeks after the first immunization, serum titer of the
antibody against MG7-Ag was significantly increased in the
vaccine-immunized mice, while no significant MG7 antibody
increase was detected in 2 control groups. There was a
significant difference between the vaccine-immunized group
and 2 control groups respectively (P<0.01), while no
difference was detected between the two control groups
(P>0.05, Table 1). The result of 51Cr release assay showed
no statistical difference in the three groups (Table 2),
suggesting that no significant cellular immunity was elicited.
Table 1 Cellular ELISA detection of antibody in the immune serum
(A450, mean±SD)
Group

A450

PBS control
Empty vector control
Vaccination group

0.6531±0.018b
0.6915±0.012d
0.9538±0.04

b

P<0.01, dP<0.01 vs controls (t test).

Table 2

51

Cr release assay (Radiation count, mean±SD)

Group
PBS control
Empty vector control
Vaccination group
b

P<0.01, dP<0.01 vs controls.

Radiation Count (cpm)
183.4±26.0b
195.7±8.0d
234.7±27.7

Tumor weight (g)

PBS control
Empty vector control

0.1016±0.04a
0.0912±0.04c

Vaccination group

0.0530±0.01

a

c

P<0.05, P<0.05 vs vaccination group.

DISCUSSION
Gastric cancer is the leading cause of cancer death in China.
Biotherapy has become a new way for humans to combat
gastric cancer. Carbohydrate antigens are the most abundant
antigens expressed on cancer cell surface and seem to
play a role in cancer etiology and prognosis. Therefore,
carbohydrates are considered as important targets for
immunological and pharmacological intervention. However,
they are typically poorly immunogenic, difficult to be purified
and synthesized in large quantities, and usually result in
mostly short-lived IgM-type antibodies in a vaccinated host
without long-lasting immunity. Additionally, most carbohydrate
antigens are T-cell independent, indicating their inability to
stimulate MHC class II-dependent T-helper cells [4].
Consequently, carbohydrates are not capable of inducing a
sufficient anamnestic or secondary immune response. In
order to overcome these weaknesses, an alternative approach
to the development of carbohydrate-based vaccines is to
use peptide or polypeptide surrogates that could mimic
carbohydrate antigen[5]. Anti-idiotypic antibodies[6,7] and
peptides[8-10] that could mimic tumor-associated carbohydrate
antigens have been described. MG7-Ag of gastric cancer was
discovered by our institute, and its immunogenicity was found
to come from the carbohydrate chain of a glycoprotein. Due
to its unknown identity, MG7-Ag is hard to be isolated from
tumor tissues. In our previous study, we employed phagedisplaying technology to obtain a series of oligopeptides that
could mimic gastric cancer-associated antigen (MG7-Ag).
In order to investigate the immunogenicity of the
mimotope, we constructed a recombinant gene vaccine of
MG7-Ag mimotope fused with HBcAg. The particulate
HBcAg is extremely immunogenic and can function both
as a T-cell-dependent and T-cell-independent antigen.
Immunization with HBcAg could preferentially prime the
Th1-type cellular immune response[11-14]. During chronic
HBV infection, HBcAg is the only antigen known to elicit a
prominent immune response[15]. In addition, HBcAg is an
effective carrier for heterologous peptide epitopes including
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the HBV surface antigen preS1 and could enhance the
immunogenicity of the antigens that it carries[16,17]. While
fusion to the N-terminus requires a linker to become surface
accessible, both fusions to the N-terminus and to the Cterminus were compatible with particle assembly and
preserve the native antigenicity and immunogenicity of
HBcAg. Fusion to an immunodominant internal site of
HBcAg reduces the HBcAg immunogenicity and antigenicity
and most drastically enhance the immunogenicity of the
inserted foreign epitope[18]. In this study, we fused MG7 to
the N-terminus of HBcAg with a linker LGWL.
Attenuated strains of Salmonella typhimurium have been
widely used as vehicles for delivery and expression of
vaccine antigens. Attenuated Salmonella typhimurium strains
expressing antigens from bacteria, viruses and parasites have
been proved efficient as well as safe in combating respective
pathogens[19].The cya crp Salmonella vaccine strains have
been shown to be both avirulent and immunogenic in
mice[20], and introduction of the Asd+ plasmid into the asd
Salmonella mutants could completely restore avirulence. These
mutants express high levels of cloned gene products and
are very stable both in vivo and in vitro, without adverse
effects on the growth of bacteria. When used as an oral
vehicle, they can invade M cells and intestinal epithelial cells
and penetrate the mucosal barrier of the intestine. They
can be uptaken by macrophages and dendritic cells (DC) in
the lamina propria and the Peyer’s patch. Intracellular
bacteria would not undergo lysis in the lysosomes immediately
but survive for a period of time due to unknown reasons.
They could provide a reservoir of antigens, so these features
of Salmonella typhimurium strains make them an excellent
vehicle of oral vaccines.
In our study, serum titer of antibody against MG7-Ag
was significantly higher in mice immunized with the vaccine
than in control groups, but there was no significant and
specific T cell response. Its absence might be due to the
immunogenic type of the primary antigen. However, the
oral attenuated Salmonella typhimurium vaccine developed by
us was shown to be partially protective as demonstrated by
the tumor challenge assay, though no significant difference
was seen in the 51Cr release assay. The inconsistency between
the results of tumor challenge assay and 51 Cr release assay
might be due to the following reasons: One is that the 51Cr
release assay was inaccurate in determining the T cell
response. More accurate methods include ELISPOT and
others. Moreover in our study, we did not isolate the CD8+
T cells while performing the 51Cr release assay. The existence
of other types of cells might affect the results. The other is
that the sample included in the tumor challenge assay was
too small. Much larger samples would be needed to further
confirm the protective effect of the oral attenuated
Salmonella typhimurium vaccine.
In conclusion, the vaccine against MG7-Ag mimotope
is immunogenic and can induce a significant immune response
against gastric cancer and may be partially protective in
mice. Our results have verified the feasibility of developing
an oral Salmonella typhimurium vaccine against the MG7-Ag
mimotopes, its efficacy as well as safety.
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Abstract
AIM: To screen genes differentially expressed in mouse
hepatocarcinoma ascites cell line with high potential of
lymphatic metastasis.
METHODS: A subtracted cDNA library of mouse
hepatocarcinoma cell line with high potential of lymphatic
metastatic Hca-F and its synogenetic cell line Hca-P with
a low metastatic potential was constructed by suppression
subtracted hybridization(SSH) method. The screened
clones of the subtracted library were sequenced and
GeneBank homology search was performed.
RESULTS: Fourteen differentially expressed cDNA
fragments of Hca-F were obtained with two novel genes.
CONCLUSION: SSH is a useful technique to detect
differentially expressed genes and an effective method
to clone novel genes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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elucidating the puzzling process of metastasis, therefore,
more attention should be paid to candidate genes of
metastasis. Hca-F and Hca-P are a pair of synogenetic mouse
hepatocarcinoma ascites cell lines, presenting a specific
potential of lymphogenetic metastasis when inoculated
subcutaneously in 615 mice. Hca-F shows a high metastatic
potential (>80%), while Hca-P a low potential (<30%)[1].
We employed suppression subtracted hybridization (SSH)
technique to identify differentially expressed genes specific for
Hca-F so as to obtain candidate genes of lymphatic metastasis.

MATERIALS AND METHODS
Animals and cell lines
Hca-F and Hca-P were established and maintained by our
laboratory [1], inbred 615-mice were provided by the
Experimental Animal House of our University.
Identification of lymph node metastatic rates of Hca-F and Hca-P
Sixty inbred 615-mice were randomly divided into two
groups. Hca-F and Hca-P tumor cell lines were inoculated
subcutaneously at 2×10 6 tumor cells of approximately
0.1 mL cell suspension into each mouse. They were terminated
on the 28th d post-inoculation, the implanted tumor and its
regional lymph nodes were stained with HE and examined
under a microscope. The lymph node metastatic rates of
Hca-F and Hca-P tumor cells were calculated.
Preparation of total RNA and mRNA
Total RNA was isolated by TRIZOLTM (GIBCOBRL)
and mRNA was extracted according to the protocol of
oligotex mRNA spin column purification kit (Qiagen). The
quantity and integrity of mRNA were detected by an
ultraviolet spectrometer and electrophoresed on a denaturing
formaldehyde agarose stained with EtBr.

http://www.wjgnet.com/1007-9327/11/1837.asp

dscDNA synthesis and digested with Rsa I
Briefly, 2 g aliquots each of poly (A +) mRNA from the
tester and the pooled driver was subjected to dscDNA
synthesis, and purified by passing through Chroma spin400 columns (Clontech, USA). Each purified dscDNA was
digested with Rsa I.

INTRODUCTION
Recently, studies on the mechanism of tumor metastasis have
stepped into a multiple gene age stage. However, metastasis
related genes available nowadays show little capability of

Construction of a subtracted cDNA library by SSH
mRNA of Hca-F served as a tester and mRNA of Hca-P
as a driver. SSH was performed between tester and driver
using a PCR selectTM cDNA subtraction kit and 50×PCR
enzyme kit (Clontech, Heidelberg, Germany) following the
instructions of the manufacturer.
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Ligation to adaptors 1 and 2R
The tester cDNAs were subdivided into two equal groups and
then ligated to adaptors 1 and 2R in separate ligation reactions.
Ligation efficiency analysis was performed by amplifying
ligation products with G3PDH 3’ primer, PCR primer 1
and G3PDH 3’ primer, G3PDH 5’ primer, respectively
and their intensity was compared.
Subtractive hybridization
Subtractive hybridization was performed by annealing excess
driver cDNAs with each sample of adaptor-ligated tester
cDNAs. The cDNAs were heat-denatured and incubated at
68 ℃ for 8 h. After the first hybridization, the two samples
were mixed and hybridized again with freshly heat-denatured
driver cDNAs for 20 h at 68 ℃. Two rounds of hybridization
generated a normalized population of tester-specific cDNAs
with different adaptors on each end. After the ends were
filled, two rounds of PCR amplification were performed
to enrich desired cDNAs containing both adaptors by
exponential amplification of these products[2]. The optimized
cycles for the first and second PCR were 27 and 13
respectively to increase representations and to reduce the
redundancy of subtracted cDNA libraries.
Analysis of subtractive efficiency
Secondary PCR products were used as templates for PCR
amplification of human G3PDH at 18, 23, 28 and 33 cycles
to assure the subtraction efficiency. PCR products were
run on an 1.8% agarose gel.
Ligating the subtracted library into a TA vector
Products of the secondary PCR reactions were cloned into
a pT Adv vector (CLONTECH) and the resultant ligation
products were then transformed into DH5  E. coli
competent cells. The bacteria were subsequently grown in
800 L of liquid Luria-Bertani medium and incubated
for 45 min at 37 ℃ with shaking at 150 r/min. Thereafter,
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the cells were plated onto agar plates containing ampicillin
(50 g/mL), 5-bromo-4-chloro-3-indoly-b-D-galactoside
(x-gal; 20 g/cm 2) and iso-ploprl-b-D-thiogalactoside
(IPTG; 12.1 g/cm 2), incubated overnight at 37 ℃.
Individual recombinant white clones were picked and grown
in a single line pattern onto Luria-Bertani agar solid medium
containing ampicillin and incubated at 37 ℃ for 6-7 h before
single clones were picked from the single-line pattern agar
medium and grown in Luria-Bertani liquid medium containing
ampicillin overnight at 37 ℃ with shaking at 150 r/min.
Identifying the subtracted clones
Plasmids of candidate positive clones from subtracted
cDNA library were isolated and amplified by PCR with
nested primer 1 and primer 2. Meanwhile the products of
PCR were detected by agarose gel electrophoresis.
Sequencing and BLAST homology search
Fourteen positive clones from the subtracted cDNA library
were sequenced by T7/SP6 chain termination reaction in
TaKaRa (Dalian, China). Nucleic acid homology searches
were subsequently performed at the National Center of
Biotechnology Information (National Institutes of Health,
Bethesda, Md., NCBI).

RESULTS
Identification of lymph node metastatic rates of Hca-F and
Hca-P
The implanted tumors both in Hca-F tumor-bearing mice
and in Hca-P tumor-bearing mice were palpable on the 7th d
post-inoculation.On the 28th d post-inoculation, 80% of HcaF cell burden mice developed metastatic regional lymph node
(24/30),while 10% of Hca-P cell burden mice developed
metastatic regional lymph node (3/30). Figure 1A shows
the implanted tumor of Hca-F cells and Hca-P cells and
Figure 1B shows their regional lymph nodes.

A1

A2

B1

B2

Figure 1 Lymph node metastatic rates of Hca-F and Hca-P. A: Implanted tumor of Hca-F cells and Hca-P cells. H.E. ×400. (1) Implanted tumor
of Hca-F cells. (2) Implanted tumor of Hca-P cells; B: Regional lymph node of implanted tumor of Hca-F cells and Hca-P cells. H.E. ×400. (1)
Regional lymph node of implanted tumor of Hca-F cells. (2) Regional lymph node of implanted tumor of Hca-P cells.
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Total RNA and mRNA analysis
The RNA samples electrophoresed on 1% agarose/EtBr gels
exhibited 2 typical bands, corresponding to ribosomal 28 s
and 18 s RNA, respectively, with a ratio of intensities >2:1
and an ideal 260/28 ratio of 1.9, indicating a high integrity
and purity of the total RNA was obtained (Figure 2A).
mRNA samples appeared as a smear with a weak
ribosomal RNA band, showing a high-quality mRNA was
purified (Figure 2B).

A
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B
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Figure 4 Ligation efficiency analysis. Lane 1: Tester-1 as template,
G3PDH3 “primer and PCR primer1; lane 2: Tester-1 as template,
G3PDH3 “primer and G3PDH5 “primer; lane 3: Tester-2R as template,
G3PDH3 “primer and PCR primer1; lane 4: Tester-1 as template,
G3PDH3 “primer and G3PDH5 “primer.

Construction of a subtracted cDNA library by SSH
PCR products of the subtracted and unsubtracted cDNA
library usually looked like smears with or without discrete bands.
However, the patterns among them were different (Figure 5).

M 6 5 4 3 2 1
Figure 2 High integrity and purity of total RNA. A: Total RNA of
Hca-F and Hca-P cells. Lane 1: RNA from Hca-F cells; lane 2: RNA
from Hca-P cells; M: DNA marker DL2000; B: mRNA of Hca-F and
Hca-P cells. Lane 1: mRNA from Hca-F cells; lane 2: mRNA from HcaP cells; M: DNA marker DL2000.

Rsa I digestion
Both the digested cDNA and undigested cDNA usually
looked like smears. However, the patterns among them were
different, the digested cDNA fragments became short after
Rsa I digestion (Figure 3).

M

4 3 2 1

Figure 5 Results of secondary PCR amplification. Lanes 1-3: Product of primary PCR amplification; lane 4: secondary PCR amplification product of PCR control cDNA; lane 5: secondary PCR amplification product of unsubtracted cDNA; lane 6: secondary PCR amplification product of subtracted cDNA, M: DNA Marker DL2000.

Analysis of subtraction efficiency
Subtraction efficiency analysis showed the effectively reduced
abundance of non-differentially expressed genes. In unsubtracted
cDNA library, housekeeping gene G3PDH PCR products
were visible after 23 cycles of amplification and became
saturated after 23-28 cycles. However, subtracted library
required 33 cycles for G3PDH to be detected (Figure 6).

M 8 7 6 5 4 3 2 1

Figure 3 Effect of Rsa I digestion. Lanes 1, 3: cDNA of Hca-F and
Hca-P cells; lane 2, 4cDNA of Hca-F and Hca-P cells after Rsa I
digestion; M: DNA Marker DL2000.

Ligation efficiency analysis
The intensity of PCR products amplified using one genespecific primer (G3PDH 3’ primer) and PCR primer 1 was
25%, higher than that of PCR products amplified using
two gene-specific primer (G3PDH 3’ primer and 5’ primer).
The ligation efficiency was higher than 25%, ensuring the
tester CDNA in the following hybridization (Figure 4).

Figure 6 Analysis of subtration effect. PCR was performed on
subtracted (lanes 1-4) or unsubtracted (lanes 5-8) secondary PCR
products with G3PDH 5’ primer and 3’ primer. Lanes 1, 5: 20 cycles;
Lanes 2, 6: 25 cycles; Lanes 3, 7: 30 cycles; Lanes 4, 8: 35 cycles; M:
DNA marker DL2000.
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Differential screening of subtracted cDNA libraries
The subtracted cDNA library was composed of 995 positive
clones, of which 200 clones were randomly picked up and
plasmids of the candidate positive clones were isolated and
amplified by PCR with nested primer 1 and primer 2. As a
result, 189 positive clones showed PCR products with a length
of 300-1 200 bp (Figure 7).
1 2 3

4 5 6

7

M

8 9 10 11 12 13 14

Figure 7 Results of clone PCR amplication. There was an average
insert size of 0.3-0.7 kb.

Sequencing and homology search
Fourteen randomly selected clones were sequenced and
homology search (http://www.ncbi.hlm.nih.gov/BLAST/)
revealed 8 known genes and 3 expressed sequence tags
(ESTs). Two cDNAs showed no homology and presumably
represented novel genes (Table 1).

Table 1 Homologue searching of the sequenced cDNA fragments
from SSH library
Clone

Size (bp)

Sequence identity

1-6

403

10-3

508

Mus musculus VEGF-C
Mus musculus VEGF-C

6-5

393

Mus musculus ezrin

22-2

508

Mus musculus heat shock protein,
84 ku 1 (Hsp84-1)

2-2

385

Mus musculus ribosomal

16-1

274

Mus musculus ribosomal

20-8

481

Mus musculus ribosomal protein,

11-7

363

8 cells embryo Mus musculus cDNA

40-5

469

3 cells embryo Mus musculus cDNA

1-8

200

EST-mouse

4-5

405

EST-mouse

80-3

465

EST-mouse

1-7

238

Unknown

15-6

277

Unknown

protein S13 (Rps13)

protein L10A (Rpl10a)

large P2 (Rplp2)

clone E860014C20

clone E620531C3

DISCUSSION
As we know, mutual reaction of products of metastasis
related genes could lead to tumor metastasis, therefore,
elucidation of the gene expression profiles specific for tumor
cells with high potential of metastasis might help search for
molecular mechanisms of metastasis development. As one
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of the high throughput screening techniques, SSH
technique is characterized by two distinct advantages. It
boasts a high subtraction efficiency and harbors an equal
representation of differentially expressed sequences
which can separate effectively both high and low copy
expressed genes mainly because of its normalization[2].
von Stein et al [3] found about 94% positive rate in their
research, so they considered that confirmation of
differential expression by Northern blot analysis for each
clone was probably unnecessary.
A large number of studies have emphasized the
angiogenesis of tumors, but the roles of lymphatic vessels
in tumor growth and metastasis are neglected. However, it
is well known that lymphatic metastasis is mainly responsible
for the spread of epithelial malignant tumors, and its
metastasis degree is closely related to the prognosis of
patients.
Hca-F and Hca-P are a pair of synogenetic mouse
hepatocarcinoma ascites cell lines, presenting a specific
potential of lymphatic metastasis with a significant difference
in their potential of metastasis[1]. Candidate genes involved
in lymphatic metastasis could be obtained among
differentially expressed genes.
With Hca-F as a tester and Hca-P as a driver, we used
SSH technique to identify differentially expressed genes
specific for Hca-F (high metastatic potential) so as to obtain
candidate genes of lymphatic metastasis. As a result, 13
sequenced clones revealed 8 known genes and 3 expressed
sequence tags (ESTs), 2 cDNA fragments showed no
homology and presumably represented novel genes. Of the
8 known genes, VEGF-C demonstrated 2 copies. Recent
studies showed that, the binding of VEGF-C to its special
receptor FLT-4 on endothelial cells of stromal lymphatic
vessels, could activate MAPK via intracellular kinase reaction,
which could promote intratumoral lymphangiogenesis,
regulate per meability of lymphatic vessels [4-9] and
contribute to lymphatic metastasis[10,11]. The expression of
VEGF-C in breast cancer cells could increase intratumoral
lymphangiogenesis, resulting in significantly enhanced
metastasis to regional lymph nodes, and the degree of tumor
lymphangiogenesis is highly correlated with the extent of
lymph node metastasis[12]. In colorectal cancer and gastric
carcinoma, high expression of VEGF-C is significantly
correlated with lymphatic invasion and lymph node
metastasis[13,14,]. As a membrane-cytoskeleton linker, ezrin
protein is involved in the formation of microvilli and
intercellular junctions, as well as the cell motility and invasive
behavior of malignant tumors[15-19] and conveys invasive
phenotypes to malignant tumors[20,21]. Early studies showed
that HSP was well related to metastatic potential of human
esophageal squamous cell carcinoma[22], gastric carcinomas[23,24]
and mice pancreatic carcinoma. The high level expression
of HSP27 in human hepatocarcinoma is significantly
associated with tumor progression, indicating that SSH
capable of enriching metastasis related genes. Barnard et al[25]
identified a cDNA clone encoding human acidic ribosomal
phosphoprotein (P0) overexpressed in hepatocellular
carcinoma and found that the increased P0 expression, in
line with certain other ribosomal proteins, might be associated
with human colorectal cancer progression. Denis et al[26] and
Chadeneau et al[27] screened S13 ribosomal protein between
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2 rat colon-carcinoma cell lines differing in their biological
aggressiveness, which suggests that the S13 ribosomalprotein gene can be used to evaluate the growth rate of
tumor cells. Kondoh et al[28] proved that high expression of
S19 and LBP and low expression of HLA-I were well
correlated with colon carcinoma cells with a higher malignant
potential. The mechanism of up-regulated expression of
ribosomal protein gene remains uncertain. In the process
of tumor metastasis, synthesis of functional protein is highly
activitated, enhancement of some ribosomal proteins is a
prerequisite for activation of protein synthesis [30] .
Continuous protein synthesis is required to maintain the
entry of tumor cells into S phase and the initiation of DNA
synthesis[29-31]. The data from different laboratories show
that up-regulated expression of ribosomal protein genes
during metastasis is not a casual incident and our study
first established a correlation between ribosomal protein
genes and metastasis of hepatocarcinoma. Another 2 clones
showed high homology with clone E860014C20 of Mus
musculus 8 cells embryo cDNA library and clone
E620531C3 of Mus musculus 3 cells embryo cDNA
library, respectively. Embryo genes AFP and CEA
overexpressed in hepatocarcinoma and colon carcinoma
indicate a possible association between embryo and tumor.
The role of up-regulated expression of embryo genes in
tumor metastasis needs further study. Still 2 cDNA
fragments demonstrated homology with 2 EST-mouse and
2 cDNA fragments showed no homology and presumably
represented novel genes[32].
In conclusion, lymphatic invasiveness of tumor cells is
determined by multiple genes and co-factors with complicated
cellular signal pathways. Further functional study of the
candidate novel genes is needed to clarify the molecular
mechanism of tumor metastasis.
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Abstract
AIM: Previous studies suggest that loss of bone mineral
density (BMD) frequently occurs in patients with chronic
viral liver disease, presenting with histologically proven
liver cirrhosis. However, little is known about the occurrence
of bone disease in non-cirrhotic patients with chronic
hepatitis B or C. Therefore, it was the aim of this study to
evaluate this particular population for BMD and bone
turnover markers.
METHODS: Biochemical markers of bone turnover and
BMD were measured in 43 consecutive patients with HCV
(n = 30) or HBV (n = 13) infection without histological
evidence for liver cirrhosis. Mean age was 49 years
(range 26-77 years). BMD was measured by dual X-ray
absorptiometry in the femoral neck (FN) and the lumbar
spine (LS) region. In addition, bone metabolism markers
were measured.
RESULTS: BMD was lowered in 25 (58%) of the patients
with chronic hepatitis B or C (FN: 0.76 (0.53-0.99); LS:
0.96 (0.62-1.23) g/cm²). Eight (32%) osteopenic patients
were diagnosed with osteoporosis. Bone-specific alkaline
phosphatase (P = 0.005) and intact parathyroid hormone
(iPTH) (P = 0.001) were significantly elevated in the more
advanced stages of fibrosis. Mean T-score value was lower
in patients with chronic hepatitis C as compared to patients
suffering from chronic hepatitis B; however, the difference
was not statistically significant (P = 0.09).
CONCLUSION: There was a significantly reduced BMD
in non-cirrhotic patients with chronic hepatitis B or C
infection. Alterations of bone metabolism already occurred
in advanced liver fibrosis without cirrhosis. According to
our results, these secondary effects of chronic viral
hepatitis should be further investigated.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Bone manifestations are well-known extrahepatic
complications of chronic liver disease[1,2]. Reduced bone
formation and low bone turnover are the likely factors
contributing to the increased rate of bone loss observed in
chronic liver disease[3-5]. The prevalence of osteoporosis
among patients with chronic liver diseases ranges from 10%
to 60%[3,4,6,7], the highest being observed in cholestatic liver
disease and alcoholic liver disease. A recent study revealed
that the prevalence of osteoporosis in patients with cirrhosis
secondary to hepatitis B or C was nearly 50%[8]. A reduction
in bone mineral density (BMD) leads to increased bone
fragility, with osteopenia and osteoporosis leading to a twofold and four- to five-fold increased risk for fracture,
respectively[9,10].
Although, in general many risk factors can be identified
for the pathogenesis of osteoporosis, other factors related
to the specific gastrointestinal pathology in various liver
disorders are still unknown. In particular, chronic cholestasis
in patients with primary biliary cirrhosis[11,12], corticosteroid
use[3,13], smoking[14], physical inactivity[15], alcohol abuse[16],
malnutrition, and vitamin D deficiency [17,18] have been
assumed as additional contributing factors for the deterioration
of bone metabolism in chronic liver disease. However, the
results of studies investigating the relative impact of these
factors have not been consistent.
Only a few studies on bone formation have been
performed in patients suffering from chronic hepatitis B
(HBV), C (HCV), or D virus infection[8,19]. Some studies
showed that cirrhotic patients with viral hepatitis display a
prevalence of osteoporosis up to 53% [8] . In addition,
combination therapy with interferon (IFN) and ribavirin
for chronic hepatitis C[20] may affect bone turnover. Most
studies of bone disease were performed in patients with
cirrhosis. Nevertheless, little is known about the occurrence
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of bone disease in non-cirrhotic patients with chronic
hepatitis B or C.
Therefore, in the present study we evaluated the BMD
and biochemical bone turnover markers in non-cirrhotic
patients with chronic hepatitis B or C infection.

MATERIALS AND METHODS
Patients
Forty-three consecutive patients of our outpatient department
with chronic HBV or HCV infection participated in this
study. The group consisted of 12 men and 31 women with
a median age of 49 years (range 26-77 years).
All patients had positive serological markers and a
positive polymerase chain reaction (PCR) for HBV or HCV
infection for more than 6 mo (13 infections were HBV and
30 HCV related).
The relevant demographic- and disease-related data at
the time of enrollment are listed in Table 1. Cirrhotic patients
were excluded, with cirrhosis detected by a liver biopsy within
6 mo prior to study entry, abdominal ultrasonography, and
laboratory findings (Table 2). All liver biopsy specimens were
analyzed according to the Knodell Histologic Activity Index
(HAI) which classifies the inflammatory activity with a
grading score from 0 to 18 and fibrosis progression with a
staging score from 0 to 4[21].
Data about body weight and height, smoking habits,
previous and present physical activity, menstrual status,
number of pregnancies, and amount of coffee intake were
obtained from a self-administered questionnaire and by
extensive review of the patients’ charts.
None of the patients had a family history of osteoporosis,
nor did they receive calcium, vitamin D, corticosteroids, or
any medication related to mineral metabolism. None of
the 30 women had ever received hormone replacement
therapy. All patients signed informed consent and the
protocol was approved by the local human ethics committee.
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Bone mineral density measurements
Bone mineral/mass density (BMD in g/cm²) was assessed
in all patients at the lumbar spine (LS; L1-L4) and femoral
neck (FN) region using dual X-ray absorptiometry (DEXA)
(Hologic QDR-1500, S/N 1535, Waltham, MA). The
coefficient of variation for the BMD was 0.5%, both at
the FN and LS region. Long-term stability of the instrument
was assured by a daily scan of a spine phantom of known
composition. All scans were carried out on the same
machine by the same operator and were analyzed with the
same software. The results of the patients’ BMD measurements
were compared with mean BMDs from age- and sex-matched
controls from a large population database (Hologic) and
expressed as standard deviation of the mean (Z-score) to
avoid bias of age and sex. These reference data provided
by the manufacturer have a good concordance with data
derived from a previously described German control
population[22] . Furthermore, osteopenia and osteoporosis
were defined as BMD measurements between 1 and 2.5
(-2.5≤T≤1) and more than 2.5 (T≤-2.5) standard deviations
below the mean bone density for young adults, respectively,
consistent with the World Health Organization criteria[23].
Care was taken not to measure collapsed lumbar vertebrae
to avoid false BMD readings. Radiographs and bone scans
were not routinely performed to look for asymptomatic bone
fractures.
Biochemical measurements
Blood was drawn in the morning after overnight fasting.
Serum was analyzed for calcium (Ca) (normal range 2.02-2.60
mmol/L s), ionized calcium (iCa) (normal range 1.12-1.23
mmol/L s), phosphate (normal range 0.89-1.45 mmol/L s),
alkaline phosphatase (AlkPhos) (normal range 1.5-4.3 µmol/L s),
bone-specific alkaline phosphatase (BALP) (normal range
<2.5 µmol/L s), intact parathyroid hormone (iPTH) (normal
range 1.06-6.89 pmol/L), 25-hydroxycholecalciferol [25
(OH)D3] (normal range 10-68 pg/mL) and 1,25-dihydroxy-

Table 1 Baseline characteristics and biochemical markers in noncirrhotic hepatitis B or C patients

Table 2 Characteristics of bone metabolism in patients with chronic
viral liver disease

Parameter

Parameter

All patients
(n = 43)

Age (yr)

49 (26–77)
2

BMI (kg/m )

Hepatitis B
(n = 13)
49 (27–67)

Hepatitis C
(n = 30)
49 (26–77)

23.32 (18.42–32.45) 23.33 (19.44–30.35) 23.32 (18.42–32.45)

Males, n (%)

12 (28)

6 (46)

6 (20)

8 (19)

2 (15)

6 (20)

Osteopenia (%)

25 (58)

7 (54)

18 (60)

Smoking, n (%)

6 (14)

Osteoporosis (%)

Diagnosis, n (%)
HBV-DNA (log copies/mL)

4 (31)

2 (7)

13 (30)

30 (70)

5.46 (1.00–5.93)

Hepatitis C
(n = 30)

2.95 (1.32–10.87)

2.39 (1.96–6.67)

2.98 (1.32–10.87)

1.69 (0.76–3.89)

1.52 (0.76–2.94)

1.51 (0.76–3.89)

2.59 (1.35–5.96)

2.69 (1.45–5.38)

(µmol/L s)
BALP
(µmol/L s)
iPTH (pmol/L)

2.57 (1.35–5.96)

25 (OH)D3

27.4 (11.9–65.7)

27.40 (15.40–60.20) 28.05 (11.90–65.70)

38.7 (10.0–86.8)

41.40 (21.50–60.7)

38.20 (10.00–86.80)

1.08 (0.57–1.43)

0.95 (0.57–1.15)

1.09 (0.67–1.43)

(pg/mL)
1,25 (OH)2D3
Phosphate
(µmol/L)

1

Staging

Low grade 1–2 32 (82)

9 (82)

23 (82)

High grade 3–4

2 (18)

5 (18)

7 (18)

Ca (mmol/L)

2.43 (2.17–2.58)

2.44 (2.22–2.58)

2.39 (2.17–2.57)

iCa (mmol/L)

1.23 (0.99–1.34)

1.22 (1.12–1.29)

1.25 (0.99–1.34)

PD/UCr

58.0 (30.0–235.0)

59.0 (30.0–102.0)

57.00 (34.00–235.00)

13.3 (6.3–50.5)

10.6 (6.3–26.7)

13.85 (6.4–50.5)

ALT (µmol/L s) 0.70 (0.14–1.58)

0.55 (0.44–1.39)

0.74 (0.14–1.58)

(pmol/µmoL)

Albumin (g/L)

41.8 (39.8–46.8)

42.1 (38.7–45.5)

DPD/UCr

1

Hepatitis B
(n = 13)

(pg/mL)

2.46 (1.00–7.70)

HCV-RNA (log IU/mL)

AlkPhos

All patients
(n = 43)

42.2 (38.7–46.8)

Four patients had no biopsy in the last 2 yr.

(pmol/µmoL)
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cholecalciferol [1,25(OH2)D3] level (normal range 20.2-46.2
pg/mL), alanine amino transferase (ALT) (normal range
<0.67 µmol/L s), albumin (normal range 37-53 g/L), and
prothrombin time activity (PT) (normal range >70%).
Creatinine (UCr), pyridinoline (PD) and desoxypyridinolinecrosslinks (DPD) were measured from the second morning
urine or from 24-h collection specimens using standardized
commercial assays. Urinary excretion was expressed as the
ratio of PD and DPD to creatinine (normal range PD/
UCr 40-100 pmol/µmoL; DPD/UCr 8-45 pmol/µmoL).
Hepatitis markers
Serum samples were stored at -30 ℃ until testing. Hepatitis
B surface antigen (HBsAg), antibodies against hepatitis B
surface antigen (anti-HBs) and hepatitis B core antigen (antiHBc), and antibodies against hepatitis C virus (anti-HCV)
were tested with commercial enzyme immunoassays (Abbott
Diagnostics, Wiesbaden, Germany). HBV-DNA and HCVRNA were measured by quantitative PCR (Abbott Diagnostics).
Statistical analysis
Data were summarized by median and range for continuous
variables and frequency counts for categorical variables.
Differences between groups were assessed using Fisher’s
exact test for binary variables, the Mann-Whitney U test
and the Kruskal-Wallis test for continuous variables. A Pvalue of <0.05 was considered statistically significant.

L1-L4 (BMD; g/cm2)

RESULTS
Baseline data and BMD
The demographic- and disease-related data at the time of
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0

1

2
3
Staging

4

Figure 1 Diminished bone density in histologically proven advanced liver disease.
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enrollment are listed in Tables 1 and 2. Median raw BMD
values were 0.96 (0.62-1.23) for the LS and 0.76 (0.53-0.99)
for the FN region, respectively. BMDs at all sites correlated
with another (r = 0.78). The mean T scores were -1.04
(-4.13-1.26) at the LS and -1.52 (-3.65-0.32) at the FN
region. At the time of enrollment 23 of 43 (51%) of the
patients had evidence of osteopenia of the spine and femur.
Osteoporosis of the spine was present in 3 of 43 (7%) of
the patients, and 8 of 43 (19%) had osteoporosis of the
FN.
When patients were classified according to the histological
staging system, the BMD was lower in the more advanced
stages of liver disease (P = 0.027) (Figure 1). In addition, we
found a statistically significant difference between low (staging
0-2) and high (staging 3-4) stages of fibrosis (P = 0.025).
Compared to an age-matched population (Z-score) we found
a moderately decreased bone mass at the LS and FN region
(pooled Z-score = -0.23), and median BMD was lower in
patients with more advanced fibrosis (low stage -0.09 vs
high stage -1.09) (Figure 2). Median values of BMD of
FN and LS region did not differ between sexes (P = 0.57
and 0.78). None of the patients reported a past history or
symptoms of bone fracture at the time of enrollment. BMD
and T-scores were lower in patients with chronic hepatitis C
than in patients with chronic hepatitis B, although this was
not statistically significant (Figure 3).
Biochemical and hepatitis markers
As expected, the biochemical parameters of liver function
did not differ significantly between chronic hepatitis B and
C patients (Table 1) and were not related to sex or presence
of osteoporosis. In all patients, phosphate, serum ionized
calcium, iPTH, 1,25(OH2)D3, and 25(OH)D 3 were in the
normal range (Tables 1 and 2).
However, BALP (P = 0.005) and iPTH (P = 0.001) were
significantly elevated in the more advanced stages of fibrosis
(Figures 4, 5). There was no significant difference between
the different fibrosis stage groups in terms of serum ionized
calcium, 1,25(OH2)D3, 25(OH)D3, DP, or DPD excretion.
The correlation between the parameters of hepatic
function and calcium-iPTH axis is shown in Tables 3 and 4.
iPTH did not correlate with total or ionized calcium,
creatinine, 1,25(OH2)D3 but with BMD (P = 0.02). We
found no group difference in terms of serological hepatitis
markers, viral load, or presence of osteoporosis.
1.3
L1-L4 (BMD; g/cm2)

3
L1-L4 (Z-score)

2
1
0
-1
-2
-3

1.2
1.1
1.0
0.9
0.8
0.7
0.6

-4
Low (stage 0-2) High (stage 3-4)
Staging
Figure 2 Reduced median Z-score in patients with higher staging
in liver biopsy.

0.5
Hepatitis C

Hepatitis B

Diagnosis
Figure 3 BMD in patients with chronic hepatitis B or C at LS.
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Table 3 Correlation of liver histology (staging) with bone markers
in patients with chronic hepatitis B or C

4.5
4.0
BALP (mol/L s)

March 28, 2005

3.5

Parameter

3.0

iPTH

2.5

25 (OH)D3

2.0

1,25 (OH)2D3

1.5

r

P

0.523

0.001

–0.025

0.878

0.006

0.973

1.0

Phosphate

–0.033

0.841

0.5

iCa

–0.215

0.188

0.469

0.001

0

1

2
3
Staging

4

BALP

Figure 4 Increased BALP in advanced non-cirrhotic liver disease.
Table 4 Correlation of BMD femoral neck with bone markers and
vitamin D in patients with chronic viral hepatitis
Parameter

7

iPTH

iPTH (pmol/L)

6

r

P

0.325

0.02

0.282

0.067

1,25 (OH)2D3

–0.071

0.649

4

Phosphate

–0.204

0.057

3

iCa

0.022

0.888

2

BALP

–0.082

0.599

25 (OH)D3

5

1
0

1

2
3
Staging

4

Figure 5 iPTH in patients with chronic viral hepatitis and different
histological staging.

DISCUSSION
Osteoporosis is a frequent complication of end-stage liver
disease, irrespective of the etiology. The prevalence varies
between 9% and 60%, the highest being observed in
cholestatic disorders and alcoholic liver disease[4,6,7,16,24] .
Cirrhotic patients show reduced osteoid thickness, osteoblast
surface, and bone formation rate[25].
Our study of 43 patients reveals a high prevalence of
osteopenia and osteoporosis in patients with non-cirrhotic
viral hepatitis. In the present study, we provide data on
changes in the calcium-BALP-iPTH axis and their clinical
significance in a cohort of patients with non-cirrhotic
chronic hepatitis B or C. Marked alteration of iPTH and
BALP levels was detected in histologically proven more
advanced disease, mainly reflecting the severity of fibrosis.
Elevation of iPTH serum levels correlated with an increase
of BALP. We show in our study that progressive increase
of iPTH occurs in more advanced disease stages. Similar
results were reported in previous studies of cirrhotic patients
prior to orthotopic liver transplantation[13,26]. They found a
high level of PTH and its degradation products, especially
in PBC patients[13]. After liver transplantation, iPTH levels
dropped significantly in the cholestatic liver disease group
but not in the hepatitis group[13,27]. PTH is transmogrified
by the liver into biologically active forms, and the detection
of these active metabolites is crucial[28] . The present data
sug gest that elevated iPTH levels may be partially
responsible for shifting the balance in bone metabolism
towards bone resorption, even in younger patients with

chronic hepatitis. As suggested by Duarte et al[18], the reduced
clearance capacity for PTH metabolites in the liver may
cause the elevation in advanced liver disease. We found a
significant inverse correlation between iPTH levels and
BMD at the FN region (Table 4). Clinically, the differentiation
between spine and femur osteopenia or osteoporosis is not
critical, as the presence of either is treated similarly. However,
it should be noted that non-liver-specific factors are probably
more relevant in bone turnover.
Besides markers of bone formation (i.e., BALP),
objective resorption markers (i.e., urine pyridinoline) were
also measured in this study of non-cirrhotic viral hepatitis
patients. Fasting urinary/creatine ratio of the collagencrosslinks (particularly desoxypyridinoline) has been shown
to be the most specific currently available biochemical
marker of bone resorption[29,30]. However, neither PD/UCr
nor DPD/UCr ratio was significantly elevated in our
patients, which might suggest that these patients do not
exhibit increase of bone resorption. But the excretion of
PD/UCr and DPD/UCr tended to be at the upper limit of
normal, and the observed lack of a significant difference
may reflect the relatively small number of patients studied.
There was no inverse correlation between these variables
and bone density. In patients with viral chronic hepatitis
and osteodystrophy, increased levels of urinary PD and
DPD were found[31], which inversely correlated with BMD,
suggesting increased osteolysis. In addition, patients with
viral cirrhosis showed elevated DPD values[8] . Similarly,
urinary hydroxyproline excretion is also often used as an
indirect measure of bone matrix resorption[30,32]. In patients
with alcohol-related liver disease mean urinary excretion of
hydroxyproline was abnormally high. The increase in urinary
hydroxyproline was probably caused by active hepatic
fibrogenesis and collagen remodeling in the sick liver, which
could explain the observed changes in our patients.

Schiefke I et al. Bone mineral density in viral hepatitis

In conclusion, this study describes for the first time an
association between non-cirrhotic viral hepatitis and
osteopenia/osteoporosis. Non-cirrhotic chronic hepatitis B
or C patients showed alterations in calciotropic hormones
and bone metabolism leading to a decreased BMD.
Therefore, further studies with the aim to identify biochemical
markers to characterize particular metabolic changes are
warranted and required to confirm this association. Our
data suggest that an iPTH increase results in a BALP
increase without further evidence of a high-turnover bone
loss. Larger studies with frequently repeated clinical
measurements or more sensitive biochemical or laboratory
measures of disease activity, performed over a course of
many months or years, may be necessary to determine the
precise contribution of disease stage on BMD. Patients
should be considered for routine bone densitometric assessment
and, if necessary, anti-osteoporotic therapy.
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Abstract
AIM: Although an association between hepatic steatosis and
vascular risk factors has been described, direct relationships
between fatty liver and atherosclerosis have not yet been
investigated. The aim of the present study has been to
investigate those relationships.
METHODS: The Study of Health in Pomerania examined
a random population sample aged between 20 and 79 years.
A study population of 4 222 subjects without hepatitis B
and C infections and without liver cirrhosis was available
for the present analysis. Hepatic steatosis was defined
sonographically and intima-media thickness (IMT) as well
as plaque prevalence were estimated by carotid ultrasound.
RESULTS: The prevalence rate of hepatic steatosis was
29.9%. Among subjects aged ≥45 years, an association
between hepatic steatosis and IMT of the carotid arteries
was found in bivariate analysis, but not after adjustment
for atherosclerotic risk factors. Individuals with fatty liver
had more often carotid plaques than persons without fatty
liver (plaque prevalence rate 76.8% vs 66.6%; P<0.001).
This association persisted after adjustment for confounding
factors and was predominantly present in subjects with
no to mild alcohol consumption.
CONCLUSION: There is an independent association
between hepatic steatosis and carotid atherosclerotic
plaques. Metabolic changes due to nonalcoholic fatty liver

disease may explain this relationship.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fatty liver is a common clinical and histological finding. If
there is no co-existing liver disorder such as alcoholic hepatitis
or steatohepatitis, further local organ damage does not
occur[1,2]. Hepatic steatosis is usually diagnosed by ultrasound
with high diagnostic quality. In comparison to histology,
liver sonography has been shown to have an 89% diagnostic
sensitivity and 93% diagnostic specificity[3].
Fatty liver is associated with several atherosclerotic risk
factors such as hypertension, diabetes and dyslipidemia[4,5].
It has also been related to insulin resistance[6-8]. This association was found in NIDDM patients[6] as well as in nondiabetic subjects[7,8]. Although an association between hepatic
steatosis and atherosclerotic risk factors has been described,
possible direct relationships between hepatic steatosis and
atherosclerosis remain to be investigated. The intima-media
thickness (IMT) of the carotid artery can be measured noninvasively by ultrasound techniques. An increased IMT has
been shown to be a risk factor for myocardial infarction
and stroke[9-12]. Furthermore, carotid ultrasound is an accurate
diagnostic tool for detecting atherosclerotic plaques and
for assessing the degree of luminal narrowing caused by
atherosclerotic changes of the vessel wall[13].
The aim of the present study was to investigate associations
between hepatic steatosis and the risk of atherosclerosis by
analyzing a sample of randomly selected individuals.
MATERIALS AND METHODS
Study population
The Study of Health in Pomerania (SHIP) is a cross-sectional
survey in West Pomerania, the north-eastern area of
Germany[14]. A random sample from the population aged
between 20 and 79 years was drawn. The sample was
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selected using population registries. Only individuals with
German citizenship and main residency in the study area
were included. Finally, 7 008 subjects were sampled. The
net sample (without migrated or deceased persons) comprised
6 267 eligible subjects. The SHIP population comprised
4 310 participants (68.8% of eligible subjects). Data were
collected between October 1997 and May 2001. All participants
gave infor med written consent. The study protocol
conformed to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in an a priori approval by the local
ethics committee.
Of 4 310 SHIP participants, 3 refused liver ultrasound
examination, 46 had an uncertain diagnosis of hepatic
steatosis, 15 tested positive for HBsAg, 21 tested positive
for anti-HCV and 8 had a known history of liver cirrhosis.
In all, 88 participants were excluded from further analysis.
This resulted in a study population of 4 222 individuals
(2 070 men and 2 152 women) who were available for the
present analysis.
Measurements
Sociodemographic characteristics and medical histories were
assessed by computer-aided face-to-face interviews. Alcohol
drinking habits were evaluated as beverage-specific alcohol
consumption (beer, wine, distilled spirits) on the last weekend
and last weekday preceding the examination, and the mean
daily alcohol consumption was calculated using beveragespecific pure ethanol volume proportions[15]. Participants were
divided into four categories with respect to the mean daily
alcohol consumption: (1) none, (2) mild (<20 g alcohol/d),
(3) moderate (20-30 g alcohol/d in women, 20-60 g alcohol/d
in men), (4) heavy (>30 g alcohol/d in women, >60 g
alcohol/d in men). Height and weight were measured for
the calculation of the body mass index (BMI = weight [kg]/
height² [m²]). Overweight was defined as a BMI ≥25 kg/m².
Systolic and diastolic blood pressure was measured and
hypertension was defined as an average systolic blood
pressure ≥140 mmHg, an average diastolic blood pressure
≥90 mmHg, or self-reported use of antihypertensive
medication. Diabetes was defined as self-reported physician
diagnosis of diabetes, or serum hemoglobin (Hb) A1c >7%.
Non-fasting blood samples were drawn from the cubital
vein in the supine position. All analytical laboratories involved
in this study participated semi-annually in the official national
German tests for quality assurance. In addition, duplicate
blood samples were analyzed for internal quality assurance
every week. Serum LDL and HDL cholesterol, serum
glutamate oxaloacetate transaminase (GOT), glutamic pyruvic
transaminase (GPT), and -glutamyl transpeptidase (GGT)
were measured photometrically (Hitachi 704, Roche,
Mannheim, Germany). Lipoprotein (a) concentrations were
determined with the use of an immunoluminometric assay
(Magic Lite Analyzer II, Ciba Corning, MA, USA). Serum
levels of carbohydrate deficient transferrin (CDT) were
measured by an immunoassay (Cobas Mira, Roche, Basel,
Switzerland). Plasma fibrinogen concentrations were assayed
according to Clauss[16] (Electra 1600 analyzer, Instrumentation
Laboratory, Barcelona, Spain). The mean corpuscular
volume (MCV) of the erythrocytes was determined by
measurements of electrical resistance (Coulter Electronics,
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Hialeah, USA). Markers of hepatitis B virus (HBsAg) and
hepatitis C virus infection (anti-HCV) were determined by
enzyme-linked immunosorbent assays (AxSym HBSAG and
AxSym HCV, Abbot, Abbot Park, USA).
Trained physicians examined the liver using a 5 MHz
transducer and a high-resolution instrument (Vingmed VST
Gateway, Santa Clara, USA). The sonographers were unaware
of the participant’s clinical and laboratory characteristics.
Hepatic steatosis was defined as the presence of an
ultrasonographic pattern of a bright liver, with evident
contrast between hepatic and renal parenchyma[17].
In participants who were ≥45 years, the extracranial
carotid arteries were bilaterally examined with high-resolution
B-mode ultrasound using a 5 MHz linear array transducer
(Diasonics VST Gateway, Santa Clara, USA). Plaques were
present if a focal widening of the vessel wall relative to
adjacent segments was found (as evident from the protrusion
into the lumen and/or localized roughness with increased
echogenicity and/or an area of focal increased thickness
of the intima-media layer ≥1.3 mm)[18,19]. Plaque prevalence
was defined as the presence of one or more plaques in the
common carotid artery, the bifurcation, and the internal
and external carotid arteries. Scans from the distal straight
portion of both common carotid arteries were recorded.
Certified readers calculated the mean far-wall IMT by
averaging the 10 consecutive measurement points (in 1-mm
steps) from the bulb of both sides. The intra-/inter-reader
and intra-/inter-observer reliabilities have been published
and show Spearman correlation coefficients of >0.9, mean
differences <1% and SD of differences <10%[20] .
Statistical analysis
Data on quantitative characteristics are expressed as mean±SD.
Data on qualitative characteristics are expressed as percentage
values or absolute numbers as indicated. Participants were
divided into two groups according to the presence or absence
of hepatic steatosis. Comparisons between groups were made
using ANOVA (continuous data) and ²-test (nominal data).
Multivariate comparisons with respect to the occurrence
of plaques were performed by logistic regression and with
respect to IMT by analysis of co-variance (ANCOVA). Known
risk factors for atherosclerosis and potential confounders such
as demographic variables (age, gender), data on risk behavior
(smoking and alcohol drinking status) and clinical characteristics
(hypertension, diabetes, BMI, total cholesterol/HDL ratio,
and plasma fibrinogen concentrations) were included. The
odds ratios (OR) were calculated for dichotomized endpoints,
values were given with the model-based lower and upper
95% confidence interval (CI). The fit of regression models
was evaluated by the adjusted R². A value of P<0.05 was
considered statistically significant. All statistical analyses were
performed with SPSS software, version 11.0.1 (SPSS GmbH
Software, Munich, Germany).

RESULTS
Hepatic steatosis was diagnosed in 1 261 of the 4 222 participants
(prevalence rate 29.9%). Persons with and without hepatic
steatosis were compared with respect to age, gender, alcohol consumption and serological liver characteristics (Table 1).

1850

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Individuals with fatty liver were older, more often of male
gender and reported higher alcohol consumption than individuals without hepatic steatosis. Furthermore, they had
higher MCV values and higher serum concentrations of
GGT, GOT and GPT. Persons with and without hepatic
steatosis did not differ with respect to serum CDT levels.
Among the atherosclerotic risk factors, persons with
hepatic steatosis more often had diabetes, hypertension and
overweight than those without hepatic steatosis (Table 2).
Furthermore, individuals with hepatic steatosis had higher
values for systolic as well as diastolic blood pressure, higher
BMI, higher serum HbA1c, cholesterol and LDL cholesterol
levels and lower HDL cholesterol levels. Differences
between both groups with respect to smoking habits and
plasma fibrinogen levels failed to attain statistical significance
after adjustment for age and gender. Individuals with and
without hepatic steatosis did not differ with respect to serum
lipoprotein (a) levels.

Table 1 Baseline characteristics of persons with and without hepatic steatosis
Unit
Age

yr

Gender (male)
Mean daily alcohol

mg/d

No teatosis
n = 2 961

Steatosis
n = 1 261

P
<0.001

47.1±16.7

57.2±13.3

1 283 (43.3%)

787 (62.4%)

<0.001

10.6±16.2

16.0±23.1

<0.001

March 28, 2005

none

1 060 (35.8%)

mild

1 331 (45.0%)

477 (37.8%)

258 (8.7%)

129 (10.2%)

294 (9.9%)

234 (18.6%)

moderate
heavy
MCV

µm³

CDT

%

415 (32.9%)

89.9±4.4

90.6±4.8

<0.001

Number 12

Analyses of the association between hepatic steatosis
and IMT and the occurrence of plaques were performed
in the data set of 2 432 participants aged 45 years or older
(992 with steatosis and 1 440 without). Persons with hepatic
steatosis had higher IMT values than persons without
steatosis (Table 3). The strength of this association was
attenuated after adjustment for age and gender and did not
attain statistical significance after adjustment for the full
model (Table 3). The full regression model explained 25.6%
of the variability of carotid IMT.
The overall prevalence rate of atherosclerotic carotid
plaque was 70.8%. Seven hundred and sixty-two individuals
with hepatic steatosis (76.8%) had at least one carotid
plaque compared to 959 subjects without steatosis (66.6%;
P<0.001). Age-stratified analyses revealed higher plaque
prevalence in persons with fatty liver in all age decades
except the oldest (Figure 1). The association between hepatic
steatosis and carotid plaques remained statistically significant
after adjustment for age and gender as well as for known
atherosclerotic risk factors and possible confounders (Table 3)
and also if the ultrasound operator was included as a cofactor. The regression model explained 31.9% of the
variability of plaque.

Table 3 Carotid IMT and plaques in persons with and without
hepatic steatosis

consumption
Alcohol consumption

Volume 11

Unit

No steatosis

Steatosis

P

mm

0.784±0.172

0.811±0.170

<0.001

mm

0.789±0.004

0.803±0.005

<0.05

model1

mm

0.813±0.004

0.806±0.005

0.34

Plaque

OR (CI)

1.0 (Ref.)

1.66 (1.38–2.00)

<0.001

OR (CI)

1.0 (Ref.)

1.60 (1.30–1.97)

<0.001

OR (CI)

1.0 (Ref.)

1.35 (1.03–1.61)

<0.05

IMT
IMT, adjusted for gender
and age
IMT, adjusted for the full

<0.001

4.8±1.6

4.9±1.8

0.23

GGT

µmol/L×s

0.4±0.4

1.0±2.2

<0.001

gender and age

GOT

µmol/L×s

0.3±0.1

0.5±0.3

<0.001

Plaque, adjusted for full

GPT

µmol/L×s

0.4±0.2

0.7±0.4

<0.001

model1

 2 test (nominal data) or ANOVA (interval data). MCV, mean corpuscular
volume; C DT, c arboh ydrate -deficient transferrin; GGT , -glutam yl
transpeptidase; GOT, glutamate oxaloacetate transaminase; GPT, glutamic
pyruvic transaminase.

Plaque, adjusted for

1
Full model included gender, age, alcohol consumption, current smoking,
diabetes, hypertension, BMI, total cholesterol/HDL ratio, plasma fibrinogen
levels. IMT, carotid intima-media thickness; OR, odds ratio; CI, 95%
confidence interval.

Table 2 Atherosclerotic risk factors in persons with and without hepatic steatosis
Unit
Smoking (current)
Hemoglobin A1c

%

Diabetes mellitus

No steatosis n = 2 961

Steatosis n = 1 261

P 1 (unadjusted)

984 (33.2%)
5.3±0.8

335 (26.7%)
5.9±1.2

<0.001
<0.001

P2 (adjusted)
0.75
<0.001

134 (4.5%)

240 (19.0%)

<0.001

<0.001

Systolic blood pressure

mmHg

133±21

146±20

<0.001

<0.001

Diastolic blood pressure
Hypertension

mmHg

82±11
1 274 (43.0%)

87±11
945 (74.9%)

<0.001
<0.001

<0.001
<0.001

BMI

kg/m²

Overweight
Cholesterol
LDL cholesterol

mmol/L
mmol/L

26.1±4.3

30.1±4.6

<0.001

<0.001

1 657 (56.0%)

1 116 (88.5%)

<0.001

<0.001

6.1±1.3
3.8±1.2

<0.001
<0.001

<0.001
0.01

5.7±1.2
3.5±1.2

HDL cholesterol

mmol/L

1.5±0.4

1.3±0.5

<0.001

<0.001

Lipoprotein (a)

mg/L

217±283

204±280

0.15

0.06

Fibrinogen

g/L

2.9±0.7

3.1±0.7

<0.001

0.26

1 2
 -test (nominal data) or ANOVA (interval data). 2Logistic regression (nominal data) or analysis of covariance (interval data), adjusted for gender and age.
BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

%
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Age (yr)

70-79

Figure 1 The prevalence of carotid plaques with respect to the
absence and presence of hepatic steatosis. aP<0.05 vs Steatosis.

Multivariable analyses were repeated after the study
population was dichotomized by the mean daily alcohol
consumption. Among the individuals with no to mild alcohol
use (<20 g per d), subjects with hepatic steatosis had an
increased risk of carotid atherosclerotic plaques (adjusted
OR for steatosis 1.31; 95%CI 1.01-1.71; P<0.05), whereas
this association was not present in the subpopulation of
subjects with a mean daily alcohol consumption of 20 g or
more (adjusted OR for steatosis 1.07; 95%CI 0.62-1.83;
P = 0.81). An independent relationship between hepatic
steatosis and carotid IMT was not found in any of the subpopulations.

DISCUSSION
Possible associations between hepatic steatosis and atherosclerosis
were systematically studied using different endpoints. Our
study showed an association between hepatic steatosis and
prevalent atherosclerotic plaques of the carotid artery. This
relationship remained statistically significant after adjustment
for age and gender as well as for possible confounders and
atherogenic risk factors. An independent association between
fatty liver and IMT was not observed. To the best of our
knowledge, this is the first study which could demonstrate
an independent relationship between hepatic steatosis and
the risk of carotid atherosclerosis.
Apart from moderate alcohol intake which may protect
against atherosclerosis[21], most of the established atherosclerotic
risk factors such as diabetes, hypertension, obesity and
serum lipid disturbances were more prevalent in subjects
with hepatic steatosis. This is in concordance with previous
studies[4,5,7,17]. Thus, it might be assumed that the association
between hepatic steatosis and atherosclerotic plaques was
due to a paralleled distribution of those risk factors. However,
it is not clear whether hepatic steatosis plays an active role
in the development and progression of especially metabolic
risk factors. For example, an association between diabetes
and fatty liver has been described[4], but it remains to be
seen whether hepatic steatosis is indeed a causal factor for
diabetes or is simply a consequence of the disease. Recently,
healthy individuals with fatty liver were shown to have
increased fasting plasma insulin concentrations and a
decreased insulin clearance[7] . This suggests that hepatic
steatosis may cause or promote insulin resistance early in a
pre-diabetic state. These findings are consistent with data
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collected from individuals with nonalcoholic fatty liver
disease showing an association between hepatic steatosis and
insulin resistance even in lean subjects with normal glucose
tolerance[22,23]. Findings from other studies[24,25] suggest that
nonalcoholic fatty liver disease is another feature of the
metabolic syndrome.
Further insight into the pathobiological role of hepatic
steatosis in this context is provided by studies that used
serum GGT, a good marker for hepatic steatosis[4,5], as the
exposure variable and that investigated certain metabolic
endpoints. Data from a large prospective study[26] demonstrated
that elevated serum GGT levels at baseline predicted incident
NIDDM. This relationship was independent of other
NIDDM risk factors such as obesity and physical activity
and remained stable after adjustment for alcohol consumption.
Other studies[27,28] have found a relationship between serum
GGT levels and cardiovascular risk factors such as
hypertension, BMI or dyslipidemia. Together with the
findings of our study, those data suggest that hepatic steatosis
may not only be a morphological characteristic, but also
has functional importance in the development of metabolic
atherosclerotic risk factors and atherosclerosis itself.
Some associations between hepatic steatosis and disorders
such as diabetes and the metabolic syndrome were found to
be present in subjects with nonalcoholic fatty liver disease[22-25].
In the present study, the relationship between hepatic
steatosis and carotid atherosclerotic plaque was found in
the whole population and was free from alcohol consumption.
However, further analyses revealed that this association was
only present in subjects with mean daily alcohol consumption
of <20 g. This finding therefore supports the concept of
nonalcoholic fatty liver disease.
After adjustment for the full risk factor model in the
whole study population, persons with hepatic steatosis had
similar IMT values compared to those without. This finding
may appear contradictory, because on the one hand we
found an association between hepatic steatosis and prevalent
atherosclerotic plaques, but on the other hand IMT is known
to be a marker for generalized atherosclerosis[9–11]. However,
it should be considered that IMT is only a marker for
atherosclerosis and not atherosclerosis itself. Mechanisms
and disorders that cause hypertrophic changes of artery
vessel walls may increase IMT without elevating the risk of
atherosclerosis. For example, it has been shown that treatment
with triodothyronine causes hypertrophy of coronary
arteries[29]. This indicates thicker artery walls in hyperthyroidism,
whereas hypothyroidism is known to cause atherosclerosis[30].
Another example is that plaque characteristics but not IMT
were independently associated with incident coronary events
among patients with coronary artery disease[31]. Thus, the
association between fatty liver and IMT which we found
by bivariate testing was substantially confounded by other
factors.
In agreement with other studies[4,32] we have found an
association between hepatic steatosis and male gender. Also
in line with other studies[17] , our data further obtained a
relationship between alcohol consumption and hepatic
steatosis. However, one Japanese study [4] did not find
such association. This may be due to ethnic differences.
Unfortunately, questions on drinking habits in the Japanese
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study[4] did not refer to the time of ultrasound investigation,
but to some years before, thereby limiting the comparability
of their results. In our study the relationship between alcohol
consumption and hepatic steatosis was not reflected by an
association between fatty liver and serum CDT levels. This
may be explained by the limited diagnostic value of CDT
for the evaluation of problematic alcohol consumption which
is currently undergoing debate[33].
Some limitations of this study merit consideration. Firstly,
data were derived from a cross-sectional study, so that we
can only hypothesize a causal effect of hepatic steatosis on
carotid atherosclerosis. Secondly, intra- and inter-observer
agreements with respect to the diagnosis of hepatic steatosis
were not measured. Therefore, we repeated all multivariable
analyses with the observer as a co-factor in order to control,
for a possible operator-bias. These additional analyses
revealed similar results concerning the association between
fatty liver and the investigated endpoints. Additionally, the
expected pattern of risk factors for hepatic steatosis argues
against a low accuracy and validity in the diagnosis of this
disorder. Thirdly, ultrasound may not be the method of
choice to distinguish fat from fibrosis or early cirrhosis. A
biopsy as golden standard for diagnosing hepatic steatosis
was not practicable for this population-based study and was
reserved for patients with clinically relevant liver disease.
However, if in our study some of the participants with
early cirrhosis were misclassified as having steatosis, we
would have consequently underestimated the risk of
atherosclerosis in individuals with fatty liver because of the
protective effects of liver cirrhosis against atherosclerotic
processes[34]. Finally, we could only analyze non-fasting blood
samples for practical reasons. The participants were nonfasting due to the duration of the cumulative examinations,
4-6 h in total. Therefore, serum triglycerides and glucose
were not included in the present analysis.
We conclude that there is an association between hepatic
steatosis and carotid atherosclerosis which is free from other
atherogenic risk factors and predominantly present in
subjects with abstinence to mild alcohol consumption.
Metabolic changes due to nonalcoholic fatty liver disease
may contribute to this relationship.
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Abstract
AIM: Growth factors (GF) that participate in regeneration
and apoptosis have an important role in chronic liver
diseases. We analyzed serum GF concentration during
antiviral treatment and correlated it with morphological
liver failure in chronic hepatitis C.
METHODS: The levels of GF were determined in sera by
ELISA method in 0, 16, 32 and 48 wk of therapy in 40 patients
treated with IFN2b (9 MU sc/wk) and RBV (1.2 g/d) and
in 25 healthy subjects. Blind liver biopsies were done
before treatment with histological grading and staging
examination.
RESULTS: The hepatocyte growth factor (HGF) and
epidermal growth factor (EGF) were markedly elevated
prior the treatment and decreased during the therapy,
although they did not reach the normal level. In nonresponding (NR) patients, HGF and EGF were higher than
that in responders (R), however differences were not
significant. Before the treatment thrombopoietin (TPO)
level was significantly lower in R than in NR (P<0.03).
Platelet-derived growth factor (PDGF) concentration was
lower in chronic hepatitis C than in healthy subjects and
decreased during the treatment. A significant positive
correlation was observed between inflammatory activity
in the liver tissue and the concentration of HGF (in R: r = 0.4,
in NR: r = 0.5), TPO (R: r = 0.6), and a significant negative
correlation between this activity and EGF (R: r = -0.6)
and PDGF (R: r = -0.5). Serum HGF concentration was
higher in more advanced fibrosis (R: r = 0.5, P<0.05;
NR: r = 0.4, P<0.03).
CONCLUSION: The decrease in PDGF can be an effective
prognostic marker of the treatment and HCV elimination.
Decreasing HGF, EGF, and PDGF can influence the inhibition
of inflammatory and fibrotic processes in the liver during
the antiviral treatment.

INTRODUCTION
Viral hepatitis C (HCV) infection is a frequent reason of
chronic hepatitis. Immunological phenomena in HCV
infection are not clear and mechanisms of natural elimination
of HCV and effective therapy have not been established
so far. Liver morphologic changes caused by chronic HCV
infection can lead to inflammation and fibrosis[1]. Persistent
HCV infection can be the cause of secretion disorders as
for proteins and factors essential for the liver and other
organ functioning[2,3]. The expression of specific molecules
on infected hepatocytes induces the immune system
activation. Natural mechanisms are not usually capable of
fighting the infection. Factors of cellular environment
responsible for virus persistence and replication have not
been known yet. HCV virus affects, directly and indirectly,
the regeneration and apoptosis of infected cells[4,5] . The
administration of exogenous interferon alpha alone or in
combination with nucleoside analogue increases possibilities
of HCV elimination[6-8]. Some growth factors (GF, hepatocyte
growth factor - HGF, epidermal growth factor - EGF) and
cytokines (IL-6) protect the liver against cytotoxic cell
reactions. GF are produced by parenchymal (thrombopoietin
- TPO) and non-parenchymal liver cells (HGF, EGF, and
platelet-derived growth factor - PDGF) during liver infection.
They have synergic and sometimes antagonist effect on
immunological and inflammatory processes in the liver[9-12].
The knowledge of liver regeneration mechanisms can be
helpful in the development of new treatment essential for
induction of repair processes.
We analyzed serum growth factor levels in the course
of treatment with interferon alpha 2b (IFN2b) and ribavirin
(RBV) in patients with chronic hepatitis C. We examined the
relationship between growth factor concentrations and
morphological changes in the liver, viral clearance, and
biochemical parameters during therapy.
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MATERIALS AND METHODS
Patients
The studies were conducted in the group of 40 patients (16
women and 24 men), aged 38.5±9.0 year, with chronic
hepatitis C. Chronic infection with HCV was demonstrated
by the presence of anti-HCV antibodies (ELISA method)
for at least 6 mo and the presence of viral replication. Serum
HCV-RNA was confirmed in all patients by RT-nested PCR
in whole blood. Biochemical and hematological examinations
monitoring the treatment effect were performed in 0, 16,
32 and 48 wk of therapy. The liver biopsies by means of
the Hepafix System (Braun, Melsungen, Germany) and liver
histopathological assessment were performed. Periportal and
intralobular activities as well as fibrosis stage were analyzed
using point assessment according to Scheuer’s classification[13].
The microscopic examination of liver biopsy was presented
in Table 1. The patients fulfilled all indicatory criteria for
antiviral treatment and were given interferon alpha 2b (Intron
A, Schering Plough, USA) in the dose of 3 MU sc thrics a
week for 48 wk and ribavirin (Rebetron, Schering Plough)
in the dose of 1.2 g daily for 48 wk. The patients were not
given preparations affecting the immune system in the course
of treatment. The study was continued in patients who had
negative HCV-RNA in peripheral blood after 24 and 48 wk
of the treatment. The qualitative HCV-RNA examinations
carried out 24 wk after completing the treatment was the
basis for the division of the patients into sustained viral
responders (HCV-RNA negative) (R) and non-responders
(HCV-RNA positive) (NR). The protocol of study was approved
by the local bioethical committee.
The control group consisted of 25 healthy subjects (10
women, 15 men), aged 29.4±10.2 years, with no liver
damage diagnosed.
Growth factors
Venous blood was collected in the morning using plastic
tubes, before the treatment, and after 16, 32 wk and in
the 48th wk of the treatment. Blood was centrifuged at
1 000 r/min within 60 min of collection and obtained sera
were stored at -76 ℃. GF were assayed in duplicate with
the quantitative sandwich enzyme immunoassay (EIA)
technique.

Table 1 Microscopic examination of liver biopsy in patients with
chronic hepatitis C according to Scheuer classification scale[13]
Histological liver examination
Grading (stage)

Responders

Non-responders

Portal activity of inflammation: 1/2/3/4 (n)
Lobular activity of inflammation: 1/2/3/4 (n)

3/7/16/0
12/9/1/0

1/5/12/0
6/11/1/0

Staging (stage): 1/2/3/4 (n)

19/3/0/0

9/7/2/0

Hepatocyte growth factor Murine anti-HGF monoclonal
antibodies were precoated as a solid phase onto a microplate
(human HGF, R&D System, Oxon, UK).
Epidermal growth factor Murine anti-EGF monoclonal
antibodies were precoated as a solid phase onto a microplate
(human EGF, R&D System, Oxon, UK).
Total platelet-derived growth factor Murine anti-PDGFBB monoclonal antibodies as a solid phase precoated onto
a microplate (human PDGF-AB, R&D System, Oxon, UK).
Thrombopoietin Murine anti-TPO monoclonal antibodies
as a solid phase precoated onto a microplate (human TPO,
R&D System, Oxon, UK). Standard and samples were
added into the wells and every growth factor was bound by
immobilized antibodies. After washing away any unbound
substances, polyclonal antibodies against HGF, EGF, PDGFAA or monoclonal antibodies against TPO conjugated to
horseradish peroxidase were added to the wells. After
washing, substrate solution with stabilized hydrogen peroxide
and tetramethylbenzidine were added to each well. The
reaction was stopped by 1 mol/L sulfuric acid. Optical
density was determined by microtitre plate photometer Stat
Fax® (Alab, Poland) at 450 nm, corrected by subtraction
of readings at 540 nm. The values of GF in a sample were
established by interpolation from a standard curve calculated
with standard samples added to kits by manufacturer.
Statistical analysis
The results were presented as mean±SD. Statistical analysis
was performed using Student’s t test for pairs. Parameter
correlation was analyzed using Pearson’s parametric correlation
test and Spearman’s non-parametric test. Statistically
significant differences were considered for P<0.05.

RESULTS
Combined treatment of IFN2b+RBV caused HCV
elimination in 22 subjects (55%) out of 40 patients. The
decrease of alanine aminotranferase (ALT) activity was
observed in all patients during the treatment (Table 2).
Suppression of bone marrow function was demonstrated
by temporal decrease of platelet, leukocyte, and erythrocyte
counts (non-significant statistically).
TPO values increased during the treatment and reached
statistically significant level in the 32 wk (Table 3). However,
it did not correlate with decreasing blood platelets count.
Before the treatment, virological responders had TPO
baseline concentration on the controls’ level and it was
significantly higher than that in non-responders (P<0.03)
(Table 4). The treatment caused TPO values to increase
in the responders (R) and decrease in NR. Serum TPO
concentration revealed positive correlation with inflammation
activity in the liver tissues (periportal r = 0.5, P<0.01,

Table 2 Biochemical and hematological parameters during IFN2b with RBV therapy in chronic hepatitis C
Time of the treatment
0
16 wk
32 wk
48 wk

Alanine aminotransferase (U/L)
106±50
24.4±16.7
19.6±13.2
35±67

Prothrombin index (%)

Platelets
(1×10 3/L)

Erythrocytes
(1×106/L)

Leukocytes
(1×103/L)

95±9.6
97±6.4
99±9.2
100±7.4

208±34
198±46
202±63
193±62

4.6±0.5
4.0±0.5
3.9±0.6
4.1±0.6

6.3±2.1
5.1±2.3
4.6±1.5
4.9±1.9
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intralobular r = 0.6, P<0.004) or fibrosis (r = 0.4, P<0.04)
(Table 5).
In chronic hepatitis C, serum HGF concentration was
higher before antiviral treatment than in controls and after
the beginning of the treatment, HGF values diminished
(Table 1). There were no statistically significant differences
between HGF concentration in R vs NR before and during
the treatment. Significant correlation between serum HGF
concentration and stage of liver fibrosis (R: r = 0.5, P<0.05;
NR: r = 0.4, P<0.03) and intralobular grading of
inflammatory activity (R: r = 0.4, P<0.05; NR: r = 0.5, P<0.03)
were observed. In treated patients, a significant positive
correlation between serum HGF and EGF concentrations
(r = 0.2, P<0.04) was also noticed.
EGF concentration in chronic hepatitis C is significantly
higher than that in healthy individuals. In the 0-16 wk of
IFN2b+RBV treatment, we noted significant decrease in
serum EGF concentrations, whose values were elevated in
the following weeks (Table 3). In non-responders, EGF
concentrations before the treatment were higher than that
in responders (Table 4). There was a significant negative
correlation between serum EGF values and histological
inflammatory activity (periportal r = -0.6, P<0.03, intralobular
r = -0.5, P<0.01) in responders. There was no statistically
significant relationship between EGF concentration and
fibrosis progression in the liver (Table 5). EGF concentration
correlated significantly with HGF (r = 0.2, P<0.04) in NR
and PDGF (r = 0.5, P<0.04) concentration in R during the
treatment.
PDGF concentration in chronic hepatitis C was lower
than that in the control group. Before the treatment, PDGF
concentrations in R were higher than that in NR. Antiviral
treatment IFN2b+RBV caused PDGF drop in responders
and elevation in NR as compared to initial values (Table 4).
We observed a significant negative correlation between

Table 3 Level of GF in chronic hepatitis C during IFN2b with RBV
therapy (mean±SD)
HGF
(pg/mL)

EGF
(pg/mL)

TPO
(pg/mL)

PDGF
(pg/mL)

Healthy

748±91

12.9±3.3

47.6±16.5

473.2±145

0 (I)
16 wk (II)

983±227
752±277

18.4±7.1a
12.7±6.3

55.5±17.2
71±56.3

387±116
334±84.8a

32 wk (III)

783±297

13.9±5.2

67.5±18.3a

342±84.5a

48 wk (IV)

770±278

15.8±5.7

62.5±28.1

330±138 a

NS

I:II P<0.01
I:III P<0.01

NS

I:II P<0.02
I:III P<0.03

P value

Table 5 Correlation of GF in the course of IFN2b with RBV therapy
with grade activity of inflammation and fibrosis in the liver in responders (R) and non-responders (NR). Histological classification
according to Scheuer [13]
Inflammation activity, grading
Periportal
HGF

Table 4 Serum concentrations of GF in virological responders and
non-responders, Student’s t test (mean±SD)
Responders

Non-responders

P

Growth factor
0 wk

48 wk
792±198
16.1±6.2
68.8±13
292±180

0 wk

48 wk

919±257
742±260
20.4±8.4
15.5±4.9
64.2±17.1 54.8±12
340±111
377±98

0 wk

48 wk

0.6
0.2
0.03
0.1

0.7
0.8
0.2
0.1

Intralobular

Fibrosis hepatitis,
staging

R

NR

r = 0.4, P<0.05

r = 0.5, P<0.05

NS

NS

r = 0.5, P<0.03

r = 0.4, P<0.03

EGF

R
NR

r=–0.6, P<0.003
NS

r = –0.5, P<0.01
NS

NS
NS

TPO

R

r=0.5, P<0.01

r = 0.6, P<0.004

r = 0.5, P<0.01

NR

NS

NS

r = 0.4, P<0.04

R
NR

r=–0.5, P<0.01
NS

r = –0.5, P<0.02
NS

NS
NS

PDGF
873±210
16.8±5.8
48.4±14
425±111

Number 12

DISCUSSION
Combined administration of interferon alpha and ribavirin
leads to HCV elimination and inhibition of inflammatory
reaction and liver fibrosis in some patients[8,14]. In our study,
we observed a relationship between inflammatory activity
or fibrosis stage and serum GF concentrations in chronic
hepatitis. Thrombopoietin concentrations increased whereas
HGF, EGF and platelet-derived factor decreased during
IFN2b+RBV therapy. There were differences in GF
concentrations in respect to virological responders or nonresponders.
In hepatitis, the sources of PDGF, beside activated
platelets, are macrophages and Kupffer cells[15,16]. The essence
of biological significance of this connection is the stimulation
of fibrogenesis and mitogenesis of Ito cells in the liver[17].
PDGF along with transforming growth factor 1 (TGF1)
are the most powerful inductors of liver fibrosis. As we
have demonstrated recently there is a significant correlation
between plasma TGF1 and the degree of liver insufficiency
in patients with liver cirrhosis[18]. According to Mannaioni
et al[15], as liver damage intensifies, PDGF is elevated in the
serum and PDGF-R in inflammatory infiltrations along
vessels scattered in the liver connective tissues and on
proliferative Ito cells. Chronic hepatitis reveals a high
correlation between PDGF-R expression, activity, and
morphological change progress and collagen deposition[16].
During IFN2b with RBV administration we observed the
decrease in serum PDGF concentration. It is a favorable
effect of the treatment which can cause the reduction of
Ito cell activation and inhibition of fibrosis. It is in accordance
with other authors’ observations that showed inhibitory IFN
alpha influence on liver fibrosis[8,19]. Excess of PDGF inhibits
thrombocytopoiesis in chronic liver diseases. Therefore, we

Growth factor

P<0.05 Student’s t test.

HGF (pg/mL)
EGF (pg/mL)
TPO (pg/mL)
PDGF (pg/mL)

Volume 11

PDGF concentrations and periportal (r = -0.5, P<0.01) and
intralobular (r = -0.5, P<0.02) inflammatory activity in R.
Despite therapy effectiveness we did not observe any
relationship of PDGF in respect to stage of liver fibrosis
(Table 5).
The study showed no significant correlation between
aminotransferase, bilirubin values, blood cell count, and
growth factor concentrations determined during the therapy.

II:IV P<0.04
a

March 28, 2005

r - statistical correlation, Spearman’s non-parametrical test, P<0.05 statistically
significant, NS – no statistical significance.
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did not observe thrombocytopenia in patients treated with
IFN with RBV.
The liver cells are the main place of TPO production,
which is the crucial stimulating factor in megakariocytopoiesis
and thrombocytopoiesis. Its amount is strictly related to the
degree of liver cell efficiency. The decrease in hepatocyte
functionality and intensification of liver fibrosis affect TPO
production causing its decrease[20]. Moreover, HGF influences
TPO production in the liver [11]. TPO concentration is
markedly higher in chronic viral hepatitis than in other liver
diseases[21]. However, we did not observe any correlation
between serum TPO concentration and mRNA TPO in
liver tissues in various liver diseases[21]. Our studies showed
high values of thrombopoietin in patients with chronic hepatitis
C. During IFN2b+RBV treatment, TPO concentrations
increased, but it did not correlate with platelet decrease.
Higher TPO concentrations (statistically significant) were
observed in non-responders that were lowered in the course
of therapy. In chronic hepatitis C, R showed a positive
correlation between TPO values and the grade of histological
inflammation, whereas in NR the correlation was positive
for TPO and the stage of liver fibrosis.
HGF is a pleiotropic growth factor of mitogenic,
motogenic, and morphogenic properties, and inhibits certain
neoplasm growth[22]. HGF is produced in high quantities in
acute infections, such as sepsis, influenza, pneumonia, and
acute hepatitis[23]. Immunohistochemical studies in chronic
hepatitis reveal higher percentage of Kupffer cells and Ito
containing HGF than in liver cirrhosis[24]. HGF stimulates
the production of acute phase proteins (alpha 2-macroglobulin
and albumin) of hepatocytes in primary culture. However,
Shiota et al[25], studies did not show the relationship between
HGF and acute phase proteins, which correlated with liver
damage. Their further studies showed the positive correlation
between HGF and total bilirubin, aspartate aminotransferase
and the negative correlation with prothrombin time and albumin
concentration[26]. We did not observe any association between
these parameters and HGF concentration in chronic hepatitis
C before and during the therapy. HGF concentration
increases together with the degree of liver insufficiency.
The highest concentration occurs in cirrhotic patients with
Child-Pugh class C [26]. In chronic hepatitis, HGF was
significantly related to histological activity index score and
fibrosis stage[26,27]. Yamagami et al[27], in studies on various
stages of liver damage showed the highest HGF values in
acute hepatitis, lower in liver cirrhosis and chronic hepatitis.
Intrahepatic HGF expression shown in focal necrosis is
related to serum level of HGF[27]. Our studies showed high
HGF values in chronic hepatitis C that correlated positively
with histological grading of inflammatory intralobular activity
and the stage of liver fibrosis independent on IFN2b+RBV
treatment efficacy. During the treatment we observed a
positive relationship between HGF and EGF concentrations
in NR patients. Serum HGF values were lower in responders
than in patients not responding to the treatment. During
the treatment HGF values decreased and were comparable
to those of healthy subjects. So we suggest that determination
of HGF concentration in serum can be helpful in defining
inflammatory activity and fibrosis in the liver. EGF, beside
HGF, causes the increase in hepatocytes proliferation.
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HGF and EGF administered to the environment of stem
bone marrow cells caused the occurrence of features
typical for hepatocytes. It might give hope for cell culture
for liver transplant[28]. EGF and hepatotoxic preparations
(thioacetamide, carbon tetrachloride) given to animals
decrease organ damage and morbidity as compared to the
control group without EGF[29]. Komuves et al[30], showed that
EGF transcription was highly elevated in cirrhotic liver
(regenerative nodules, bile duct epithelia) as compared to
low expression in normal liver.
We revealed significantly higher EGF values in chronic
hepatitis C than in healthy subjects. Serum EGF values
decreased in the first period of the treatment, however
during the therapy it slowly increased. Higher EGF
concentration occurred in non-responders during the
therapy. The positive correlation between EGF and the grade
of inflammatory activity in NR and HGF and PDGF
concentrations in the course of IFN2b with RBV treatment
in both groups were observed.
By analyzing the dynamics of GF in responders and
non-responders we observed that PDGF decrease might
be the predictive marker of the effective treatment and
HCV elimination. Higher TPO concentration can be a
protective mechanism against thrombocytopenia during
IFN2b with RBV treatment. It seems that decreasing
values in HGF, EGF, and PDGF reflect stabilization of
inflammatory and fibrosis processes in the liver as an effect
of the therapy.
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Abstract
AIM: To tattoo gastric mucosa with a novel medical device
which could be used to monitor and follow-up gastric
mucosal lesions.
METHODS: Co mbining endos copic bio psy w ith
sclerotherapy injection, we designed a new device that
could perform biopsy and injection simultaneously. We
performed endoscopies on a pig by using a novel endoscope
tattoo biopsy forceps for 15 mo. At the same time, we
used two-step method combining sclerotherapy injection
needle with endoscopic biopsy. The acuity, inflammation
and duration of endoscopy were compared between two
methods.
RESULTS: Compared with the old two-step method,
although the inflammation induced by our new device
was similar, the duration of procedure was markedly
decreased and the acuity of tattooing was better than the
old two-step method. All characteristics of the novel device
complied with national safety guidelines. Follow-up
gastroscopy after 15 mo showed the stained site with
injection of 1:100 0.5 mL of India ink was still markedly
visible with little inflammatory reaction.
CONCLUSION: Endoscopic tattooing biopsy forceps
can be widely used in monitoring precancerous lesions.
Its safety and effectiveness has been established in
animals.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Fiber-optic endoscopy is widely used to diagnose
gastrointestinal diseases, including chronic inflammation,
precancerous lesion, benign and malignant tumors, polyps
and congenital malformations. As an important medical
diagnostic modality, endoscopic biopsy allows a pathologic
diagnosis. This is especially useful in monitoring precancerous
lesions, pre- or post-operation follow-up[1,2]. However,
identifying and demarcating the suspicious area for
follow-up remain problematic[3-6]. One method to solve
this problem is to use an injection needle for mucosa
tattooing, then routine endoscopic biopsy was performed
for pathologic inspection. This technique is not only
cumbersome, but also may lack precision. In this regard,
tattooing biopsy forceps that permit simultaneous marking
and biopsy of the suspicious lesion during the same
procedure may be very useful.
MATERIALS AND METHODS
The structure of endoscopic tattooing biopsy forceps is
shown in Figures 1-3. It consists of 9 parts: (1) a syringe
needle, on which a threaded hole was made for fixation
guide wire of the biopsy forceps; (2) a bowl-shaped notched
biopsy forceps, which can be fixed on mucosa for biopsy
without damaging the needle; (3) a fixation sleeve of biopsy
forceps, which is provided with a lumen to allow the guide
wire to move freely; (4) a biopsy forceps guide wire; (5) a
metallic tube; (6) a transfusion tube which is provided with
syringe nozzle 6-1; (7) a control block of syringe needle
and biopsy forceps on which an adaptor for piece 8
connecting the transfusion tube can be fixed; (8) an adaptor
piece of transfusion tube, which drives the transfusion tube
to shift leftwards or rightwards and in turn drives the needle
to move forwards or backwards and the biopsy forceps to
open or close; (9) a pull-rod shank, on which there is a slot
of syringe nozzle 9-1, slot for pull-rod 9-2 (to make the
transfusion tube shift leftwards or rightwards freely within
a given range) and handle 9-3.
We performed gastroscopic tattooing biopsies of gastric
mucosa on one pig, using medical India ink (Pelikan,
Hanower, Germany) for staining. India ink was diluted and
sterilized before use[7]. The pig was subjected to fiber-optic
gastroscopy under general anesthesia and gastric mucosa
was biopsied with both the novel tattooing biopsy forceps
and the old methods on different sites of gastric mucosa.
Then the safety and effectiveness of the tattooing biopsy
were checked, several follow-up gastroscopies were
performed at the intervals of 1, 3 d, 1 wk, 1, 3, 6, 12, 15 mo
respectively. The concentration of India ink was 1:10,
1:100, 1:1 000 respectively, and the dosage of injection

1860

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

was 0.3 mL, 0.5 mL, and 0.7 mL respectively. The acuity
of tattooing was described as three scores: 0, nothing could
be seen; 1, tattooing could be seen indistinctly; 2, tattooing
was clearly seen. The inflammation induced by biopsy was
described as four scores: 0, no inflammation, tattooing and
impact on observation; 1, mild inflammation, tattooing
and impact on observation; 2, moderate inflammation,
tattooing and impact on observation; 3, severe inflammation,
tattooing and impact on observation. The duration of
each procedure was recorded and compared. Twelve
biopsy specimens were obtained with each novel tattooing
biopsy forceps and ordinary biopsy forceps. Tissue
samples were examined for the following parameters:
weight (mg), size (mm 3 ), depth, and adequacy of the
specimens for histologic information (0, inadequate; 1,
suboptimal; and 2, adequate)[8].
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RESULTS
No complication was noted during 15-mo follow-up. Followup gastroscopy after 15 mo showed with injection of 0.5 mL
(1:10) of India ink, the dye site was still visible with little
inflammatory reaction (Table 1, Figure 4). A total of 24
tissue samples were available for analysis. As far as the
inflammation due to tattooing was concerned, inflammation
induced by the novel tattooing biopsy forceps method and
the old two-step methods was similar. The acuity of tattooing
was better in novel tattooing biopsy forceps method than in
the old two-step method. The mean time of endoscopy
with novel tattooing biopsy forceps were significantly short
(40 s) compared to the traditional two-step method (70 s).
Overall, both forceps provided specimens with a similar
size and depth. When the adequacy of specimens was
assessed for histologic diagnosis, no significant difference
was noted between two kinds of forceps.

9
Table 1 Results of observation 15 mo after gastroscopy tattooing biopsy
Concentration and dosage

9-3

6-1 9-1

9-2

Figure 1 Structure of endoscopic tattooing biopsy forceps. 1,
syringe needle; 2, bowl-shaped notched biopsy forceps; 3, fixation
sleeve of biopsy forceps; 4, biopsy forceps guide wire; 5, metallic
tube; 6, transfusion tube which is provided with syringe nozzle 6-1;
7, control block of syringe needle and biopsy forceps; 8, adaptor
piece of transfusion tube; 9, pull-rod shank, on which there is a slot
of syringe nozzle 9-1, slot for pull-rod 9-2 and handle 9-3.

1:10, 0.3 mL
1:10, 0.5 mL
1:10, 0.7 mL
1:100, 0.3 mL
1:100, 0.5 mL
1:100, 0.7 mL
1:1 000, 0.3 mL
1:1 000, 0.5 mL
1:1 000, 0.7 mL

A

Acuity of tattooing
1
2
2
1
1
1
0
0
1

Inflammation of tattooing
1
1
2
2
1
2
0
0
1

B

Figure 4 Point of injection with 0.5 mL of India Ink (1:100) on the
angle mucosa of a pig after 1 wk (A) and 15 mo (B).
Figure 2 Head and shank of mucosa tattooing biopsy forceps.

Figure 3 Mucosa tattooing biopsy forceps.

DISCUSSION
Tissue staining is used as an adjunctive technique during
gastrointestinal endoscopy. Chemical agents have been
applied to the detection of mucosal surface characteristics
of the gastrointestinal epithelium [9-11]. This aids in the
recognition of subtle lesions or allows direct targeting of
biopsies to increase the endoscopic diagnostic accuracy.
Traditional method was performed by using an injection
needle for mucosa tattooing, then routine endoscopic biopsy
was carried out for pathologic inspection. But this technique
is not only cumbersome, but also may lack precision. It
takes a long time and easy to miss the targeting site. The
novel tattooing biopsy forceps that permits simultaneous

Si JM et al. Endoscopic tattooing biopsy forcep
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marking and biopsy of the suspicious lesion during the same
procedure is very useful. By using it, the distress of patients
during endoscopy could be reduced. In addition, it may
avoid the difficulty in identifying the area of previous
biopsies with follow-up examinations. If no marking was
made for minor pathological changes after biopsy it might
be difficult to identify the suspicious area during surgery.
This could preclude effective treatment and correct
assessment of the effect of chemotherapy. Since this device
is a disposable tattooing biopsy forceps, cross contamination
and infection can be prevented. It can be used for inspection
of precancerous lesions with a long-term follow-up of
various mucosa lesions in the gastrointestinal tract,
genitourinary tract and tracheobronchial tree.
India ink, a colloidal suspension of carbon particles, is
most widely used as a tattooing agent. The carbon is derived
from incomplete combustion of petroleum products in an
oxygen-depleted system. Carbon tattooing has been used
for decades to tattoo the skin without toxicity, and India
ink tattoos of the gastrointestinal tract have be reported to
be similarly safe[4,12-14]. A 0.5 mL of India ink solution diluted
to 1:10 with sterile saline seems to be the best choice.
There are two conduits (one for the biopsy guide wire,
the other for the transfusion tube) inside the cavity of tattooing
biopsy forceps. Hence it has strict requirements on the
technological process. Through a series of experiments, we
at last decided to use a stainless steel wire with a diameter of
0.28 mm and a transfusion tube with an outside diameter of
0.75 mm and an inside diameter of 0.25 mm, which prevented
the obstruction of the transfusion tube and allowed a
maximum flexibility of the closing/opening of the biopsy
bowl. This tattooing biopsy forceps is a practical medical device
and has been used in chinese patients (ZL 01 2 76535.X).
The endoscopic tattooing biopsy forceps can be widely
used in monitoring precancerous lesions. Its safety and
effectiveness has been established in animals. Further studies
are needed to assess its therapeutic impact and safety.
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Abstract
AIM: Our goals were to analyze the known genetic
predispositions for autoimmune hepatitis (AIH) in AIH
Italian population and to compare them with North American
counterparts.
METHODS: Human leukocyte antigens (HLA) B8, C7, DR3,
DR4, DR7, DR11, DR13, DQ2 and the B8-DR3-DQ2
phenotype were determined by microlymphocytotoxicity
and polymerase chain reaction in 74 Italian patients (57
with type 1 and 17 with type 2 AIH) and 149 North American
patients with type 1 AIH, and in adequate controls.
RESULTS: B8-DR3-DQ2 occurred more frequently in Italian
patients with type 1 AIH than in Italian controls (30% vs
7%, P<0.0001), but less frequently than in North American
counterparts (30% vs 48%, P = 0.02). DR4 occurred less
frequently in Italian patients with type 1 AIH (23% vs 43%,
P = 0.01) and in controls (16% vs 34%, P = 0.0003) than
in North American counterparts. No differences were
found in alleles’ frequency between type 1 and type 2
Italian AIH patients. DR11 had a frequency lower in type
1 Italian AIH patients than controls (17% vs 35%, P = 0.01).
CONCLUSION: HLA DR4 is not associated with AIH in
Italy. The known HLA risk factors for AIH occur similarly
in Italian patients with type 1 and type 2 AIH, and they
are less frequent than in North American patients. B8DR3-DQ2 is the predominant phenotype of type 1 AIH
also in Italy, and HLA DR11 may be a regionally distinctive
protective factor against type 1 AIH.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Autoimmune hepatitis (AIH) is characterized by interface
hepatitis, high serum gamma-globulin levels, and circulating
autoantibodies[1]. Antinuclear antibodies (ANA) and smooth
muscle antibodies (SMA) characterize type 1 AIH, whereas
liver/kidney microsomal antibody type 1 (LKM1) and
liver cytosol antibody type 1 (LC1) are the markers of type
2 AIH[2].
AIH has a worldwide prevalence, and its occurrence
varies in different geographical regions and ethnic groups.
Several reports have described associations between type 1
AIH and class I and class II human leukocyte antigens (HLA).
In North America and in northern Europe, a strong
association between type 1 AIH and HLA A1-B8-DR3 and
HLA DR4 has been observed[3-5] , and DRB1*0301 and
DRB1*0401 are the main susceptibility alleles for type 1
AIH in these regions[6]. In contrast, DRB1*0405 is strongly
associated with type 1 AIH in Argentina[7] and Japanese[8]
adults, and DRB1*0404 is the main susceptibility allele for
type 1 AIH in Mestizo Mexicans[9]. Among South American
children, HLA DR13 (DRB1*1301) is a risk factor for
protracted infection with hepatitis A virus [10] and the
development of type 1 AIH[11-13]. HLA DR5 can be split
into HLA DR11 and HLA DR12 by DNA-based techniques;
in particular, HLA DR11 has been associated with a lower
frequency in primary biliary cirrhosis in Italian patients
suggesting a possible protective role of this allele in Italian
population[14]. From the clinical standpoint, the observation
that patients with type 1 AIH and HLA DR3 have a more
aggressive clinical course and a poor response to corticosteroid
therapy than patients with HLA DR4 [5,15] suggests that the
genetic background may affect disease expression and
treatment outcome.
Only a few studies investigated the relationship between
HLA and type 2 AIH: Czaja[16] and Bittencourt[17] found an
increased prevalence of HLA DR7 in German and Brazilian
patients, whereas Jurado[18] reported a significant association
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with HLA DQ2 in a Spanish cohort.
In this study we determine for the first time the
associations between AIH in a southern European country
and the HLA risk factors that have been implicated
elsewhere in the occurrence of the disease. We also identify
genetic distinctions that may explain regional differences in
disease susceptibility, clinical phenotype, and treatment
outcome, by comparing patient and normal populations from
Italy and a prototypic North American population.

MATERIALS AND METHODS
Italian patients with type 1 AIH
Fifty-seven consecutive Italian patients with type 1 AIH
referred to the Division of Internal Medicine (Department
of Internal Medicine, Cardioangiology, Hepatology, Alma
Mater University, Bologna) were enrolled in this study.
According to the scoring system of the International
Autoimmune Hepatitis Group[19], 38 patients (67%) received
a diagnosis of “definite” AIH and 19 (33%) of “probable”
AIH. Fifty patients were women (88%), and the median
age was 38 years (range, 15-76 years). Serological
characterization was performed as previously reported[20,21];
SMA were detected in 44 patients (77%), and ANA in 34
patients (60%). Twenty-three of the ANA-positive patients
had a diffuse pattern of nuclear immunofluorescence
(68%)[22,23] . Twenty-nine patients (51%) had both ANA and
SMA; 15 patients (26%) had SMA as their sole serological
finding, and 5 patients (9%) had ANA alone. Eight patients
(14%) were negative for ANA and SMA, but they were
retained in the analysis because of their diagnostic scores
for AIH.
Liver biopsy was available in 54 patients (95%), and
mild-moderate activity was present in 26 (48%), severe
activity was present in 23 (43%), and cirrhosis was present
in 5 (9%). Three patients did not undergo liver biopsy
because clinical signs of cirrhosis (ascites and/or esophageal
varices) were already documented at the time of the
diagnosis. All patients were seronegative for any viral
infection, and metabolic and genetic causes of liver disease
had been excluded by appropriate tests.
Italian patients with type 2 AIH
Seventeen patients with type 2 AIH were enrolled in the
study. According to the scoring system of the International
Autoimmune Hepatitis Group[19], 15 (88%) reached a cumulative
score consistent with the diagnosis of “definite” AIH, and
2 of “probable” AIH. Fifteen patients were women (88%),
and the median age was 18 years (range, 8-34 years). Serological
reactivities were as follows: LKM1 alone were detected in
nine patients (53%); LKM and LC1 were detected in three
patients (18%); LKM1 and SMA were present in three
patients (18%); LKM and ANA were detected in one patient
(6%), and LC1 alone were present in one patient (6%).
Liver biopsy was performed in 14 patients (82%), and
mild-moderate activity was present in five patients (36%),
severe activity in six (43%), and active cirrhosis in three
(22%). All patients were seronegative for hepatitis B and C
infection, and metabolic and genetic causes of liver disease
had been excluded by appropriate tests.

1863

North American patients with type 1 AIH
One hundred and forty-nine Caucasoid patients from North
America who had been evaluated at the Mayo Clinic and
who satisfied international criteria for the diagnosis of
AIH [19] constituted the North American comparison
population with type 1 AIH. One hundred and twenty-two
patients (82%) were female, and the median age was 47 years
(range, 13-81 years). Thirty-eight patients (26%) had ANA;
36 patients (24%) had SMA; and 75 patients (50%) had
SMA and ANA at presentation. One hundred and thirtyfive patients (91%) had been assessed for LKM1 by a
previously reported assay[24], and each was seronegative for
this marker. One hundred and forty-seven patients (99%)
had undergone liver biopsy evaluation at accession, and 78
of the biopsied patients (52%) had interface hepatitis (mildmoderate activity), 15 patients (10%) had bridging necrosis
(severe activity), 19 patients (13%) had multilobular necrosis
(severe activity), and 35 patients (24%) had active cirrhosis.
All patients were seronegative for hepatitis B and C infection,
and other bases for their liver disease had been excluded by
appropriate tests.
Clinical and laboratory features of all the Italian and
North American patients at baseline are shown in Table 1.
Our study had been approved by the Institutional Review
Boards of the University of Bologna and Mayo Clinic.

Table 1 Clinical and biochemical parameters of the studied groups
at baseline
Features

Italian type 1
AIH (57 patients)

Gender (m/f)
Age (yr)
AST (×UNL)

Italian type 2
AIH (17 patients)

7/50
38 (15–76)
10.9 (0.5–56)

2/15
18 (8–34)
4.7 (1.5–5.1)

North American
type 1 AIH
(149 patients)
27/122
47 (13–81)
9.5 (0.5–66)

ALP (×UNL)

1.1 (0.2–4.56)

1.5 (0.6–4.4)

Bilirubin (mg/dL)

1.3 (0.2–26)

3.8 (0.9–4.3)

1.9 (0.3–29)

Albumin (g/L)

37 (24–46)

40 (19–48)

32 (15–42)

-Globulin (g/L)

23 (10–59)

22 (13–48)

29 (4–62)

IgG (mg/dL)

0.91 (0.6–6)

2 592 (1 260–6 948) 2 600 (1 530–4 212) 2 460 (248–7 200)

IgA (mg/dL)

301 (40–963)

346 (30–643)

290 (6–1 870)

IgM (mg/dL)

200 (75–597)

307 (150–577)

228 (28–1 400)

ANA positivity

34 (60%)

0

113 (76%)

SMA positivity

44 (77%)

0

111 (74%)

LKM1 positivity

0

16 (94%)

LC1 positivity

0

4 (23%)

0
Not tested

Data are shown as the median value (range). AST: serum aspartate
aminotransferase level. ALP: serum alkaline phosphatase level. ANA: anti-nuclear
antibodies. SMA: smooth muscle antibodies. LKM1: liver kidney microsome
antibodies type 1. LC1: liver cytosol antibodies.

Italian control population
Three hundred and seventy-two Italian blood donors were
tested for class I HLA (A and B loci), and 250 were tested
for class II HLA (DR and DQ loci) by standard microlymphocytotoxicity and polymerase chain reaction, as previously
described[25]. Class I HLA within the C locus were determined in
350 blood donors by standard microlymphocytotoxicity[26].
All Italian patients and controls were tested at Laboratory
of Genetics, S.Orsola-Malpighi, University of Bologna,
Bologna, Italy.

1864

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

North American control population
One hundred and two Caucasoid blood donors at the Mayo
Clinic constituted the control population from North
America. Ninety-eight subjects (96%) were tested for class
I HLA (A and B loci) by standard microlymphocytotoxicity,
and 102 subjects were tested for class II HLA (DR and
DQ loci) by polymerase chain reaction and sequence specific
primers (PCR-SSP), as reported previously[5,6]. The normal
subjects resided in Olmsted County, MN, and their
ethnicity was similar to that of the North American patient
populations with type 1 AIH. All North American patients
and controls were tested at the Centre for Liver Research,
University of Newcastle, Newcastle, UK.
Class I and II HLA determinations in patient groups
Class I HLA (A, B and C loci) were determined in all Italian
patients by the standard microlymphocytotoxicity assay[26]
using a panel of antisera from the 11 th International
Histocompatibility Workshop and several commercial
antisera (Onelambda Inc., Los Angeles, CA). Class I HLA
(A and B loci) were determined in 147 of the 149 North
American patients with type 1 AIH (99%) by this standard
technique[26,27].
Class II HLA (DR and DQ loci) were determined in all
Italian patients by the standard microlymphocytotoxicity
assay[26]. All samples positive for HLA DR5 and DR6 by
the serological technique underwent DNA typing by PCRSSP to split them into DR11 and DR12 (DR5) and DR13
and DR14 (DR6).
Class II HLA were determined in all 149 North American
patients with type 1 AIH by PCR-SSP[5].
Statistical analysis
The Fisher’s exact probability test was used to compare
dichomotous variables. HLA B8, C7, DR3, DR4, DR7,
DR11, DR13, DQ2 and the B8-DR3-DQ2 phenotype are
known risk factors for AIH, and only the frequencies of
these markers were analyzed in our study populations.
Because the variables for comparison had been formulated
a priori and then assessed systematically in our study groups,
an uncorrected P value of 0.05 was used to determine
statistical significance. The t-test with Welch’s correction
was used for the comparison of continuous variables.

RESULTS
Class I and II HLA in Italian patients with AIH and Italian normal
subjects
HLA B8 (32% vs 10%, P<0.0001) and HLA C7 (51% vs
20%, P<0.0001) were significantly more frequent in Italian
patients with type 1 AIH than in the Italian control
population. HLA B8 and HLA C7, however, were similarly
detected in Italian patients with type 1 and type 2 AIH
(Table 2).
HLA DR3 occurred more commonly in Italian patients
with type 1 AIH (30% vs 13%, P = 0.004) and type 2 AIH
(29% vs 13%, P = 0.07) than in the Italian control subjects.
In patients with type 2 AIH, however, this difference was
not statistically significant.
HLA DR4 occurred as commonly in Italian patients
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with type 1 AIH (23%) or type 2 AIH (23%) as in Italian
control subjects (16%). Furthermore, the frequency of HLA
DR4 did not differ significantly in all three groups when
only the patients and control subjects who were negative
for HLA DR3 were analyzed.
HLA DR7 was detected more frequently in Italian
patients with type 2 (35%) than in those with type 1 AIH
(16%) and in the Italian control subjects (29%), but the small
number of patients with type 2 AIH limited the statistical analysis.
HLA DR11 was less frequently present in Italian patients
with type 1 AIH (17% vs 35%, P = 0.01) than in Italian
control subjects, whereas B8-DR3-DQ2 occurred more
commonly in Italian patients with type 1 AIH than in the
Italian control population (30% vs 7%, P<0.0001). B8-DR3DQ2 was detected more often in Italian patients with type 1
AIH than in those with type 2 AIH (30% vs 12%, P = 0.2),
but the difference did not reach statistical significance.
The only biochemical feature characteristic of the Italian
patients with type 1 AIH and HLA DR3 was the higher
serum levels of alanine aminotransferase at baseline
(764±580 UI/L vs 440±376 UI/L, P = 0.03), whereas all the
other biochemical and clinical parameters were indistinguishable.
Comparison of Italian and North American patients with AIH
and normal populations
Patients with type 1 AIH from North America had a
significantly higher frequency of HLA B8 (49% vs 32%,
P = 0.02), HLA DR3 (52% vs 30%, P = 0.005) and HLA
DR4 (43% vs 23%, P = 0.01) than those from Italy, and
the B8-DR3-DQ2 phenotype was more commonly present
(48% vs 30%, P = 0.03); in contrast patients with type 1
AIH from Italy significantly more often had the HLA DR11
allele (18% vs 7%, P = 0.01) than those from North America
(Table 3).
The normal subjects from North America, in contrast
with the Italian normal subjects, had a significantly greater
frequency of the HLA B8 (20% vs 10%, P = 0.009), HLA
DR4 (34% vs 16%, P = 0.0003) and B8-DR3-DQ2
phenotype (15% vs 7%, P = 0.01). In contrast, the Italian
control population more commonly had HLA DR11 (35%
vs 12%, P = 0.000007). No differences were found in HLA
DR3, DR7, DR13, DQ2 frequencies between Italian and
North American controls.

Table 2 Comparison of class I and class II HLA in Italian patients
and controls (n, %)
HLA
B8
C7
DR3
DR4
DR7
DR11
DR13
DQ2
B8–DR3–DQ2

Type 1 AIH Type 2 AIH Controls
(57 cases) (17 cases) (250 BD)
18 (32)
29 (51)
17 (30)
13 (23)
9 (16)
10 (17)
15 (26)
30 (53)
17/57 (30)

3 (18)
7 (41)
5 (29)
4 (23)
6 (35)
7 (41)
1 (6)
9 (53)
2 (12)

1

38 (10)
70 (20)
32 (13)
41 (16)
72 (29)
87 (35)
65 (23)
75 (30)
3
23 (7)
2

PI
<0.0001
<0.0001
0.004
NS
NS
0.01
NS
<0.0001
<0.0001

PII

PIII

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

Test used: Fisher’s exact test. AIH: autoimmune hepatitis. BD: blood donors. PI:
type 1 AIH vs controls, PII: type 2 AIH vs controls, PIII: type 1 AIH vs type 2 AIH.
1
Evaluated on a sample of 372 controls. 2Evaluated on a sample of 350 controls.
3
Evaluated on a sample of 337 controls.
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Table 3 Comparison between Italian and North American AIH patients
HLA

Italian type 1
AIH (57 cases)

North American type 1
AIH (n = 149)

18 (32)a
17 (30)a
13 (23)a
9 (16)
10 (18)a
15 (26)
30 (53)
17 (30)a

73 (49)a
77 (52)a
64 (43)a
23 (15)
11 (7)a,c
24 (16)
84 (57)
70 (48)a,c

B8
DR3
DR4
DR7
DR11
DR13
DQ2
B8–DR3–DQ2
a

Italian type 2
AIH (17 cases)
3 (18)a
5 (29)
4 (23)
6 (35)
7 (41)c
1 (6)
9 (53)
2 (12)c

P<0.05, cP<0.005. Evaluation on a sample of 146 patients.

DISCUSSION
Several studies analyzed the predisposing role of class I
and class II HLA in the development of AIH, especially
in North America and northern Europe[3-6,13,28,29], but only
a few focused on AIH patients born in the Mediterranean
area. Our study is the first to assess the possible role of
known susceptibility factors for AIH in Italian patients, who
are compared with a well-defined pathological and normal
population from North America. We are therefore in the
unique position to assess the regional/geographical basis
for differences in disease susceptibility. In keeping with
previous reports[3,6,29], our study shows that the B8-DR3DQ2 phenotype is significantly more frequent in Italian
patients with type 1 AIH, while HLA DR4, a secondary but
independent risk factor for AIH in North America and
northern Europe, was not associated with type 1 or type 2
AIH in Italy; interestingly, in Italy it is detected less often
than in North American patients with type 1 AIH. In Italy
the association between AIH and HLA DR4 is absent even
if the analysis is restricted to HLA DR3-negative AIH
patients. Furthermore, HLA DR4 occurred less commonly
in the Italian control subjects than in North American
normal population. This finding marks the most important
HLA/genetic difference between Italian and North
American patients with type 1 AIH, and it suggests that
susceptibility to AIH in Italy is associated with etiologic
factors or triggering events that may be region-specific,
possibly favored by the HLA DR3 allele. The Italian genetic
background appears to be the opposite to that described in
Japan, where the HLA DR4, but not the HLA DR3, is the
main susceptibility factor for AIH[8,30].
North American patients with type 1 AIH are different
from Italian patients with type 1 AIH due to their higher
frequencies of HLA DR3 and B8-DR3-DQ2 phenotype;
these differences were also evident when North American
controls were compared to Italian normal subjects. These
findings indicate that HLA DR3 and B8-DR3-DQ2, the
main genetic risk factors for AIH in North America, are
less common in Italy. This finding suggests that the
susceptibility to AIH in Italy is genetically different than in
North America, and that other genetic or etiologic factors
are possibly involved.
Among Italian patients the finding of a significant
association between HLA C7 and type 1 AIH is not surprising,
since HLA C7 is in linkage disequilibrium with B8-DR3,
and Strettell and co-workers[31] have already described such
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an association in Caucasoid patients with AIH. HLA C7
helps natural killer cells in target recognition[32,33], therefore
its potential role in the pathogenesis of AIH requires further
studies.
Our findings support the notion that B8-C7-DR3-DQ2
is the extended haplotype of Italian patients with type 1
AIH.
Furthermore, the HLA DR11 allele was found than in
controls in Italiar type 1 AIH patients, an observation consistent
with a recent report by Invernizzi et al [14], in a series of
Italian patients with PBC, where a possible protective role
of HLA DR11 has been hypothesized; given the same
origin and genetic background of patients and controls, it is
tempting to extend the possible protective significance of
HLA DR11 to the full spectrum of autoimmune liver
diseases, including AIH, at least in the Italian population.
From the clinical standpoint, the observation that HLA
DR3-positive Italian patients with type 1 AIH had higher
ALT serum levels supports the notion that genetic factors
could affect not only the occurrence of the disease, but
also its clinical severity/expression[5,15].
Italian patients with type 1 and type 2 AIH had a similar
HLA profile: HLA DR3, DQ2 and DR7 occurred with the
same frequency in both groups. Such an observation
suggests that type 1 and type 2 AIH are one and the same
disease, even if marked by different serological findings.
The significance of the statistical comparisons, however, is
limited by the small number of Italian patients with type 2
AIH. Lenzi and colleagues reported an increased frequency
of HLA DR3 in a mixed population of Italian and British
patients with type 2 AIH, and Jurado and co-workers[18]
showed higher frequencies of HLA DR3 and DQ2 (with
only the latter frequency being statistically significant) in
Spanish patients with type 2 AIH. Other reports from
Germany[16] and Brazil[17] pointed to HLA DR7 as a risk
factor. The intriguing hypothesis of a common genetic
background for both types of AIH in Italian patients should
be tested with a larger series of patients.
In summary, HLA B8-DR3-DQ2 is associated with type
1 AIH in Italian and North American patients, but this
phenotype occurs less commonly in Italian patients and
Italian normal subjects than in North American counterparts.
HLA DR4 is not associated with type 1 AIH in Italian
patients, since this also occurs less commonly in the Italian
than in the North American normal population. This finding
represents the main difference in the HLA profile between
Italian and North American patients and normal controls.
HLA DR11 appears to be a specific protective factor against
autoimmune liver disease, and particularly type 1 AIH, at
least in Italy. Italian patients with type 1 and type 2 AIH
seem to have a similar genetic background, but a larger
number of patients should be analyzed to reach firm
conclusions. Differences in the occurrence of HLA alleles
between Italian and North American patients and normal
subjects may affect the frequency of the disease.
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Abstract
AIM: Genetic polymorphisms of drug-metabolizing enzymes
have recently been shown to affect susceptibility to
chemical carcinogenesis. Cytochrome P450 2E1 (CYP2E1)
enzyme catalyzes the metabolism of many procarcinogens,
such as N-nitrosamines and related compounds. The gene
coding for this enzyme is polymorphic and thus may play
a role in gastric cardia cancer (GCC) etiology. In this
hospital-based case-control study, we evaluate the
relationship between genetic polymorphisms of CYP2E1
and the risk of GCC.
METHODS: The study subjects comprised 159 histologically
confirmed GCC cases identified via hospital cancer registry
and surgical records at five hospitals in Fuzhou, Fujian
Province, China, between April and November 2001.
Controls were 192 patients admitted to the same hospitals
for nonmalignant conditions. The genotypes of CYP2E1
were detected by a PCR-based RFLP assay. The odds
ratios were estimated by logistic regression analyses and
were adjusted for potential confounding factors.
RESULTS: The distribution of three genotypes of CYP2E1
in GCC cases and controls was significantly different
(2 = 16.04, P<0.01). The frequency of the CYP2E1 (c1/c1)
genotype in GCC cases and controls was 60.4% and 40.1%,
respectively. The CYP2E1 (c1/c1) genotype was associated
with an increased risk for GCC (the adjusted (OR) was
2.37, 95% confidence interval (CI): 1.52-3.70). Subjects
who carried the CYP2E1 ( c1/c1) genotype and were
habitual smokers were at a significantly higher risk of
developing GCC (OR = 4.68, 95%CI: 2.19-10.04) compared
with those who had the CYP2E1 (c1/c2 or c2/c2) genotype
and did not smoke.
CONCLUSION: These results suggest that the CYP2E1
genotype may influence individual susceptibility to

development of GCC, and that the risk increases significantly
in smokers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cardia cancer (GCC) has shown a rapid increase in
incidence in many developed countries in the last 20 years [1-5].
Despite a steady fall in incidence of non-cardia cancer,
gastric cancer remains a significant cause of mortality and
morbidity worldwide[6,7]. Epidemiological studies have reported
that exposure to N-nitrosamines and related compounds may
be important factors for gastric carcinogenesis [8-11].
Environmental chemical carcinogens require metabolic
activation by host enzymes[12-15]. CYP2E1 is of critical
importance in the metabolic activation of many lowmolecular-weight carcinogens, including N-nitrosamines[16].
The gene coding for this enzyme is polymorphic and thus
may also be involved in this process[17,18]. Several studies
described significant associations between CYP2E1
polymorphisms and the incidences of human cancer, e.g.,
in esophageal cancer [19] , lung cancer [20], nasopharyngeal
carcinoma[21] and colorectal cancer[22-24]. In contrast, other
studies showed no association[25-27]. To date there have been
no studies on the relationship of this genotype to GCC
risk[28]. We hypothesized that if N-nitroso compounds play
a role in GCC, and smoking is a significant source of
exposure for these compounds, then the polymorphisms
may be associated with this disease and may modify the
association of smoking with GCC. In the present study, we
evaluated the possible relevance of Cytochrome P4502E1
polymorphisms to GCC.
MATERIALS AND METHODS
Study subjects
The cardia cancer group (n = 159) consists of all inpatients
who were diagnosed with primary cardia cancer and were
identified between April and November of 2001 from five
hospitals: First-accessory hospital of Fujian Medical University,
Xiehe hospital-affiliated Fujian Medical University, Fujian
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provincial hospital, Tumor hospital of Fujian province and
Zong hospital of Fuzhou. Frequency matched controls
(n = 192) were continuously recruited by gender and age
(±3 years) during the same period in the same hospitals,
and were confirmed to be cancer-free and with no history
of cancer. All subjects were ethnic Han Chinese and
residents of Fuzhou, Fujian province, China.
Interview
In-person interviews were conducted at the hospitals by
trained interviewers. A structured questionnaire was
composed of items such as general characteristics, personal
medical history, family cancer history, smoking and drinking
history, and dietary factors. Blood samples were collected
from each participant for genotyping.
Genotyping
DNA was extracted from the coagulated blood using
DNAzol reagent according to the manufacturer’s instructions.
Genotyping for polymorphisms of CYP2E1 (GenBank ID:
NM_000773) was detected using the PCR-RFLP technique.
PCR products were generated by using 100 ng of genomic
DNA in 25 L volume reactions containing 10 mmol/L
Tris–HCL (pH 8.3), 50 mmol/L KCL, 2.0 mmol/L
MgCl2, 0.2 mmol/L each dNTP, 0.25 mol/L each outer
oligonucleotide primer (forward, 5’-CCAGTCGAGTCTACATTGTCA-3’; reverse, 5’-AGACCTCCACATTGACTAGC-3’) and 1.5 U Taq DNA polymerase. The PCR
amplification consisted of an initial 5-min incubation at
94 ℃, followed by 35 cycles of denaturing at 94 ℃ for
30 s and annealing at 58 ℃ for 30 s, with an extension at
72 ℃ for 1 min. The reaction was terminated after a final
extension of 10 min at 72 ℃. The PCR-amplified DNA
fragments including the polymorphic site were digested
with the restriction enzymes PstI at 37 ℃ overnight, and
subjected to electrophoresis on 2.0% agarose gel containing
0.5 g/mL ethidium bromide for visualization under UV
light[29]. A combination of 435- and 118-bp fragments
represented c2/c2 genotype; a combination of 553-, 435and 118-bp fragments represented c1/c2; only a 553-bp
fragment represented c1/c1. To ensure quality control,
genotyping was performed with blinding to case-control
status.

Table 1 Select characteristics of cardia cancer cases (n = 159) and
controls (n = 192)
Cases

Controls

Variable
n

(%)

n

(%)

≤59

62

39.0

93

48.4

60–69

61

38.4

60

31.3

≥70

36

22.6

39

20.3

P
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Statistical analysis
2 were used to evaluate case-control differences in the
distribution of genotypes. Unconditional logistic regression
was used to estimate the odds ratios and 95%CI, and were
adjusted for potential confounding factors.

RESULTS
The relevant characteristics of the study subjects are shown
in Table 1. Eighty-one percent of cases and 72.9% of
controls were male. The distribution of age and gender
among cases and controls were not statistically different.
GCC cases (59.7%) had a higher proportion of low educational
level than controls (46.4%). Detailed results for GCC risk
factors in this study have been published elsewhere.
The overall genotype frequencies for c1/c2, c2/c2, and
c1/c1 of CYP2E1 were 47.58% (157/351), 3.13% (11/351),
and 49.29% (173/351), respectively. The frequency of the
C1 and C2 alleles in the control group was 68% and 31%,
respectively. As shown in Table 2, 60.4% (n = 96) of cases
and 40.1% (n = 77) of controls had the c1/c1 genotype.
The frequency of the CYP2E1 c1/c1 genotype was
significantly different between the GCC cases and the
controls (2 = 16.04, P<0.01), and the risk for the c1/c1
homozygous subjects to have GCC is three-fold times
greater than it is for the c2/c2 homozygous and c1/c2
heterozygous subjects (OR = 2.37, 95%CI: 1.52-3.70).
Of all subjects, 57.2% (91/159) of cases and 43.8%
(84/192) of controls were smokers (OR = 1.58, 95%CI:
0.96-2.61). To further explore the relationship of smoking,
CYP2E1 polymorphisms and GCC, we performed an
analysis of association between smoking and the CYP2E1
genotype, separately in cases and controls. Table 3 presents
the joint effects on GCC. The proportion of smokers
with the CYP2E1 c1/c1 genotype was significantly higher
in patients with GCC (61/159, 38.36%) than in the
controls (24/192, 12.50%). The greatly elevated risk
associated with smoking was observed in the CYP2E1
c1/c1 genotype group (taking non-smokers with the c1/c2
or c2/c2 genotype as the reference group). Cigarette
smoking in subjects with the c1/c1 genotype was associated
with a four-fold higher risk (OR = 3.94, 95%CI: 1.60-9.67)
compared to their non-smoking counterparts. There was
an increasing trend in ORs with the number of cigarettes
smoked per day (OR: 2.59 for <20 cigarettes a day; OR:
4.17 for ≥20 cigarettes a day). The strongest association
with the GCC risk (OR = 8.44, 95%CI: 2.58-27.59) was
observed among individuals carrying the CYP2E1 c1/c1
genotype and having a long history of smoking (≥30 years),
even after adjustment for potential confounding factors.

Age (yr)

Table 2 Association of CYP2E1 polymorphisms with cardia cancer
risk
0.196

Sex
Female
Male

Cases

Controls

CYP2E1
30

18.9

52

27.1

129

81.1

140

72.9

0.070

Education (yr)
<12

95

59.7

89

46.4

≥12

64

40.3

103

53.6

0.012

N

%

N

%

C1/c2

57

35.8

110

57.3

C2/c2

6

3.8

5

2.6

C1/c1

96

60.4

77

40.1

1

OR (95%CI) 1
1.0
2.37 (1.52-3.70)

Adjusted for age (continuous), gender and educational level. 2 = 16.04, bP<0.01.
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Table 3 Associations of cardia cancer risk with joint distribution of CYP2E1 genotypes and smoking status
Cases
Smoking status

Controls
OR (95%CI) 1

CYP2E1
n

%

OR (95%CI)2

%

n

Smoking
Never

c1/c2 or c2/c2

33

20.75

55

28.65

1

1

Ever
Ever

C1/c1
c1/c2 or c2/c2

35
30

22.01
18.87

53
60

27.60
31.25

1.05 (0.56–1.99)
0.85 (0.40–1.78)

1.03 (0.52–2.06)
0.91 (0.39–2.14)

Ever

C1/c1

61

38.36

24

12.50

4.68 (2.19–10.04)

3.94 (1.60–9.67)

1–19
1–19

c1/c2 or c2/c2
C1/c1

8
9

5.03
5.66

15
6

7.81
3.13

0.81 (0.27–2.39)
2.99 (0.88–10.19)

0.62 (0.18–2.16)
2.59 (0.54–12.45)

≥20

c1/c2 or c2/c2

22

13.84

45

23.44

0.90 (0.41–1.98)

1.04 (0.41–2.67)

≥20

C1/c1

52

32.70

18

9.38

5.34 (2.38–11.95)

4.17 (1.63–10.63)

Daily consumed cigarettes

Smoking duration (yr)
1–29

c1/c2 or c2/c2

10

6.29

25

13.02

0.71 (0.27–1.87)

0.82 (0.27–2.49)

1–29

C1/c1

19

11.95

18

9.38

2.10 (0.85–5.21)

1.99 (0.61–6.49)

≥30

c1/c2 or c2/c2

20

12.58

35

18.23

1.10 (0.47–2.57)

1.00 (0.37–2.69)

≥30

C1/c1

42

26.42

6

3.13

13.32 (4.50–39.45)

8.44 (2.58–27.59)

1
Odds ratios adjusted for age (continuous), gender and educational level. 2Odds ratios adjusted for age (continuous), gender, educational level, family cancer
history, vegetables and fruit consumption, picked and salted food consumption, alcohol consumption, and refrigerator use.

DISCUSSION
Gastric cancer is a common cancer in China as well as the
rest of the world. Epidemiological studies have shown an
association between nitrosamine exposure and increased risk
of gastric cancer[30] . Besides diet, exogenous exposure to
nitrosamines can occur through use of tobacco products [31,32].
Recently, several studies have found a higher relative risk
of smoking for GCC[33-35]. A new prospective study found
that the relative risk of current smokers was 2.4 for cardia
cancer and 1.7 for all sites[36,37]. In our previous report, we
found an elevated risk of gastric cancer with smoking habit,
more distinct with the GCC than non-GCC.
Gastric carcinogenesis is a multistep process in which
genetic and environmental factors interact in the development
of cancer. Interindividual genetic differences in susceptibility
to chemical carcinogens are among the most important host
factors in human cancer[38-40].
It has been proposed that various host factors affect
susceptibility to cancer, even following the same exposure
to environmental carcinogenic factors[41-43]. CYP2E1 is one
of the main enzymes for bioactivation of tobacco-related
substances, and its polymorphisms may be associated with
or be risk factors for various forms of cancers[44-46].
Our present data demonstrate that individuals carrying
the CYP2E1 c1/c1 genotype were at increased risk for GCC.
Moreover, subjects who carry this genotype and have a
history of heavy cigarette smoking were at markedly greater
increased risk (more than four-fold) for GCC. These results
suggested that the interaction of the CYP2E1 polymorphism
with smoking has a great influence on susceptibility to GCC.
To our knowledge, this is the first study to examine the
association of CYP2E1 polymorphisms with GCC.
The development of GCC may be associated with Nnitroso compound exposures. Tobacco smoke contains
hundreds of known and probable human carcinogens[47] .
Specific chemicals in tobacco smoke include polycyclic
aromatic hydrocarbons (PAHs), N-nitrosamines, aromatic
amines and others[48,49]. A critical review summarizing data
for tobacco constituents proposed that tobacco-specific

nitrosamines and PAHs are classes of compounds that mostly
affect human cancer risk [50,51]. Nitrosamines require
metabolic activation by cytochrome P450 enzymes before
they bind to DNA, initiating the carcinogenic process[52] .
Evidence exists that carcinogen-DNA adduct levels are
affected by genetic predispositions. Studies indicate that
carcinogen-DNA adducts are related to cancer risk [53].
Smoking-related DNA adducts have been detected in
human gastric cancer of smokers. CYP2E1 is a keyactivating enzyme because it catalyzes the -hydroxylation
of many nitrosamines. Its activity shows significant
interindividual variation, due in part to inherited alterations
of the structural gene[54].
The frequency of the c1/c1 genotype among controls
in this study is similar to previously published estimates in
Chinese populations. Tan et al [55], studied 150 cases with
esophageal cancer, 146 cases with esophageal dysplasia, and
150 normal controls in Linxian, China and found that the
distribution of CYP2E1 c1/c1 allele frequency was significantly
different between controls (44.0%) and cases with cancer
(71.3%) or cases with dysplasia (70.6%).
In conclusion, the present case-control study suggested
that the individuals carrying the CYP2E1 c1/c1 genotype
have a higher risk for GCC. The CYP2E1 c1/c1 genotype
is considered as one of the possible susceptibility genes,
and the risk increases significantly in smokers. Because of
the limited number of subjects, this study does not have
appropriate power to detect the interaction between smoking
and other factors. Further studies are required to clarify
the relationship between CYP2E1 and GCC susceptibility.
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Abstract
AIM: This prospective study evaluated the effectiveness
of 90 W argon plasma coagulation (APC) for the ablation
of Barrett’s esophagus (BE) that is considered to be the
main risk factor for the development of esophageal
adenocarcinoma.

RESULTS: The ablation treatment was completed in all
the patients but one (96%). The mean number of APC
sessions needed to complete ablation was 1.6 (total
number: 40). The eradication was obtained in the majority
of cases by one session only (60%), two sessions were
required in 24% of the cases and three or more in 16%.
About 43% of the sessions were complicated. Retrosternal
pain (22.5%) and fever (17.5%) were the most frequent
symptoms. Only one major complication occurred, it was
an hemorrhage due to ulcer formation on the treated
esophagus that required urgent endoscopic sclerosis and
admission. The follow-up was accomplished in all the
patients with a mean period of 26.3 mo and 20 patients
(84%) with a follow-up period longer than 24 mo. Only one
patient showed a relapse of metaplastic mucosa 12 mo
after the completion of ablation. The patient was hence
re-treated and now is free from recurrence 33 mo later.

INTRODUCTION
While the incidence of the adenocarcinoma of the distal
esophagus and gastric cardia is rising rapidly[1], long-term
prognosis of surgically treated patients remains poor[2,3]. The
principal risk factor for the development of esophageal
adenocarcinoma is Barrett’s esophagus (BE). Although the
exact estimation of this hazard has not been assessed yet, it
is estimated that BE leads to an increased risk of 30-125 times
compared to the general population[4,5] . Many questions
remain regarding the best management of BE, since routine
endoscopic follow-up is not definitely accepted[6,7] and
medical therapies as well as anti-reflux surgery have not
proven to induce the regression of BE[8,9].
Argon plasma coagulation (APC) is one of the several
endoscopic approaches that have been proposed in order
to reverse BE and to induce squamous re-epithelialization.
This technique allows to ablate large areas of specialized
intestinal metaplasia with a limited depth of injury that
minimizes the risk of stricture and perforation. Conversely,
the chance of having isolated microfoci of metaplastic
mucosa beneath the new squamous epithelium points out
the importance of eliminating the totality of BE[10]. Although
APC has been reported in many series with different power
settings (30-60 W), few studies reported high level of energy
(70-90 W)[11,12].
The aim of this prospective study was to evaluate the
effectiveness of 90 W APC for the ablation of BE.

CONCLUSION: High power setting (90 W) APC showed
to be safe and effective. The effects persist at a mean
follow-up period of two years with a comparable cost in
term of complications with respect to standard power
settings. Further studies with greater number of patients
are required to confirm these results and to assess if
ablation reduces the incidence of malignant progression.

MATERIALS AND METHODS
Study population
The study includes 25 patients observed at the First
Department of General Surgery, University of Verona, Italy,
between October 2000 and October 2003 who underwent
APC for histologically proven BE.

METHODS: The results from 25 patients, observed at
the First Department of General Surgery, University of
Verona, Italy, from October 2000 to October 2003, who
underwent APC for histologically proven BE were
prospectively analyzed.
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Definition and inclusion criteria
BE was diagnosed if specialized intestinal metaplasia was
observed in biopsy specimens obtained from the tubular
esophagus above the gastro-esophageal junction. Longsegment BE was defined as the occurrence of intestinal
metaplasia extending more than 3 cm in length from the
gastro-esophageal junction. Short-segment BE was
considered when the columnar lining was less than 3 cm[13].
The most important inclusion criteria were: histologically
proven BE, age ranging from 18 to 75 years old, possibility
of follow-up with a life expectancy longer than 5 years,
informed consent, absence of previous malignancies or
intercurrent diseases precluding the prognosis under study.
Patients with low grade dysplasia were included while no
patient underwent APC for high grade dysplasia.
Endoscopy and biopsy protocol
A baseline endoscopic examination was performed in all
the cases with a Pentax EG endoscope (series 2 901-2 940)
to allow precise measurement of the BE segment length
and to classify it according to the presence of tongues (type I),
islands (type II) or circumferential (type III) metaplastic
mucosa.
Gastro-esophageal junction was defined by the end of
the tubular esophagus or, in the presence of hiatal hernia,
by the proximal extent of the gastric rugal folds. The length
of BE was routinely evaluated considering the distance from
the incisors on the basis of markings on the endoscope
shaft while the endoscope was being withdrawn. Four 7-mm
biopsy specimens were taken every 2 cm of BE segment.
Further four biopsy specimens were taken just over the
proximal margin of BE and four just below the GEJ.
Additionally, specific biopsies were taken on any mucosal
abnormality[14].
Ablation technique
APC was carried out as a day-case procedure under intravenous
sedation with midazolam in all the cases. Heart rate, blood
pressure and pulse oximetry were routinely monitored.
Ablation was performed using the ERBE ‘Argon Beamer
2’ device (ERBE Electromedizin, Tübingen, Germany) with
a power setting of 90 W and a gas flow of 2 L/min. After
esophageal intubation the APC probe was moved forward
for 1 cm from the endoscope and positioned at 1-2 mm
from the mucosa. A longitudinal strip was ablated starting
from the gastro-esophageal junction withdrawing the
endoscope till the end of BE. The procedure was then
repeated on the adjacent mucosa. When the length of BE
was longer than 4 cm, its ablation was carried out in two or
more sessions. Any remaining islets of metaplastic mucosa
were treated in a final procedure.
No post-operative blood or instrumental examinations
were routinely performed. A tepid semiliquid diet was
advised on the day of intervention, while no particular
dietetic restrictions (except usual GERD rules) were
prescribed for the following days. All patients were
established on high dose PPI regimens (pantoprazole or
esomeprazole 40 mg×2) starting one week before the
planned treatment and continuing till the confirmation of
the complete ablation of the BE (usually one month).
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Thereafter prolonged medical therapy with standard PPI
doses (pantoprazole or esomeprazole 20 mg) was recommended
in any case except one who had undergone previous antireflux surgery.
Follow-up
After the completion of APC treatment and the complete
BE eradication, confirmed histologically at one month, the
patients were followed up at 6 mo, at 1 and 2 years and
thereafter at two-year intervals. The follow-up protocol
requires endoscopic examination as previously described
and multiple 7-mm biopsy specimens taken according to
the four quadrant technique considering the previously
assessed length of metaplastic mucosa.

RESULTS
Patients’ clinical characteristics are shown in Table 1. Twentyfive patients underwent APC, 11 had a long-segment BE
while in 14 the length of metaplastic mucosa was inferior
to 3 cm. The mean BE length was 34 mm (median 25 mm,
range 10-130 mm). Among the 25 patients only 3 cases had
a previous histological diagnosis of low grade dysplasia.
Data on APC treatment are available in Table 2. The
ablation treatment was completed in all the patients but one

Table 1 Clinical characteristics of the 25 patients 1
APC treatment
Age (yr)2

61.7 (34–74)

Male:Female

18:7

Presence of GERD symptoms
Presence of hiatal hernia

15 (60)
24 (96)

Length of BE (mm)2

34 (10–130)

Short-segment BE

14 (56)

Long-segment BE
Type of BE

11 (44)

Type I

13 (52)

Type II

4 (16)

Type III
Presence of low grade dysplasia
1

8 (32)
3 (12)

Number represented in parenthesis are percentages. 2Mean (range).

Table 2 Results of ablation treatment in the 25 patients 1
APC treatment
Treatment completed

24 (96)

No. of APC sessions2

1.6 (40)

Single
Two
Three or more
Treatment-related morbidity3

15 (60)
6 (24)
4 (16)
17 (42.5)

Retrosternal pain

9 (22.5)

Fever

7 (17.5)

Dysphagia

2 (5)

Ulcer formation4
Eradication completed

2 (5)
23 (92)

1
Number represented in parenthesis are percentages. 2Mean (total). 3Morbidity
was calculated on the total number of treatment sessions. 4In one case, ulcer

formation was a cause of severe hemorrhage that required admission and
endoscopic sclerosis.
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(96%). This was the longest BE, measuring 130 mm, and
its treatment was stopped after the fourth APC session
without achieving the complete eradication because of
voluntary withdrawal of the patient. The total number of
treatment sessions was 40 with a mean number of 1.6. If the
case just described were excluded, none of the patients required
more than three APC sessions. Three sessions were necessary
in 3 patients, two sessions in 6, while complete eradication
of BE was obtained by a single session in 15 cases (60%).
The post-operative course was uneventful in 11 out of
the 25 patients (44%) and in 23 out of 40 treatment sessions
(57.5%). The most frequent side effects were retrosternal
pain (22.5%) and fever (17.5%). Retrosternal pain was well
controlled by medical therapy in all the cases, while fever
never exceeded 38 ℃. Two cases suffered from temporary
dysphagia that resolved without any adjunctive treatment.
Ulcer formation was observed in two cases, one of which
needed urgent endoscopic sclerosis and re-admission for
severe hemorrhage 7 d after the second APC session. The
subsequent recovery was uneventful and the patient was
discharged after three days without any blood transfusion.
None of the patients was lost to follow-up with an
overall mean period of 26.3 mo (median 23 mo, range 945 mo). Twenty-one patients (84%) had a follow-up period
longer than 12 mo. The patient who underwent incomplete
ablation of his 130-mm BE was excluded from the
subsequent analysis. The total number of endoscopic followup examinations for the remaining 24 patients was 82 with
a mean number of 3.4 per patient (median 3 per patient,
range 2-6 per patient).
Only one case out of the 24 patients (4.2%) with a complete
regression of metaplastic mucosa showed a relapse of BE.
This was the first treated patient who recurred one year
after the completion of the treatment of a long-segment
BE (35 mm). A further APC session was hence performed
and, at the moment, there is no evidence of intestinal
metaplasia after 33 mo.

DISCUSSION
Epidemiological studies clearly indicate that there has been
a rising prevalence of adenocarcinoma of the distal esophagus
and gastro-esophageal junction not only in United States
and Western Europe[1,15] but also in some Oriental regions[16].
BE is considered the strongest risk factor for esophageal
adenocarcinoma, but an association with cardia cancer is
also reported[17]. Long as well as short-segment BE seem to
be related to this risk and are hence managed similarly[17] .
The exact hazard assessment has not been calculated yet
and the reported increase of 30-125 times[4,5] is perhaps
overestimated[18].
Many questions remain regarding the best management
of BE, since the efficacy of routine endoscopic follow-up
has not been clearly demonstrated[6,7] and medical therapies
as well as anti-reflux surgery have not proven to induce
regression of BE[8,9].
In the attempt to reduce the risk for esophageal
adenocarcinoma several endoscopic ablative treatments
such as Nd-YAG laser, multipolar electrocoagulation,
photodynamic therapy and APC[19] have been proposed in
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order to induce squamous re-epithelialization of BE. One
of the most popular treatments is APC, a technique that
involves the application of a high frequency current carried
to the tissue through a flow of ionized argon gas that allows to
ablate metaplastic mucosa with a limited depth of injury[20].
It has been estimated that the depth of injury necessary to
completely eradicate the metaplastic mucosa is 0.6 mm[21]
and this is obtained by APC. Many studies analyzed APC
with power settings of 30-60 W, but few studies reported
higher level of energy (70-90 W)[12,13] . The need of an
increase in the power setting of APC is due to the concern
of residual nests of metaplastic mucosa beneath the neosquamous epithelium[10] that maintains the possibility to
progress to cancer[22].
Vargo[23] reviewed 10 case series totaling 304 cases with
a power setting of 30-90 W and reported a complete
macroscopic eradication of BE in 82.6% of the cases. But
the described rate of microscopic foci of BE underlying
the new squamous epithelium overwhelmed 50%. In our
experience the treatment was completed in 24 out of the
25 patients (96%). The treatment of the longest segment
BE (130 mm) was dropped out for voluntary withdrawal
of the patient after four sessions. In this case, less than
half of the metaplastic mucosa was ablated. Among the
remaining 24 patients, APC led to a complete regression of
metaplasia in all the cases. At a mean follow-up period of
26.3 mo with 84% of patients with more than one year of
follow-up, only one patient showed a histologically proven
relapse of BE (4.2%) one year after the completion of the
ablation therapy. A further APC session was hence performed
and, at the moment (33 mo later), there is no evidence of
intestinal metaplasia. Our data compare favorably with
literature results, accomplished with usual power settings[23]
and are consistent with the 98.6% reported by Pereira-Lima
who used 65-70 W[11] and with the 96.9% reported by Schulz
who used 90 W[12].
Theoretically, the use of a powered wattage leads to
an increased risk of complications such as stenosis and
perforations[11,12,19]. In our experience, 42.5% of the treatment
sessions were complicated (66% of the patients). These
percentages are similar to literature results with a lower
number of major complications[23]. As already reported the
most frequent complications were retrosternal pain (22.5%)
and fever (17.5%). Transient dysphagia as well as ulcer
formation was observed in a minority of patients (5%).
Notably, one of the two patients who developed an ulcer
on the segment of ablated esophagus suffered from
hemorrhage that required urgent endoscopic sclerosis and
re-admission one week after the treatment. No blood
transfusion was required and the patient was discharged
3 d later. No perforation or stenosis was observed in our
group of patients. Perforation is rare with an incidence
of 0.7%. Esophageal strictures are more frequent and
they are described in the range of 0-9.5%[23] with a rate of
4.3% and 9.1% reported after high power setting APC by
Schulz et al[12], and Pereira-Lima et al[11].
In conclusion, APC with high power setting (90 W)
showed to be safe and effective. The effects persist at a
mean follow-up period of two years with a comparable
cost in term of complications with respect to standard
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power settings. Long-term follow-up with a greater number
of patients is required to assess if ablation of BE can reduce
the incidence of malignant progression and if high power
setting has a role in it.
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Abstract
AIM: To value whether omeprazole could induce the
healing of DIS and regression of symptoms in patients
with DGER.
METHODS: We enrolled 15 symptomatic patients with a
pathological esophageal 24-h pH-metry and bilimetry.
Patients underwent endoscopy and biopsies were taken
from the distal esophagus. Specimens were analyzed at
histology and transmission electron microscopy (TEM).
Patients were treated with omeprazole 40 mg/d for 3 mo
and then endoscopy with biopsies was repeated. Patients
with persistent heartburn and/or with an incomplete
recovery of DIS were treated for 3 more months and
endoscopy with biopsies was performed.
RESULTS: Nine patients had a non-erosive reflux disease
at endoscopy (NERD) while 6 had erosive esophagitis
(ERD). At histology, of the 6 patients with erosive esophagitis,
5 had mild esophagitis and 1 moderate esophagitis. No
patients with NERD showed histological signs of esophagitis.
After 3 mo of therapy, 13/15 patients (86.7%, P<0.01)
showed a complete recovery of DIS and disappearance
of heartburn. Of the 2 patients treated for 3 more months,
complete recovery of DIS and heartburn were achieved
in one.
CONCLUSION: Three or 6 mo of omeprazole therapy
led to a complete regression of the ultrastructural
esophageal damage in 86.7% and in 93% of patients with
DGER, NERD and ERD respectively. The ultrastructural
recovery of the epithelium was accompanied by regression
of heartburn in all cases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is an important
public health problem. Heartburn is a high common
condition affecting up to 30% of the adults[1]. At endoscopy,
approximately 60% of patients have a non-erosive reflux
disease (NERD), 30% have erosive esophagitis and 10%
have a metaplastic columnar-lined epithelium containing
goblet cells, called Barrett’s esophagus[2-4]. Several studies
have demonstrated that severity and frequency of GERD
symptoms, typically heartburn and regurgitation, are not
predictive of the presence of esophageal lesions[5]. These
different esophageal responses to gastroesophageal reflux
are poorly understood. Although the degree of reflux
exposure may in part be responsible[6], there is considerable
overlap between the magnitude of gastroesophageal reflux,
assessed by 24-h ambulatory monitoring pH and bilimetry,
and the type and degree of esophageal damage[7].
Recently, it has been recognized at transmission electron
microscopy (TEM) a lesion in symptomatic patients with
positive 24-h pH-monitoring, with or without positive bile
testing[8]. This high sensitive and precocious sign of damage
is the presence of dilated intercellular spaces (DIS) within
the esophageal epithelium, either with erosive or non-erosive
esophagitis[8,9]. The pathophysiological significance of DIS
within esophageal epithelium in patients with erosive or nonerosive reflux disease remains partly unknown.
Esophageal exposure to gastric acid is considered the
most important factor in the pathogenesis of GERD.
Otherwise, the refluxate is often mixed with duodenal
contents but the contribution of this phenomenon to
esophageal mucosal damage is not well- known. For GERD,
omeprazole is used in DGER but the effects on duodenogastric
reflux have been reported in a few studies, which are not
conclusive and lacking of deep morphological analysis[10-13].
Aim of this study is to value whether PPI treatment will
induce, besides a regression of symptoms, an ultrastructural
modification of the esophageal epithelium both in erosive
and non erosive DGER.
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MATERIALS AND METHODS
Patients gave written informed consent to participate in the
study, which was approved by the local research ethical
committee in June 2001. The design of the study was single
blinded for the histological and ultrastructural evaluation.
Study populations
Fifteen patients (6 male) were affected by DGER as defined
by typical symptoms (recurrent episodes of heartburn or
acid regurgitation) and abnormal 24-h pH and bile testing
parameters. Patients were excluded if they: had Barrett’s
esophagus, were asymptomatic with positive pH-monitoring
parameters, were undergoing NSAID or steroids therapy,
or had peptic ulcerations, pyloric stenosis, gastric resection,
or other severe organ diseases.
General study design
After calibration, a pH electrode and Bilitec fiber-optic probe
were passed nasally and positioned 5 cm above of the lower
esophageal sphincter. Subjects were sent home with instructions
to keep a diary of symptoms, meal times, time of laying
down for sleep and time of rising in the morning[14]. A diet
was prescribed according to Barrett et al[15], with particular
attention to substances that may interfere with bilirubin
monitoring. Subjects returned the next day after 22 to 25-h
of monitoring to have the probes removed and the diary
reviewed. Several days later, an upper gastrointestinal
endoscopy was performed and 6 biopsy specimens were
taken from each patient. The biopsies were obtained from
the lower 5 cm of esophagus from normal-appearing
mucosa for histological and ultrastructural evaluation (3
biopsies respectively). After the initial assessment of
ultrastructural damage, all patients were treated with
omeprazole 40 mg once daily for 3 mo keeping a diary of
symptoms (heartburn and regurgitation). The severity of
symptoms were graded as follows: (1) mild, can be ignored
(2) moderate, cannot be ignored but does not affect lifestyle; (3) severe, affects life-style; (4) very severe, markedly
affects life-style. The score of frequency of symptoms was:
(1) less than once month; (2) once a month; (3) once a
week; (4) several times a week; (5) daily.
After 3 mo of therapy a further upper endoscopy was
performed and 6 esophageal biopsies were taken.
In patients with persistence of heartburn and/or with
an incomplete recovery of esophageal epithelium at TEM,
a further endoscopy was performed after 3 more months
of treatment with omeprazole 40 mg once daily.
Ambulatory esophageal pH monitoring
Prolonged pH-monitoring esophageal study was performed
using an antimony electrode. The pH electrode (Synectics
Med., Stockholm, Sweden) was calibrated at 37 ℃ in pH 7.01
and pH 1.07 buffer solution (Fisher Scientific, Fairlawn,
NJ) before and after completing each study. An AgCl
reference electrode was placed on the anterior chest. The
pH electrode was connected to a portable digital data
recorder (Flexilog 2000, Oakfield Instruments LTD, Witney,
UK) that stored pH data every 4 s for up to 24 h. At the
conclusion of the study, information in the data recorders
was downloaded into a PC for analysis using a Flexisoft III
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computer program (Oakfield Instruments LTD, UK).
According to Johnson’s methodology[16], gastroesophageal
reflux is considered to be for every drop in the intraesophageal
pH to less than 4.0 for at least 20 s.
Ambulatory duodenogastroesophageal reflux (DGER)
monitoring
Prolonged esophageal monitoring of DGER was performed
using a fiber-optic sensor, Bilitec 2000 (Medtronic, Düsseldorf,
Germany). The system consists of a miniaturized fiberoptic probe that carries light signals into the esophagus and
back to an optoelectronic system via a plastic fiber-optic
bundle. Two light-emitting diodes (at 470 and 565 nm)
represent the source for the measurement of bilirubin. The
portable photodiode system converts the transmitted light
into an electrical signal. After amplification, the signal is
processed by an integrate microcomputer, which calculates
the difference of the absorbances at 470 nm and 565 nm.
This value is directly proportional to the bilirubin concentration
in the sample under investigation. After conclusion of the
study all data were downloaded into a PC for analysis using
Gastrosoft 2000 (EsopHgram, Gastrosoft, Irving, TX,
USA), which calculates the average value of the absorbance
between two successively sampled values in order to reduce
noise levels in the signal. The DGER data were calculated
when the percentage time bilirubin absorbance level was
≥0.14 and analyzed separately for total time, as well as,
upright and supine periods. A value ≥0.14 was chosen
because values less than this number represent scattering
due to suspended particles and mucus present in the gastric
contents[14]. Acid and DGER were considered to be temporally
related if they occurred within one minute during the 24-h
study period.
Endoscopic evaluation
All subjects underwent an upper GI endoscopy (video
gastroscope Olympus GIF V2, Hamburg, Germany) after
sedation by IV administration of midazolam (2, 5 mg). Six
biopsies were obtained from the lower 5 cm of esophagus
from areas of macroscopically non-eroded esophageal
mucosa. The presence of esophagitis was noted and graded
according to the Los Angeles Classification[17].
Histologic evaluation
Three specimens from each patient were fixed in formalin
immediately after endoscopy and then embedded in paraffin
wax. Serial sections of 4 um thicknesses were cut and stained
with hematoxylin-eosin. Esophagitis was identified and graded
according to the Ismail-Beigi classification[18].
Transmission electron microscopy (TEM)
Three specimens from each patient were fixed in glutaraldehyde,
rinsed and processed for TEM. The specimens were postfixed in 1% buffered osmium tetroxide. They were then
dehydrated through a graded alcohol series and embedded
in Araldite. Blocks were trimmed and ultra-thin sections on
copper grids were post-stained with uranyl acetate and lead
citrate. Each specimen was analyzed by TEM (Philips 410,
Eindhoven, Netherlands) and then photographed at an
accelerating voltage of 80 kV. Photographs of at least
10 significant fields were magnified at 3 500×.
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Morphometric analysis
Ten TEM photomicrographs of biopsy specimens from
each patient were obtained. In particular, the suprabasal
layer of the esophageal mucosa was examined in each image.
Photographs with an internal scale marker were digitized
and then each field was evaluated using EndoxPro System
(Casti imaging, Medra-Venice, Italy). At least 10 randomly
selected perpendicular transects to adjacent membranes
were drawn and measured in each image for a total of 100
measurements in each case. Every transect was drawn at a
distance not closer than 1 m. A value of mean score of
DIS of 0.74 m was considered a cut-off score for damage[8].
Statistical analysis
Measurements obtained were used to calculate mean DIS
scores and mean scores of maximum DIS for each subject
and for all cases as a whole. Statistical significance was
determined using Student’s t-tests for paired and unpaired
samples. Scores are reported as mean±SD. The results of
treatment were compared by 2 test for comparison of
proportions with a 95%CI. All statistical analyses were twotailed, and significance was accepted at a P-value < 0.05.
Data were analyzed with SPSS software.

RESULTS
Fifteen patients (mean age 44.4±10.96; 6 male) had DGER
as defined by typical symptoms (recurrent episodes of
heartburn or acid regurgitation) and pathological 24-h pHand bilimetry. Of these, 6 had erosive esophagitis (mean
age 44.3±9.69; 3 men), whereas 9 had a NERD (mean age
40.8±12.97; 3 men). Twelve patients had hiatal hernia.
At histology, of the 6 patients with erosive esophagitis,
3 had mild esophagitis, 2 had moderate esophagitis and
1 had normal histological pattern. No patients with NERD
showed signs of esophagitis at histology (Table 1).
At endoscopy and at histology, the 6 patients with erosive
esophagitis showed the complete healing after 3 mo of
therapy.
At TEM, after 3 mo of therapy 13/15 patients (86.7%,
CI 85.73-88%, 2 = 8.067, P<0.005) showed a complete
recovery of the esophageal epithelium (Figure 1) accompanied

Table 1 Macroscopic and histological features at baseline
NERD
Number
Sex (M/F)
Mean age ± SD (range)
Macroscopic findings
Hiatal hernia
Grade 0
Grade A
Grade B
Grade C
Grade D
Histology
Normal
Mild
Moderate
Severe

9
3/6
40.8±12.97 (28-64)
8
9
0
0
0
0
9
0
0
0
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by resolution of heartburn. In particular, 5/6 with erosive
esophagitis (83.3%CI 82.7-84.56%) and 8/9 with NERD
(88.9%CI 88.52-89.03%) reached this outcome (Figure 2).
Two patients, 1 with NERD and 1 with erosive esophagitis
before treatment, required 3 further months of therapy
because of an incomplete healing of the mucosa at TEM
and persistence of symptoms. After this period, a complete
recovery of esophageal mucosa and heartburn was achieved
only in patient with NERD. In patient with erosive
esophagitis, we observed a reduction of DIS (Figure 3) and
the persistence of sporadic and moderate heartburn (Table 2).
Hence, 14 of 15 patients (93.3%CI 92.48-94.56%, 2 = 11.26,
P<0.001) (Figure 2) achieved complete recovery of DIS and
the resolution of heartburn.

DISCUSSION
Patients affected by GERD mostly require a potent suppression
of gastric acid secretion, to obtain beneficial effects into
the esophagus and usually this suppression must be greater
to control acid peptic injury to esophagus as opposed to
that of stomach[19]. It is supposed that the reasons for this
phenomenon are related to specific differences between
the nature of gastroduodenal and esophageal epithelial
defenses. In particular, it is reported, for the esophageal
epithelium: the lack of mucus, bicarbonate, prostaglandin
secretion by surface epithelial cells and the low capacity to
rapidly heal erosions by the process of epithelial restitution[19].
Using TEM, it has been demonstrated in GERD and in
DGER that the most precocious and sensitive morphological
feature of mucosal damage is DIS[8]. Recently, it has been
verified that this marker is reversible after treatment with
PPI in GERD[20]. In other words, after treatment, it seems
that the mucosa restore the fence-like barrier to the acid
attack partly repairing the dilation of intercellular space and
in this way patients become asymptomatic[20]. This is a
further confirmation that intercellular junctional space is
part of the defense of the mucosa and its related resistance
and that of acid, alone or mixed bile reflux, may damage it
and determine a greater permeability for refluxate. What
we do not know is whether PPI will determine the same
effect in DGER.
It has been observed that DGER, without acid, does
not play a major role in producing symptoms or lesions,
while mixed DGER, which occur simultaneously in the
majority of the patient with reflux disease, determines an

ERD
6
3/3
44.3±9.69 (28-53)
4
0
0
5
1
0
0
5
1
0

Table 2 Mean value of DIS and grading of symptoms in 2 patients
with an incomplete healing of mucosa after 3 mo of therapy and
outcome after 3 further months of treatment
Endoscopy
(L. A.)

Mean value of
DIS ± SD (µm)

Frequency Severity of
of symptoms symptoms

Patient 1 (female)
Baseline

0

2.14±0.81

5

4

After 3 mo

0

1.21±0.41

1

1

After 3 further mo

0

0.51±0.08

0

0

Patient 2 (female)
Baseline

C

2.61±1.01

5

4

After 3 mo

0

1.15±0.42

3

2

After 3 further mo

0

0.92±0.12

1

1
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increase in severity across GERD spectrum[6,21].
Otherwise, the effect of PPI on DGER, even if it is a
field of interest, is reported only in few, contrasting, studies.
In particular, in these studies treatment is related to the
effect on the amount of total bilirubin esophageal exposure
or to symptoms and endoscopic lesions[10-13]. Moreover, it
is unknown the effective response to PPI in DGER, as it
regards the morphological damage of the mucosa.
In our study, we analyzed at TEM several esophageal
biopsies taken during endoscopy performed on 12 subjects
with mixed reflux. Patients underwent an upper endoscopy
and, irrespective of the presence of erosive esophagitis or
normal appearing mucosa, were treated with omeprazole
40 mg daily for three months. After this period a further
endoscopy with biopsies was performed and symptoms
investigated. Our data support the following considerations.
At first, 86.6% of patients presented a complete
resolution of symptoms after 3 mo of therapy. Two subjects,
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1 with NERD and 1 with erosive esophagitis, required three
more months of treatment because of persistent heartburn.
At the end of this period one of them became asymptomatic
while the other, with erosive esophagitis, complained of
persisting symptoms but not more macroscopic or histologic
signs of esophagitis[22-25]. It was noted that the histological
pattern became normal after the first period of treatment
in all subjects studied.
At TEM we observed complete recovery of DIS in
86.6% of patients after 3 mo of therapy and in 93.3% of
patients after 6 mo. No significant differences between
NERD and erosive esophagitis were seen. In addition, the
ultrastructural healing of the esophageal mucosa was in all
cases accompanied with complete resolution of the
esophageal symptoms. The patient, still symptomatic after
6 mo of treatment, showed the persistence of DIS.
Similar data has been reported in our recent study
concerning patients affected by GERD in which complete

2.5

A

NERD

ICS (m)

2.0
1.5
1.0
0.5
0
Baseline

After 3 mo of therapy After 6 mo of therapy

2.5

B

Erosive Esophagitis

ICS (m)

2.0
1.5
1.0
0.5
0
Baseline

Figure 1 Photomicrographs of esophageal mucosa obtained using
TEM of the suprabasal layer (original magnification, ×3 500). DIS in
erosive esophagit is before (A) and complete recovery after
omeprazole treatment (B).

A

B

After 3 mo of therapy After 6 mo of therapy

Figure 2 Effect of omeprazole therapy on the reduction of intercellular spaces (ICS) of esophageal mucosa in patients with NERD or
erosive esophagitis. The dashed line represents the mean score of
DIS which is the cut-off (0.74 µm) for damage.

C

Figure 3 Photomicrographs of esophageal mucosa obtained using TEM of the suprabasal layer (original magnification, ×3 500) before (A)
and after 3 mo (B) and 6 mo (C) of omeprazole treatment in the patient with persistence of DIS.
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recovery of DIS was achieved in 92.1% and in 97.4% of cases
after 3 and 6 mo of omeprazole 40 mg daily respectively[20].
In summary, this is the first demonstration that a longterm treatment with omeprazole may induce a complete
healing of mucosal damage at TEM both in erosive and in
NERD patients also with DGER. In this way, it seems that
the presence of bile in refluxate does not significantly affect
the response to therapy in our subset of patients.
Data concerning DGER and treatment are scanty and
studies have been conducted with a small series of patients.
Even if this could explain the heterogeneous results reported
to date, we believe that beside differences among patients
in the esophageal refluxate, motor activity, or other
demographic and morphological features, potential additional
factors such as the epithelial defense of the mucosa and its
resistance may play a role in this contest that should be
considered.
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Abstract
Solitary non-parasitic liver cysts are being increasingly
diagnosed due to the increased use of abdominal
sonography. The majority of solitary liver cysts are
asymptomatic; however, there are some complications
which include infection, perforation, spontaneous
hemorrhage, obstructive jaundice and neoplastic
degeneration. In some cases a cystic liver lesion may
mimic a tumor and is difficult to differentiate with standard
imaging studies or fine needle aspiration cytology. Here
in, we report a case of adenocarcinoma arising in a solitary
hepatic cyst complicated with Klebsiella pneumoniae
infection. High levels of CEA in the cyst fluid levels suggested
malignancy, which was confirmed by pathology of the
resected specimen.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Adenocarcinoma; Liver cyst; Infected cyst;
CEA; CA 199
Lin CC, Lin SC, Ko WC, Chang KM, Shih SC. Adenocarcinoma
and infection in a solitary hepatic cyst: A case report. World
J Gastroenterol 2005; 11(12): 1881-1883

http://www.wjgnet.com/1007-9327/11/1881.asp

INTRODUCTION
Intra-hepatic cysts are generally classified as congenital,
traumatic, infectious, or neoplastic. The incidence of solitary
hepatic cysts in the population at large has not been defined[1].
Adenocarcinoma arising in a solitary hepatic cyst is extremely

rare, with only seven cases having been reported in the
literature[2]. We report a patient with adenocarcinoma arising
in a non-parasitic solitary hepatic cyst complicated with
Klebsiella pneumoniae infection.

CASE REPORT
A 67-year-old male was admitted in November 2002
complaining of anorexia and upper quadrant pain for half
a month. Over the previous three months, he had noted
abdominal distention and about a 2 kg weight loss. His past
medical history was significant for gouty arthritis and DM
with chronic renal disease. Abdominal echo performed
about two years ago in another medical center had found
an egg-sized solitary hepatic cyst.
On admission, the patient appeared ill and had a low
grade fever (37.5 ℃). His abdomen was distended, and
there was right upper quadrant tenderness without muscle
guarding. Laboratory tests showed a normocytic anemia
with a Hb of 105 g/L, white cell count 9.5×10 9/L with
56% neutrophils and 28% lymphocytes, serum total bilirubin
6.8 µmol/L, alkaline phosphatase 2.1 nkat/L, aspartate
aminotransferase 0.32 µkat/L, alanine aminotransferase
0.41 µkat/L, creatinine 398 µkat/L, and uric acid 655 µmol/L.
The serum levels of CEA (4.6 µg/L) and AFP (3.5 µg/L)
were normal, but that of CA19-9 (44.3 kU/L) was mildly
increased.
An abdominal ultrasound examination showed a solitary
hepatic cyst about 10 cm×12 cm extending from the left
liver segment 4 to the right liver segments 5 and 8. The cyst
was filled with homogenous hyper-echoic material (Figure 1).
There were no visible renal or pancreatic cysts. Our differential
diagnosis based on the ultrasound appearance included
infected hepatic cyst, hemorrhage into a cyst, or cystic tumor.
Using echo guidance, we aspirated about 500 mL of cloudy,
mucoid material. There was no foul smell to the fluid. The
cyst decreased in size after aspiration. The fluid had
numerous white cells with a neutrophil predominance, and
a culture grew Klebsiella pneumoniae, consistent with a
diagnosis of infected hepatic cyst. Although cytology was
negative, tumor markers in the cystic fluid were increased
(CEA 1 093 µg/L, CA19-9 14 237 kU/L). Despite repeated
echo-guided aspiration, the cyst again grew to the previous
size, with persistent elevation of CEA (835 µg/L) and
CA19-9 (10 661 kU/L) in the cystic fluid. Computed
tomography showed a huge cystic space-occupying lesion
with the largest diameter about 10 cm located in liver
segments S8, S4 and S5. The mass caused mild intra-hepatic
duct dilatation (Figure 2). Although we continued to suspect
a simple hepatic cyst, we could not exclude a cystic biliary
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tumor. After echo-guided fluid aspiration, a T2-weighted
liver MR image revealed a mass lesion consisting of mostly
fluid density. The lower portion of this lesion, however,
had low signal intensity suggestive of hemorrhage or a cystic
tumor (Figure 3).
Given the progressive nature of the lesion plus the high
levels of tumor markers in the fluid, malignancy was
increasingly likely. The patient therefore underwent an
exploratory laparotomy. A 10 cm×10 cm×10 cm cystic lesion
containing turbid fluid was found in segments 4, 5, and 8
of the liver. The cyst was aspirated and then opened. Several
dark red slightly papillary lesions and small dome-shaped
nodules were found on the inner surface (Figure 4). Frozen
section of a small portion of the cystic wall containing one
nodule was reported as benign with only an inflammatory
cell infiltrate. However, in view of the concern that this

was not simply a benign cyst, an extended left lobectomy
was performed.
After formalin fixation, the cystic wall measured 0.2-0.6 cm
in thickness. The internal surface varied from smooth to
rough with areas of hemorrhage and several dome-shaped
nodules on the inner surface. No bile ducts were found
communicating with the cyst. Histologically, the cystic wall
was lined by a single layer of biliary epithelium with focal
proliferation in a slight papillary formation. There was mild
nuclear atypia (Figure 5). In the nodular areas, there were
scattered small round or angulated glandular structures and
small cords. Some individual plump epithelial cells were
noted with nuclear atypia, hyperchromatism. On larger
magnification, these appeared to be infiltrating malignant
cells (Figure 6). Immunostaining for CK was present not
only in the luminal border, but also in the cytoplasm. The

Figure 1 Homogenous hyper-echoic material filling a solitary liver
cyst.

Figure 4 Opened cystic tumor which showed several dark red
slight papillary growths and small dome-shaped nodules (arrow) on
the inner surface.

Figure 2 Contrast-enhanced CT showing a huge liver cyst causing
mild intra-hepatic duct dilatation.

Figure 5 The cystic wall is lined by a single layer of biliary epithelium (arrow) with focal proliferation, a slight papillary appearance,
and mild nuclear atypia.

Figure 3 A T2-weighted MR image reveals a mass consisting mostly
of fluid density. The lower portion has low signal intensity (arrow),
suggesting cyst hemorrhage or a cystic tumor.

Figure 6 Histology of a nodule. Small round or angulated glandular
structures, small cords, and plump individual epithelial cells are noted.
The cells have nuclear atypia, hyperchromatism, and enlargement.

Lin CC et al. Adenocarcinoma and infection in a liver cyst

cells had increased cytoplasmic CEA and nuclear Ki-67
immunoreactivity. The neoplastic cells were confined within
the cystic wall. The final pathology diagnosis was a solitary
biliary cyst with focal adenocarcinomatous change. The
patient had an uneventful post-operative course and has
been followed for two years with no evidence of tumor
recurrence.

DISCUSSION
Adenocarcinoma coexisting with solitary liver cysts is a
distinct entity different from liver cystadenocarcinoma [2] .
Azizah and Paradinas reported two adenocarcinomas
coexisting with developmental liver cysts in 1980. Another
five cases in the previous literature are considered to be
adenocarcinoma arising in solitary cysts[2]. Willis described
one case in a 27-year-old women in 1943, and Cruickshank
and Sparshott reported two cases of cystic tumors in 1971[2,3].
Okuda et al, found simple cysts in two of their 57 cases of
intra-hepatic bile duct carcinoma in 1977 [3,4] . In none of
these patients, however, there was an infection as
complicated as that described in our case.
It is difficult to distinguish cystic focal liver lesions on
imaging. Simple (bile duct) cysts, biliary cystadenoma,
cystadenocarcinoma, cystic subtypes of primary liver
neoplasms, cystic metastases, pyogenic and amebic abscesses,
intra-hepatic hydatid cyst, extra-pancreatic pseudocyst, and intrahepatic hematoma and biloma may all be confused with one
another[5]. Our patient had only a low grade fever, with a normal
white cell count and no edema or peripheral enhancement of
the liver lesion on CT. It was only after echo-guided aspiration
that infection was demonstrated in the cyst. Neoplasms in
congenital cysts of the liver are very rare[1,6]. We suspected a
malignant cystic tumor in our patient because the cyst was
growing and the cystic fluid contained a high level of CEA.
The findi ngs w ere no t com patibl e wit h bili ary
cystadenocarcinoma, which usually has internal separation
and an irregular border between the adjacent hepatic
parenchyma on CT[5]. A cystic peripheral cholangiocarcinoma
was suspected, but these lesions usually have a definite
irregular mass or peripheral enhancement on CT. In addition,
bile ducts communicate with the cyst in cholangiocarcinoma,
which was not the case in our patient’s cyst[7].
Although preoperative differentiation between simple
cysts and malignant cystic tumors can be difficult, an attempt
must be made to do so because the management for each
is different. Fine needle aspiration cytology has rarely
succeeded in yielding a preoperative diagnosis. For this
reason, Marnerite and Alan studied CEA and CA19-9 levels
in cystic lesions and found elevated CEA (>600 µg/L) in
the fluid from biliary cystadenoma, cystadenocarcinoma,
and pseudocystic metastatic carcinoma[8]. Horsmans et al[9],
reported that cystic CA19-9 values were five times higher
in cystadenoma and cystadenocarcinoma than in benign
lesions. In our case, the high CEA and CA19-9 in the cystic
fluid suggested malignancy.
Spontaneous infection of a hepatic cyst occurs rarely;
in this case, the cause may be due to DM with renal
insufficiency. The standard treatment when it does occur is
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drainage, which may both relieve the patient’s symptoms
and lead to a definitive diagnosis of the cystic mass. We did
consider percutaneous drainage in our patient, but because we
were concerned about possible malignancy, we opted for surgery
instead to avoid tumor seeding along the drainage tract[10].
Although the ideal is to make a definitive diagnosis
preoperatively, for the reasons noted above, this is not always
possible based on imaging and tumor markers alone[11]. Intraoperative pathology as well as the examination and surgeon’s
gross examination are thus extremely important, as the
findings may influence the type of procedure done. For
example, extensive lymph node dissection is required for
cholangiocarcinoma.
Adenocarcinomas from most organs have CEA
immunoreactivity. In low-grade malignant tumors, CEA
immunoreactivity is membrane bound, while in high-grade
lesions, immunoreactivity is seen in the cytoplasm. However,
because CEA immunoreactivity has also been demonstrated
in a variety of normal tissues, it is not pathognomonic for
malignancy.
In conclusion, an accurate diagnosis of cystic lesions of
the liver that do not appear to be straightforward simple
cysts remains problematic. Echo-guided fine needle aspiration
may be a valuable method for differential diagnosis. In
patients with symptomatic solitary liver cysts of uncertain
etiology, liver resection should be considered, as one-fourth
of such lesions might be malignant.
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Abstract
A diagnosis of small-bowel perforation, caused by a sharp
or pointed foreign body, is rarely made preoperatively
because the clinical symptoms are usually nonspecific and
can mimic other surgical conditions, such as appendicitis
and diverticulitis. We report the case of a 62-year-old
woman who experienced severe pain in the right iliac
fossa and fever for about five days before arrival at our
hospital. The presumptive diagnosis was acute purulent
appendicitis and an emergency appendectomy was
planned. Swelling and erythema were noted in a segment
of the small bowel in the lower right abdomen. A tiny
pointed object was found penetrating the inflamed portion
of the bowel, which proved to be a sharp fish bone (gray
snapper). The bone was removed, followed by segmental
resection of the terminal ileum and ascending colon. The
postoperative course was uneventful.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A variety of foreign bodies are seen on abdominal radiographs
in emergency departments. Most foreign-body ingestion is
accidental, but there may be contributory factors such as
mental disorder, bulimia, alcoholism, and prison incarceration.
When foreign bodies are ingested, they usually pass
spontaneously through the entire alimentary tract and out
in the feces. Perforation of the gastrointestinal tract is a
well-recognized complication of foreign-body ingestion and
the ileum is the most common site of perforation[1]. We
report the case of a fish bone perforating the distal ileum,

resulting in a clinical presentation mimicking acute
appendicitis.

CASE REPORT
A 62-year-old woman, with no previous abdominal
complaints, was admitted to our emergency department with
acute abdominal pain in the lower right quadrant for the
preceding five days. The pain was initially generalized, but
later localized to the lower right quadrant, worsening in
intensity. There was no nausea, vomiting, or diarrhea.
Physical examination revealed a body temperature of
38.7 ℃. An abdominal examination showed localized
tenderness in the lower right quadrant with rebound and
voluntary guarding. Laboratory tests indicated an elevated
white cell count of 16 500 with 81.9% neutrophils, elevated
C-reactive protein (123 mg/L), and normal serum amylase
(33 U/L). Urinalysis was normal. Other laboratory data
were within normal limits. A plain X-ray of the abdomen
showed local ileus in the lower right abdomen. Sonography
of whole abdomen revealed fluid accumulated over the
lower right quadrant (Figure 1). The presumptive diagnosis
was acute purulent appendicitis and an emergency
appendectomy was planned. Para-median exploratory
laparotomy revealed turbid peritoneal fluid at the right
paracolic gutter. However, the appendix was normal on
inspection. The loop of the ileum in the right lower abdomen
was swollen and showed evidence of an erythematous
change. On examination of the small bowel, a tiny sharp
object was seen penetrating the wall in the inflamed region.
The foreign body was grasped, pulled out directly from the
bowel, and removed through the abdomen (Figures 2A, B).
Due to severe inflammatory changes and gangrene of the
terminal ileum, segmental resection of the terminal ileum
and ascending colon was performed. End-to-side iliac-colonic
anastomosis was also performed, with subsequent irrigation
of the purulent fluid and cleaning of the pelvic area. A
closed-wound suction drainage tube was placed in the pelvis.
The final pathological diagnosis was small-bowel perforation
caused by a foreign body (fish bone) with extra-mural abscess
formation and fibropurulent serositis. The patient had an
uneventful postoperative course and was discharged eight
days after the procedure.
DISCUSSION
Foreign-body ingestion is a common clinical problem
presenting in emergency departments. Perforation of the
gastrointestinal tract by ingested foreign bodies is
uncommon and less than 1% of ingested foreign bodies
perforate the bowel. The types of foreign bodies ingested
depend on the dietary habits of the relevant countries.

Hsu SD et al. Small-bowel perforation caused by fish bone

Figure 1 Sonography of the whole abdomen revealed fluid accumulated over the lower right quadrant of the abdomen (arrow).

A
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peritonitis. Bowel perforation by foreign bodies can mimic
acute appendicitis and should be considered in differential
diagnoses. Clinically, patients often do not recall ingesting
the foreign body, which makes the clinical diagnosis more
challenging, and a correct diagnosis is frequently delayed.
Several paraclinical investigations, such as small-bowel series,
ultrasonography, and computed tomography scans, may lead
to the correct diagnosis, but in most patients, the diagnosis
is not confirmed until the surgical intervention has been
performed.
These foreign bodies may lodge anywhere in the
gastrointestinal tract, from the level of the esophagus to
the rectum. Retrieval of a foreign body that has lodged in
the stomach using a flexible overtube has been reported[3].
Ten to twenty percent of objects must be removed
endoscopically, and about 1% requires surgery [4].
In recent years, laparoscopy has been increasingly
recognized as a procedure offering precise, visual assessment
of the intra-abdominal condition, allowing consequent
prompt inter vention. Massa et al [5], sug gested that
laparoscopy should be performed routinely in cases of acute
lower-quadrant abdominal pain of suspected appendiceal
origin. If acute appendicitis is not the cause of the abdominal
pain, laparoscopy allows further examination of the entire
abdomen to identify other intraperitoneal diseases that cause
similar symptoms, which can then be treated simultaneously.
Although intestinal perforation occurs infrequently after
foreign-body ingestion, this complication must always be
considered.
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Abstract
Very rare cases of varices involving right side colon were
reported. Most of them were due to cirrhotic portal
hypertension or other primary causes. No report case
contributed to pancreatic cancer. Here, we reported a
case of uncinate pancreatic cancer with the initial finding
of isolated hepatic flexure colon varices. Following studies
confirmed isolated varices involving hepatic flexure colon
due to pancreatic cancer with occlusion of superior
mesenteric vein. From this report, superior mesenteric
vein occlusion caused by uncinate pancreatic head cancer
should be considered as a differential diagnosis of colon
varices.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colon varices caused by portal hypertension are well
recognized in cirrhotic and noncirrhotic patients[1-5]. The
prevalence rate of colon varices varies from 3.6% to 40%,
and the most common location is over the rectum[3-5]. The
literature reported very few cases of varices involving
right side colon which was caused by cirrhotic portal
hypertension[2] or other primary causes[1,6-16]. Moreover, no

reported cases of the diagnosis of colon varices were due
to pancreatic cancer. This investigation reports a patient
with isolated colon varices over hepatic flexure due to
uncinate pancreatic head cancer with superior mesenteric
vein occlusion.

CASE REPORT
A 57-year-old Taiwanese female visited our hospital
complaining of epigastric dull pain and radiation to back
lasting for the past 3 mo. The pain was associated with poor
appetite, constipation and body weight loss (8 kg in 3 mo).
Physical examination revealed a chronically ill look,
normal vital signs, no pale conjunctiva, no icteric sclera,
soft and flat abdomen, neither hepatosplenomegaly nor
palpable mass, and epigastric tenderness. The patient had
received abdominal ultrasonography and esophagogastroduodenoscopy (EGD) examinations that revealed nothing
abnormal at a local medical clinic. Under the impression of
colon cancer, the woman received colonoscopy at our
outpatient clinic. Cecal diverticulum and isolated colon
varices over the hepatic flexure were found (Figure 1).
Under the suspicion of decompensated liver cirrhosis or
pancreatic lesion, abdominal ultrasonography was repeated
at our outpatient clinic. Abdominal ultrasonography revealed
noncirrhotic liver and no evidence of portal hypertension,
normal biliary trees, slightly dilated main pancreatic duct
with 3 mm diameter over the pancreatic body, and poorly
demonstrated pancreas head and tail area. EGD was also
repeated to evaluate for the possibility of the combination
of esophageal and gastric varices. Superficial gastritis was
the only endoscopy finding. Upon directed endoscopic
examination, no varices were seen in the esophagus, stomach
and duodenum. Consequently, endoscopic ultrasonography
(EUS) was conducted, and a dilated main pancreatic duct
(2.7-3.6 mm in different sites) was detected, with a single
hypoechoic mass (3.4×2.8 cm) over the uncinate pancreatic
head (Figure 2). Abdominal computed tomography (CT),
which was performed later, revealed a pancreatic head mass
with mild pancreatic duct dilatation, no intra-abdominal
metastasis, suspicious duodenal invasion, prominent collateral
circulation over right side colon and occlusion of the
superior mesenteric vein (Figure 3).
Because of suspected pancreatic head cancer, the patient
was admitted for further study and treatment. Chest
radiograph showed essentially negative findings in the lungs,
mediastinum, heart, airway and diaphragm. Meanwhile,
laboratory tests, including liver function and renal function
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tests, were normal but revealed raised amylase 298 IU/L
(normal, 27-137 IU/L) and lipase 3 137 IU/L (<170 IU/L)
as well as mild anemia (hemoglobin 11.6 g/dL, 12-16 g/dL).
Carcinoembryonic antigen (CEA) 1.6 ng/mL (<5 ng/mL)
was normal but raised CA 19-9 with 53.1 IU/mL (<37 IU/mL)
was noted. Duodenoscopy found no mucosal invasion
by the pancreatic head cancer. Magnetic resonance
cholangiopancreatography (MRCP) revealed mild dilatation
of the pancreatic and common bile ducts, as well as a small
filling defect over their junction. Magnetic resonance image
of abdomen illustrated no definite intraabdominal metastatic
lesion, although occlusion of the superior mesenteric vein
was noted. EUS-guided fine needle aspiration (EUS-FNA)
was conducted for cytological study, and revealed ductal
epithelial hyperplasia and some cell necrosis without
malignant cells.
Given the final impression of uncinate pancreatic head
cancer without definite intra-abdominal metastasis, surgical
laparotomy was arranged. During laparotomy, miliary
metastasis was found over the liver surface, although the
peritoneum was unaffected. Frozen sections of metastatic
liver lesions displayed poorly differentiated adenocarcinoma.
Pancreatic cancer with multiple liver metastasis was diagnosed,
and since curative surgical resection was contraindicative,
chemotherapy was selected as the treatment regimen.

DISCUSSION
Varices located over the esophagus and stomach are
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common complications of portal hypertension in the
patients with advanced liver disease. Colon varices had been
reported in patients diagnosed of liver cirrhosis, and most
of them are located over the rectum only[3-5]. Varices over
the right side colon among cirrhotic or noncirrhotic patients
with portal hypertension were very rare[2]. There were several
case reports of right side colon varices in the literature[2,6-16].
Causes of colon varices include congenital or familial venous
anomalies, portal hypertension or occlusion, congestive heart
failure, splenic vein thrombosis and mesenteric vein
obstruction[2,9]. Cirrhotic or noncirrhotic portal hypertension
is the most frequently encountered cause of colon varices[2-5].
Pancreatic cancer with mesenteric vein occlusion was never
found as a cause of colon varices. In our report, isolated
hepatic flexure colon varices were found incidentally. Under
this finding of isolated colon varices over the hepatic flexure,
most physicians easily reach a first impression of cirrhotic
or noncirrhotic portal hypertension[2-5] . Other causes of
colon varices may be missed or ignored if clinicians merely
focus on common causes of colon varices, such as cirrhotic
or noncirrhotic portal hypertension. In the case reported
here, further study showed a novel cause of colon varices
due to uncinate pancreatic head cancer with superior
mesenteric vein occlusion.
Patients with pancreatic disease, including chronic
pancreatitis or pancreatic cancer, may exhibit isolated gastric
varices[17-21]. In 1987, Bradley reported 11 cases of splenic
vein thrombosis caused by chronic pancreatitis[17]. One of
the 11 patients displayed colon varices with bleeding, with

A

Figure 1 This endoscopic image of the colon revealed varices
(arrows) over the hepatic flexure.

A

B

B

Figure 2 EUS revealed mild dilation of the main pancreatic duct
(arrow in A) and a solid mass over pancreatic head, measuring
approximately 3.4 cm by 2.8 cm (arrows in B).

C

Figure 3 Abdominal computed tomography of the arterial phase revealed patent splenic vein (arrow in A). With the disappearance of
intravenous contrast in the superior mesenteric vein (black arrow in B), but patent superior mesenteric artery (white arrow in B), and the
mass (white cross in B) over the uncinate pancreatic head area becomes apparent. Prominent collateral circulation (arrow in C) could be
found in abdominal cavity near the hepatic flexure.
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the colon varices being located over the splenic flexure.
While studying the present case, isolated hepatic flexure
colon varices implied that the abdominal ultrasonography
should be repeated owing to suspicions of advanced liver
or pancreatic disease-induced venous thrombosis, the latter
just like the pathogenesis of sinistral portal hypertension[17-21].
As is well known, it is difficult to show the pancreas via
ultrasonography in certain situations. In this case, the patient
received ultrasonography investigation at a local medical
clinic. Repeated abdominal ultrasonography only revealed
mild dilation of the pancreatic duct. This finding was trivial,
but suggests that the pancreatic lesion contributed to the
colon varices and symptoms. Subsequent investigations
including EUS, abdominal CT scan and MRCP clearly
demonstrated the pancreatic head mass with occlusion of
the superior mesenteric vein. Most patients suffering from
isolated gastric varices in chronic pancreatitis or pancreatic
cancer have left-sided portal hypertension owing to occlusion
of the splenic vein. In this patient with pancreatic head
cancer, isolated hepatic flexure colon varices were caused
by occlusion of the superior mesenteric vein. These two
varieties of varices complicated by pancreatic disease share
similar mechanisms but have different locations of venous
occlusions. The cancer on the uncinate process of the
pancreatic head possibly contributed to the development
of superior mesenteric vein occlusion and did not cause
splenic vein occlusion. The specific location of uncinate
pancreatic cancer might cause delayed diagnosis, supplying
sufficient time for the development of the colon varices.
Miao et al [14] , also reported one case of extensive colonic
varices owing to mesenteric venous obstruction, but the
cause in this case was ileal carcinoid tumor.
As early as in 1980, Izsak et al [2] , had reviewed the
literature and found three types of therapies of colon
varices, including conservative, colonic resection and
portocaval shunt. Transjugular intrahepatic portosystemic
shunt (TIPS) that was an alternative method to reduce portal
hypertension could get hemostasis or prevention of colon
varices bleeding[13,22,23]. Since 1985, endoscopic sclerotherapy
(EIS) had been performed successfully to stop rectosigmoid
varices bleeding[24-27]. Endoscopic band ligation (EVL) had
also been reported to control the rectal bleeding [28,29].
Combined EIS and EVL could control rectal varices bleeding
successfully in one case report[30]. Another case report
showed colon varices bleeding, which sigmoid resection had
failed to control, was successfully managed by administration
of somatostatin analog[31].
The case presented here illustrates a novel cause of
colon varices. The special location of pancreatic cancer in
uncinate process caused superior mesenteric vein occlusion
resulting in the formation of isolated colon varices located
over the hepatic flexure. In facing the finding of isolated
hepatic flexure colon varices, pancreatic head cancer over
the uncinate process with superior mesenteric vein invasion
should be included in the table of differentiated diagnoses.
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23
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26
27
28
29
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31
32
33
34
35
36
37
38
39
40
41
42
43
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4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
The insulin/insulin-like growth factor 1 (IGF-1) signaling
pathway is evolutionary conserved in diverse species
including C.elegans, saccharomyces cerevisiae, Drosophila
melanogaster, rodents and humans, which is involved
in many interrelated functions that are necessary for
metabolism, growth and reproduction. Interestingly,
more and more research has revealed that insulin/IGF-1
signaling pathway plays a pivotal role in the regulation
of longevity. Generally, disruption of the power of this
pathway will extend longevity in species ranging from
C.elegans to humans. The role of insulin/IGF-1 in longevity
is probably related to stress resistance. Although the
underlying mechanisms of longevity are not fully understood,
the Insulin/IGF-1 signaling pathway has attracted
substantial attention and it will be a novel target to prevent
or postpone age-related diseases and extend life span.
In this review, we mainly focus on the similar constitution
and role of insulin/IGF-1 signaling pathway in C.elegans,
saccharomyces cerevisiae, rodents and humans.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Why and how do we age? What regulates longevity?

Researchers have asked these questions for long, and some
answers are finally emerging. However, the underlying
mechanisms of longevity remain elusive.
Recently, some researchers have concluded that the
incidence of insulin resistance increases with age and type
2 diabetes can accelerate aging syndromes. Concomitant
reduction in plasma insulin and plasma glucose levels, which
implies increased sensitivity to insulin, emerges as a hallmark
of increased longevity[1,2]. Interestingly, organisms including
C.elegans, saccharomyces cerevisiae, Drosophila melanogaster, rodents
and humans have similar insulin/insulin-like growth factor
1 (IGF-1) signaling pathway and mutations in pathway
extend life span[3]. Thus, the potential link between ageing
and insulin/IGF-1 signaling has attracted substantial
attention.
Here we will review the evidence for the role of insulin/
IGF-1 signaling pathway in the control of longevity in species
ranging from C.elegans to humans.
Caenorhabditis elegans
The insulin/IGF-1 signaling pathway remains in the C.elegans.
The pathway is composed of proteins encoded by daf-2,
age-1, akt-2, daf-16 and daf-18, which not only regulate the
dauer diapause and reproduction but also influence the
lifespan of the adult[4]. The gene daf-2 encodes insulin/
IGF-1 receptor-like protein, which is probably the ancestor
of human insulin receptor, IGF-1 receptor and insulin
related receptor, because the predicted DAF-2 protein is
35% identical to the human insulin receptor, 34% identical
to the IGF-1 receptor, and 33% identical to the human
insulin receptor-related receptor[5].
Animals with weak daf-2 mutation age slowly and have
an extended lifespan compared to wild-type[5]. The downstream
of the gene age-1, which encodes the protein similar to the
mammalian p110 catalytic subunit of PI3K, leads to a 65%
increase in mean life span[6]. These effects need the integrity
of daf-16, which can help the formation of the dauer. Dauer
diapause is a nonfeeding stress-resistant larval state evolved
for endurance and dispersal under adverse conditions. The
protein daf-16 is similar to a family of mammalian forkhead
transcriptional regulator (FOXO). Also, daf-16 encodes a
member of the hepatocyte nuclear and plays a central role
in the regulation of lifespan[7].
Interestingly, daf-2 also regulates metabolism. The
mutation of daf-2 makes the higher expression of antioxidant
enzymes such as catalase and superoxide dismutase (SOD)[3,8].
The downstream gene of daf-2, age-1 mutation can protect
the decline of catalase with age. Also, DAF-16 is a key
regulator of heat and oxidative stress resistance, fat storage,
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development arrest, fertility, and metabolism. Elevated stress
resistance combined with down-regulated central metabolism
and reproduction may be coordinated physiological states
associated with slow aging[2] . Down-regulation of daf-2
signaling upon adult life-span and stress resistance is
independent of larval dauer and of adult reproduction.
There are 37 insulin-like ligands in the genome of C.
elegans and they mainly express in neurons, but are also found
in intestine, muscle, epidermis, and gonad[3]. The same signals
from different tissues have different influence on aging. The
most important signal is located in the nervous system[9].
However, recently Libina et al, reported that DAF-16 activity
in the intestine completely restores the longevity of daf-16
(-) germline-deficient animals, and increases the life spans
of daf-16(-) insulin/IGF-1-pathway mutants substantially.
These results indicate that DAF-16 may control two types
of downstream signals: DAF-16 activity in signaling cells
upregulates DAF-16 in specific responding tissues, possibly
via regulation of insulin-like peptides, and also evokes DAF16-independent responses[10].
Drosophila melanogaster
In the fly D.melanogaster, the insulin/IGF-1 pathway is
constituted of insulin/IGF receptor INR, insulin receptor
substrate (IRS) CHICO, the PI3K Dp110/p60, and the PI3K
target protein PKB (Akt), which regulates growth, size and
longevity[11]. The gene of IGF receptor inR is similar to the
insulin receptor gene and the IGF-1 receptor gene[12]. The
mutation of inR in fly D.melanogaster can significantly extend
adult longevity. Interestingly, it has been reported that a
heteroallelic genotype InRp5545/InRE19 in females can lead
to small, infertile and 85% longer life than wild-type[3]. Also,
the long-lived flies share some important characteristics with
wild-type adults that are in reproductive diapause, including
increased triglycerides and SOD and reduced synthesis of
juvenile hormone.
Clancy has reported that the life span of female D.
melanogaster is also extended by mutation of the IRS homolog
chico [13] . Null mutation of the chico gene that encodes IRS
increases the life span of homozygous chico1/chico1 female
fruit flies by 48%. Interestingly, homozygous males are shortlived, whereas heterozygous animals of both sexes have
increased longevity (≤36% in females and 13% in males).
In D.melanogaster, insulin-like receptor mediates
phosphorylation of dFOXO, the equivalent of nematode
daf-16 and mammalian FOXO3a. Recently, Tatar et al [14] ,
have reported that dFOXO regulates D. melanogaster aging
when activated in the adult pericerebral fat body.
Interestingly, this limited activation of dFOXO reduces the
expression of the insulin-like peptide dilp-2 synthesized in
neurons, and represses endogenous insulin-dependent
signaling in peripheral fat body. These results suggest that
autonomous and non-autonomous roles of insulin signaling
combine to control aging.
Rodents
The decrease of insulin/IGF-1 signaling pathway has also
been shown to extend longevity in several rodent models,
which include murine genetic models and caloric restricted
(CR) rodents. The character of these models again explains
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the role of insulin/IGF-1 pathway in longevity.
The gene pit-1 and prop-1 in mice can code transcription
factor that regulates the development of pituitary. The
Snell dwarf (Pit dw /Pit dw ) mice and the Ames dwarf
(Prop1 df/Prop1 df) mice come from the homozygous
mutation of gene locus pit-1 and prop-1, respectively. These
mice are dwarfs but live 25-65% longer than wild type[15,16].
Also, they are deficient in serum growth hormone (GH),
thyroid stimulating hormone, and prolactin as well as for
IGF-I, which is secreted by liver cells upon stimulation
with GH. Furthermore, dwarf mice with high plasma
GH but a 90% lower IGF-I [GH receptor/binding protein
(GHR/BP) null mice] live longer than the wild-type mice[17].
Taken together, these studies suggest that the reduction
in plasma IGF-I is responsible for a major portion of the
life-span increase in dwarf, GH-deficient, and GHR/BP
null mice[18].
Recently, very strong support for the role of insulin/
IGF-1 signaling pathway in the control of mammalian aging
and for the involvement of this pathway in longevity of
IGF-1 deficient mice was provided by Hsieh et al [19,20]. It
was shown that in the Snell dwarf mice, GH deficiency
would lead to a decreased IRS-2 pool level, decrease in
PI3K activity and its association with IRS-2 and decreased
docking of p85 to IRS-2. The authors conclude that the
Pit- 1 mutation may result in physiological homeostasis that
favors longevity, and that the Snell dwarf mutant conforms
to the nematode longevity paradigm.
To investigate whether IGF-1R also controls longevity
in mammals, Holzenberger et al[21], inactivated the IGF-1R
gene in mice (Igf1r). Using heterozygous knockout mice
because null mutants are not viable, they report that Igf1r+/mice live on average 26% longer than their wild-type
littermates (P<0.02). Female Igf1r +/- mice live upto 33%
longer than wild-type females (P<0.001), whereas the
equivalent male mice show an increase in life span by 16%,
which is not statistically significant. Also, long-lived Igf1r+/mice do not develop dwarfism, their energy metabolism is
normal, and their nutrient uptake, physical activity, fertility
and reproduction are unaffected. The spontaneous tumor
incidence in the aging cohort of Igf 1r+/- mice was similar
to that in wild-type controls. It is very important that these
Igf 1rt +/- mice, and mouse embryonic fibroblasts derived
from them, were more resistant to oxidative stress than
controls, a known determinant of aging. At the molecular
level, IRS and the p52 and p66 isoforms of Shc, both main
substrates of IGF-1 receptor, showed decreased tyrosine
phosphorylation. p66 Shc mediated cellular responses to
oxidative stress[22] . Two main pathways the extracellularsignal regulated kinase/mitogen-activated protein kinase
pathway and the phosphatidylinositol 3-kinase (PI3K)-Akt
pathway were downregulated in Igf 1r+/- mice. These results
indicate that the IGF-1 receptor may be a central regulator
of mammalian life span.
Using the Cre-loxP system, Bluher et al[23], created mice
with fat-specific disruption of the insulin receptor gene
(FIRKO mice) and the extension of longevity was observed
in this model. These mice have low fat mass, loss of the
normal relationship between plasma leptin and body weight,
and are protected against age-related and hypothalamic
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lesion-induced obesity, and obesity-related glucose intolerance,
although their food intake is normal. Both male and female
FIRKO mice were found to have an increase in mean life
span of approximately 134 d (18%), with parallel increases
in median and maximum life spans. Extended longevity in
FIRKO mice was associated with a shift in the age at which
age-dependent increase in mortality risk becomes appreciable
and a decreased rate of age-related mortality, especially after
36 mo of age. In FIRKO mice, the resistance to obesity,
despite normal food intake, suggests that metabolic rate is
increased, rather than decreased[24]. The authors believe that
decreased fat mass could lead to a decrease in oxidative
stress in FIRKO mice. Another possibility is that the increased
longevity in these mice is the direct result of altered insulin
signaling[25].
Shimokawa et al[26], designed another transgenic rat model
that can be used to elucidate a role for insulin /IGF-1 or
their overlapping signaling pathways in the modulation of
longevity in mammals. These transgenic rats were produced
from founders created by introducing a fusion gene into
rat embryos. Transgenic offspring expressed the rat GH
anti-sense RNA in the pituitary gland, spleen, and thymus
but not in the lung, liver, heart, kidney, or testes. Male rats
homozygous for the transgene (tg/tg) had a reduced number
of pituitary GH cells, a lower plasma concentration of IGF1, and a dwarf phenotype. Heterozygous rats (tg/-) had an
intermediate phenotype in plasma IGF-1, food intake, and
body weight between tg/tg and control (-/-) rats. The life
span of tg/tg rats was 5-10% shorter than -/- rats. In
contrast, the life span of tg/- rats was 7-10% longer than -/rats. It was found that tumors caused earlier death in tg/tg
rats; in contrast, tg/- rats had reduced non-neoplastic diseases
and a prolonged life span. Immunological analysis revealed
a smaller population and lower activity of splenic natural
killer cells in homozygous tg/tg rats. The present data on a
reduction in plasma glucose and insulin in the transgenic
rats suggested a similarity between daf-2 and age-1 mutants
in nematodes for the insulin signaling pathway and provided
evidence that an optimal level of the GH-IGF-1 axis function
needs for longevity in mammals.
CR extends longevity in organisms from yeast to mice
and postpones or prevents a remarkable array of diseases
and age-dependent deterioration, without causing irreversible
developmental or reproductive defects[27]. Interestingly, CR
increases life span of rodents up to 35-40%. Furthermore,
CR rodents encompass changes in both insulin and IGF-1
signaling and levels. These animals have lower insulin, glucose
and IGF-1 levels, several-fold decrease fat stores, and
boosted immune system and defenses against free radicals
damage. Low insulin levels in CR animals suggest increased
insulin sensitivity[28]. Indeed, when stimulated with similar
levels of insulin, CR rodents have improved ability to increase
peripheral glucose uptake, to promote glycogen synthesis
and to suppress hepatic glucose production compared to
ad libitum fed animals. Thus, the reduced levels of plasma
IGF-I in dwarf mice may contribute to disease prevention
and life-span extension by simulating CR or more severe
starvation conditions. Consistent with this notion is the role
of IGF-I in reversing the protection of CR against
carcinogen-induced bladder cancer. Apoptosis in the tumor
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is decreased 10-fold in CR mice in which the levels of IGFI are restored, indicating that the activation of antiapoptotic
pathways contributes to tumor incidence[29].
Interestingly, de Cabo et al[30], described a valuable in vitro
model for the study of CR. They use sera obtained from
either Fisher 344 rats or Rhesus monkeys that were fed ad
libitum (AL) or CR diets to culture various cell types. They
show that treatment of cultured cells with CR sera caused
reduced cell proliferation, enhanced tolerance to oxidants
and heat, and heightened expression of stress-response genes.
These phenotypic features mirror the effects of CR in
animals. Supplementation of CR serum with insulin and
IGF-1 partially restored the proliferative and stress-response
phenotype that was seen in cells cultured with AL serum,
indicating that reduced levels of insulin and IGF-1 likely
contribute to the CR-related effects.
Human
Although human ageing is more complicated than C.elegans
and rodents, centenarian, sporadic mutations, and diseases
studies have given significant insight on the role of the
insulin/IGF-1 signaling in human longevity. In humans,
insulin sensitivity normally declines during aging, and insulin
resistance is an important risk factor associated with a variety
of intermediate phenotypes (hypertension, atherosclerosis,
obesity) strongly affecting morbidity, disability, and mortality
among the elderly [3,31].
Roth et al[32], reported that the most people with insulin
levels live longer. More recently, data from 466 healthy
subjects with a wide age range (range 28-110 years)
demonstrated a significant reduction of insulin resistance
in subjects 90-100 year old [33]. These data suggest an
intriguing peculiarity of this age category and indicate that
an efficient insulin response has an impact on human
longevity.
Interestingly, polymorphisms at IGF-IR, PI3KCB, IRS-1,
FOXO1A have been investigated[34]. IGF-I plasma levels,
which decrease significantly with age, are affected by the
polymorphisms at IGF-IR and PI3CKB genes, both alone
and in combination. In particular, individuals bearing at least
one allele A at the IGF-IR locus (IGF-IR A+) have lower
plasma IGF-I levels than the rest of the population. Also,
IGF-IR A+ subjects are found in increased proportion in
long-lived individuals. Moreover, genotype combinations of
an A allele at the IGF-IR locus and a T allele at the PI3CKB
locus (A+/T+ subjects) affect IGF-I plasma levels (having
A-/T- individuals the highest free IGF-I plasma levels), as
well as longevity, and the proportion of A+ /T+ subjects
significantly increased among long-lived individuals.
Recently, Anisimov et al[35], firstly reported that mutation
located downstream to daf-16 in human insulin signal
transduction system is associated with longevity. They
invested a group of 137 elderly individuals and concluded
that a greater frequency of the apolipoprotein C-III-455C
allele was correlated with aging (P<0.005). Also, it is worth
noting that centenarians display lower degree of resistance
to insulin and lower degree of oxidative stress as compared
with elderly persons before 90 years[36]. Moreover, Ruiz-Torres
and Soares de Melo Kirzner compared ageing parameters
of young (up to 39 years) and old (over 70 years) individuals
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having similar IGF-1 blood levels, the result was that old
males with IGF-1 levels similar to young ones do not show
the age-dependent decrease in serum testosterone and lean
body mass, nor the increase in fat body mass. This provides
powerful evidence on the important life-potential role of
this peptide[37].

DISCUSSION
From the data presented, the insulin/IGF-1 pathway has
the similar characters in C.elegans, D.melanogaster, rodents
and humans, which include the constitution of the gene,
the role in regulation of aging and longevity. All these can
be concluded that the pathway exists long ago and the
mechanism of aging is evolutionarily conserved.
Reviewing the available data on the benefits and adverse
effects of caloric restriction and genetic modifications Longo
and Finch suggested three categories of drugs which may
have the potential to prevent or postpone age-related diseases
and extend life span: drugs that (1) stimulate dwarf mutations
and therefore decrease pituitary production of GH; (2)
prevent IGF-1 release from the liver, or (3) decrease IGF-1
signaling by the action on either extracellular or intracellular
targets[18]. According to this, Anisimov concluded and
reported that effects of antidiabetic biguanides seems to be
more adequate in the prevention of age-related deteriorations
in glucose metabolism and in insulin signaling pathway as
well as in such important for longevity parameters as a
fertility and a resistance to oxidative stress and tumorigenesis
than those induced by caloric restriction and genetic
manipulations[25].
Although, the insulin/IGF-1 pathway can regulate the
life span in different species, the molecular mechanism
largely remains unknown. The most possible is that the
pathway can enhance the stress resistance. Murakami et al,
reported that fibroblasts from Snell dwarf mice show
resistance to a variety of forms of lethal injury, including
ultraviolet light, heat, paraquat, H2O2, and the toxic metal
cadmium. This cellular stress resistance may lead to
resistance to late-life diseases and frailty, and thereby increase
longevity[38]. Using DNA microarray analysis, Murphy et al[39],
found the insulin/IGF-I pathway not only do cells function
non-autonomously to regulate life span but also exert their
effect on life span by upregulating a wide variety of genes,
including cellular stress-response, antimicrobial and metabolic
genes, and by downregulating specific life-shortening genes.
In human, Barbieri et al[36], suggest that centenarians may
have been selected for appropriate insulin regulation as well
as for the appropriate regulation of tyrosine hydroxylase
gene, whose product is rate limiting in the synthesis of
catecholamines, stress-response mediators. It was shown
that catecholamine may increase free radical production
through induction of the metabolic rate and auto-oxidation
in diabetic animals[25,40].
On the other hand, although the insulin/IGF-1 pathway
is evolution conserved, the pathway in mammals is more
complicated than other low animals. While disruption of
the insulin/IGF-1 receptor in nematodes and flies increases
lifespan significantly, mammals with genetic or acquired
defects in insulin signaling pathway are at a risk for age-
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related diseases and increased mortality. This contradiction
can be explained by the acquisition of more complicated
metabolic pathways in mammalians over evolution.
Mammals have insulin/IGF-1 receptors in many organs,
but their functions are opposite if they are located in the
central nervous system or in the periphery; whereas lower
species have insulin/IGF-1 receptors signaling mainly
through the nervous system. Furthermore, mammalians
have different and very specific receptors for insulin and
IGF-1, with distinct pathways and diverse functions[41].
Human longevity is mysterious. Though we have found
the role of insulin/IGF-1 pathway in regulation of longevity,
further investigation would shed light on the molecular
mechanism of the pathway so that we will get more methods
to decrease the age-related diseases and everyone will be
centenarians.
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Abstract
AIM: Recent studies suggested that cyclooxygenase-2
(COX-2) enhances tumor angiogenesis via upregulation
of vascular endothelial growth factor (VEGF). Although
COX-2 expression has been demonstrated in hepatocellular
carcinoma (HCC), the significance of COX-2 in progression
of HCC remains unclear. This study evaluated the clinicopathological correlation of COX-2 level and its relationship
with VEGF level in HCC.
METHODS: Fresh tumor tissues were obtained from 100
patients who underwent resection of HCC. COX-2 protein
expression was examined by immunohistochemistry, and
quantitatively by an enzyme immunometric assay (EIA)
of tumor cytosolic COX-2 levels. Tumor cytosolic VEGF
levels were measured by an ELISA.
RESULTS: Immunostaining showed expression of COX-2
in tumor cells. Tumor cytosolic COX-2 levels correlated
with VEGF levels (r = 0.469, P<0.001). Correlation with
clinicopathological features showed significantly higher
tumor cytosolic COX-2 levels in the presence of multiple
tumors ( P = 0.027), venous invasion ( P = 0.030),
microsatellite lesions (P = 0.037) and advanced tumor
stage (P = 0.008). Higher tumor cytosolic COX-2 levels
were associated with worse patient survival.
CONCLUSION: This study shows that elevated tumor
COX-2 levels correlate with elevated VEGF levels and
invasiveness in HCC, suggesting that COX-2 plays a significant
role in the progression of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cyclooxygenase (COX) is a membrane-bound enzyme
responsible for the oxidation of arachidonic acid to
prostaglandin G2 and its subsequent reduction to prostaglandin
H2[1,2]. Cyclooxygenase is expressed in at least two different
isoforms, a constitutively expressed form, COX-1, and an
inducible form, COX-2 [2-4]. COX-1 is expressed in many
normal tissues and is involved in a number of homeostatic
body functions, such as hemostasis, vasodilatation in renal
vessels, and cytoprotection of the gastric mucosa[4]. The
expression of COX-2 is induced by various stimuli, such as
growth factors and cytokines, and is involved in chronic
inflammatory pathologies such as inflammatory bowel
disease[4,5]. COX-2 was recently found to have angiogenic
property[6,7]. This has attracted strong research interest in its
significance in human cancers because of the potential use
of COX-2 inhibitors in cancer therapy[8,9]. Recent studies have
highlighted the relevance of COX-2 in human carcinogenesis
and cancer progression. There is evidence that COX-2
enhances the angiogenic and metastatic potential of tumor
cells[10]. Studies in human colorectal cancer[7], head and neck
cancer[11], endometrial cancer[12] and breast cancer[13] suggested
that COX-2 is involved in the angiogenesis and progression
of these cancers. Recent data have indicated that COX-2
stimulates angiogenesis through induction of vascular
endothelial growth factor (VEGF)[12,14,15]. VEGF is known
to be a specific stimulator of endothelial cell proliferation
in many human cancers[16], and it is the most potent angiogenic
factor for tumor angiogenesis.
Hepatocellular carcinoma (HCC) is a highly malignant
tumor characterized by active neovascularization [17].
Angiogenesis plays a significant role in the aggressiveness
of HCC[18,19]. Previous studies from our group have revealed
a significant association between VEGF expression and
invasiveness of HCC[20,21] . Recently, a few studies have
demonstrated the expression of COX-2 in HCC[22-26]. Koga
et al[22], first reported the expression of COX-2 protein in
HCC, and they found increased expression of COX-2
by immunohistochemistry in well-differentiated HCCs
compared with less-differentiated HCCs or histologically
normal liver. The authors suggested that COX-2 might play
a role in the early stages of hepatocarcinogenesis, but not
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in the advanced stages of tumor progression. Kondo et al[23],
also reported a similar relationship between COX-2
expression and differentiated HCC. In addition, they found
a significant correlation between COX-2 expression and
active inflammation in the noncancerous liver. A similar
finding in the noncancerous liver was reported by Morinaga
et al[24], who otherwise found no correlation between COX2 mRNA expression and clinicopathological features in HCC.
A more recent study of COX-2 expression in HCC caused
by hepatitis B virus (HBV) revealed that COX-2 expression
correlated with VEGF expression and microvessel density
in HCC[26]. However, the role of COX-2 in tumor progression
of HCC is unclear. Hence, we performed a study to evaluate
the relationship between tumor COX-2 expression and
clinicopathological features of HCC.

MATERIALS AND METHODS
Patients and samples
Fresh tumor tissues and adjacent noncancerous liver tissues
were obtained immediately from the resected specimens
of 100 HCC patients who underwent hepatectomy at the
Department of Surgery of the University of Hong Kong
at Queen Mary Hospital, Hong Kong between January 1,
1998 and December 31, 2001. Fresh tissue samples were
snap-frozen in liquid nitrogen and stored at -80 ℃ for
analysis of cytosolic COX-2 and VEGF protein levels. For
immunohistochemistry, tissue samples were fixed in 10%
neutral buffered formalin and embedded in paraffin. Paraffin
sections of normal liver from 10 living liver donors for
transplantation were also collected for immunohistochemical
study of COX-2 expression as controls. All clinical samples
were collected with informed consent. The study was approved
by the Institutional Review Board of our institution.
Clinicopathological data
Tissue sections (4-m thick) were deparaffinized in xylene,
rehydrated in graded alcohol solution, and stained with
hematoxylin and eosin solution. Histological examination
of resected specimens was performed by a pathologist who
was blinded to the COX-2 and VEGF expression results.
Tumor differentiation was classified into three types according
to the criteria proposed by the Liver Cancer Study Group
of Japan: well-, moderately-, and poorly-differentiated[27] .
Tumors were staged by using the International Union Against
Cancer pathologic Tumor-Node-Metastasis (pTNM)
classification[28]. Histological evidence of cirrhosis in the
adjacent noncancerous livers was examined, and the adjacent
noncancerous livers were classified into those with active and
those without active inflammation according to the presence
of lymphocytic piecemeal necrosis with lobular confluent
necrosis as previously described[29]. All patients were regularly
followed in a HCC clinic and all clinicopathological and followup data were collected prospectively in a computerized
database.
Immunohistochemical study of COX-2 expression
Tumor and adjacent noncancerous liver sections were
deparaffinized and rehydrated by standard procedures of
histology. Slides were then immersed in 3% hydrogen
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peroxide for 15 min at 22 ℃ to quench endogenous peroxidase
activity. The slides were then microwaved in 10 mmol/L
citrate buffer (pH6.0) for 10 min for antigen retrieval.
After washing the slides in phosphate buffer saline for
10 min at 4 ℃, the specimens were preblocked for 10 min
at room temperature in biotin blocking reagent (DAKO,
Produktionsvej, Denmark). The biotin solution was washed
off with phosphate buffer saline thrice before application
of the first antibody. Then the slides were incubated overnight
with mouse antihuman COX-2 monoclonal antibody (dilution,
1:100; Cayman Chemical, Ann Arbor, MI) at 4 ℃. After
three washes in phosphate buffer saline, the sections were
incubated with rabbit biotinylated antimouse immunoglobulin
G (Zymed Lab Inc., San Francisco, CA) for 60 min at 37 ℃,
and then incubated with streptavidin-biotin complex/
horseradish peroxidase (DAKO, Produktionsvej) at room
temperature for 30 min. The slides were stained with 3,3’diaminobenzine tetrahydrochloride/hydrogen peroxide
solution and counterstained with hematoxylin after washing
with phosphate buffer saline. COX-2 staining was compared
with the corresponding tissue slide from the same patient
without primary antibody as negative control. Staining
of COX-2 was defined as negative when there was
undetectable or minimal (less than 10% of the tumor
cells or hepatocytes) staining for COX-2; and positive when
>10% of the tumor cells or hepatocytes were stained for
COX-2.
Measurement of cytosolic COX-2 and VEGF levels in tumor
and adjacent noncancerous liver tissues
Cytosol was obtained by sonication of tumor and adjacent
noncancerous liver tissues. In brief, frozen tissues were
sonicated in four volumes of RIPA buffer (25 mmol/L
Tris, pH7.4, 0.15 mol/L KCl, 1% NP-40, 5 mmol/L EDTA,
0.5% sodium deoxycholate, 0.1% SDS). Sonication was
performed for five cycles of 30-s bursts at 1-min intervals
on ice. The supernatant was collected after 5 min of
centrifugation at 15 000 g at 4 ℃ and assayed for the COX-2
and VEGF protein levels immediately. The total protein
concentration in the supernatants was measured using BioRad total protein assay (Bradford, Hercules, CA). Measurement
of COX-2 and VEGF levels in the tissue cytosol was
performed by two separate investigators who were not aware
of the results of each other or the clinicopathological data
of the patients.
The COX-2 protein level in tissue cytosol was determined
by using a commercial enzyme immunometric assay (EIA)
kit (Assay Designs, Inc., Ann Arbor, MI). The procedure
of the EIA provided by the manual was followed. Briefly,
100 µL of recombinant human COX-2 standard and test
samples were pipetted into a microtiter plate coated with
monoclonal antibody specific for human COX-2, and then
incubated for 1 h at 37 ℃. After washing off any unbound
substances, 100 µL of a rabbit polyclonal antibody to human
COX-2 conjugated with the enzyme horseradish peroxidase
was added to the wells to sandwich the COX-2. Finally,
substrate solution was added for color development. The
intensity of color developed, which was in proportion to
the quantity of COX-2 bound, was measured by reading
optical absorbance at 490 nm. The COX-2 level was
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determined from a standard curve generated for each set
of samples assayed.
The VEGF content of tissue cytosolic samples was
quantified by an enzyme-linked immunosorbent assay
(Quantikine Human VEGF Immunoassay, R&D Systems,
Minneapolis, MN). The assay employs the quantitative sandwich
enzyme immunoassay technique using recombinant human
VEGF and antibodies raised against the recombinant protein.
Details of the assay have been described elsewhere[21,30]. The
assay exhibits no significant cross-reactivity with other
angiogenic factors. All samples were assayed in duplicate.
Statistical analysis
Continuous variables were expressed as median and range,
and compared between groups using the Mann-Whitney
U test. Categorical variables were compared between groups
using the 2 test with Yates’ correction (or the Fisher’s exact
test where appropriate). Correlation of continuous variables
was examined using the Spearman correlation test (r).
Survival was computed using the Kaplan-Meier method
and compared between groups using the log-rank test. The
prognostic influence of tumor COX-2 levels and tumor
pathological features on survival was studied by a multivariate
analysis using the Cox regression model. All statistical analyses
were performed using a statistical software (SPSS/PC, SPSS
Inc., Chicago, IL). A P value <0.05 was considered statistically
significant.

RESULTS
Among the 100 patients with HCC studied, there were 82
men and 18 women, and the median age was 55 years (range

A

B

Figure 1 Immunohistochemical staining for COX-2. A: a section of a
HCC showing expression of the COX-2 protein (brownish staining)
predominantly in the tumor cells; B: a section of nontumorous liver
tissue showing expression of the COX-2 protein in the hepatocytes
(magnification 10×).
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16-79 years). Eighty-five patients (85%) tested positive for
HBV surface antigen, 4 (4%) tested positive for anti-HCV
antibody, and the other patients were seronegative for both
HBV and HCV. Forty-seven patients (47%) had associated
cirrhosis according to histological examination. The median
size of the tumors was 5.7 cm (range 1.5-20.0 cm).
Immunohistochemical study of COX-2 expression in tumors
and adjacent noncancerous liver tissues
Immunohistochemical staining of COX-2 in the tumors
showed that COX-2 was expressed predominantly in the
cytoplasm of tumor cells (Figure 1A). Of the tumor specimens,
56 cases were classified as positive and 44 cases as negative
for COX-2 by immunostaining.
In the adjacent noncancerous liver tissues, COX-2 was
expressed to a variable extent, predominantly in the
hepatocytes (Figure 1B). Positive staining was also observed
in endothelial cells and stromal cells in both tumor and
adjacent noncancerous liver tissues. Of the noncancerous
liver tissue specimens, 49 cases were classified as positive
and 51 cases as negative for COX-2. In contrast, immunostaining
for COX-2 was negative in all 10 specimens of normal
liver obtained from living liver donors.
Tumor and noncancerous liver cytosolic COX-2 levels and
correlation with cytosolic VEGF levels
The median cytosolic COX-2 concentration in the tumors
was 0.350 ng/mg total protein (range 0.044-1.971 ng/mg
total protein), which was not significantly different from
that of the corresponding adjacent noncancerous livers
(median 0.378 ng/mg total protein, range 0.053-1.885 ng/mg
total protein; P = 0.216). In contrast, the cytosolic VEGF
concentration in the adjacent noncancerous livers (median
22.8 pg/mg total protein, 12.7-37.6 ng/mg total protein)
was significantly lower than that in the tumors (median
46.3 pg/mg total protein, 23.0-143.6 ng/mg total protein;
P<0.001). Positive correlation was observed between tumor
COX-2 and VEGF levels (r = 0.469, P<0.001), and between
noncancerous liver COX-2 and VEGF levels (r = 0.230,
P = 0.021). A detailed study of cytosolic VEGF concentration
in tumor and noncancerous adjacent tissues and their
association with clinicopathological parameters has been
reported in a previous publication from our group[30].
Relationship between tumor cytosolic COX-2 levels and
clinicopathological features
Table 1 shows the relationship between tumor cytosolic
COX-2 levels and tumor pathological features. There was a
significant association between high tumor COX-2 levels
and the presence of multiple tumors (P = 0.027), venous
invasion (P = 0.030), microscopic satellite lesions (P = 0.037),
and advanced pTNM stage (P = 0.008). Figure 2 shows the
boxplots of tumor COX-2 levels in early stage (I/II) vs advanced
stage (III/IVA) HCCs. There was no significant association
between tumor COX-2 levels and tumor grade or tumor size
(≤ or >5 cm in diameter). When correlated as continuous
variables, there was no significant relationship between tumor
COX-2 levels and tumor size (r = 0.040, P = 0.694). Tumor
COX-2 levels did not have a significant correlation with
serum alpha fetoprotein levels either (r = 0.046, P = 0.654).
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Cumulative survival (%)

Tumor COX-2 level
(ng/mg total protein)

2.0
1.5
1.0
0.5
0.0

Low COX-2 (n = 50)

80
60

High COX-2 ( n = 50)

40
20
0

n=

50
50
Stage I/II Stage III/IVA
Tumor stage

0

Figure 2 Boxplots showing significantly higher tumor COX-2 levels
in patients with advanced tumor stage (III and IVA) compared with
those with early tumor stage (I or II) (P = 0.008). The upper and lower
horizontal lines of the box indicate the 25th and 75th percentiles,
respectively. The lines within the box indicate the median values.
The upper and lower horizontal bars indicate data within 1.5 times
the interquartile range.

Relationship between noncancerous liver cytosolic COX-2
levels and clinicopathological features
There was no significant difference in the noncancerous
liver cytosolic COX-2 levels between patients tested positive
for HBV and those tested negative for HBV (0.370 [0.0651.885] vs 0.387 [0.053-1.128] ng/mg total protein, P = 0.527),
nor was there any significant difference in the noncancerous
liver cytosolic COX-2 levels between patients with cirrhosis
and those without cirrhosis (0.401 [0.070-1.885] vs 0.370
[0.053-1.128] ng/mg total protein, P = 0.386).
There was no significant correlation between cytosolic
COX-2 levels in the noncancerous liver tissues and serum
alanine aminotransferase levels (r = 0.108, P = 0.283), aspartate
aminotransferase levels (r = 0.004, P = 0.972), albumin
levels (r = -0.124, P = 0.218) or bilirubin levels (r = 0.030,
P = 0.765). No significant difference was observed in the
cytosolic COX-2 levels in the noncancerous livers between
those patients with active inflammation (n = 48) and those
without active inflammation in the livers (n = 52) (0.405

Table 1 Relationship between COX-2 levels in tumor cytosol and
pathological features of HCC
Tumor characteristics

Tumor COX-2
cytosolic level

P

(ng/mg total protein)
Tumor size: ≤5 cm (n = 44)

0.385 (0.084–1.971)

>5 cm (n = 56)

0.350 (0.044–1.690)

Tumor number: solitary (n = 72)

0.305 (0.044–1.971)

multiple (n = 28)

0.423 (0.086–1.690)

Tumor grade: well-differentiated (n = 36)

0.376 (0.084–1.539)

0.567
0.027
0.799

Moderately- or poorly-differentiated (n = 64) 1 0.349 (0.044–1.971)
Venous invasion: absent (n = 60)

0.295 (0.083–1.325)

present (n = 40)

0.410 ( 0.044–1.971)

Microscopic satellite lesions: absent (n = 78)

0.310 (0.093–1.971)

present (n = 22)

0.495 (0.044–1.690)

Tumor encapsulation: absent (n = 71)

0.351 (0.044–1.971)

present (n = 29)

0.372 (0.084–1.325)

pTNM stage: I and II (n = 50)

0.286 (0.083–1.325)

III and IVA (n = 50)

0.410 (0.044–1.971)

1

100

0.030
0.037
0.587
0.008

Includes 60 moderately-differentiated and 4 poorly-differentiated HCCs.

10 20 30 40 50
After resection (mo)

60

Figure 3 Cumulative survival curves of patients with high tumor
cytosolic COX-2 (>0.350 ng/mg total protein) and low tumor cytosolic
COX-2 (<0.350 ng/mg total protein) levels (P = 0.027).

[0.065-1.885] vs 0.368 [0.053-1.130] ng/mg total protein,
P = 0.831).
Relationship between tumor COX-2 levels and prognosis
The 100 patients were stratified into those with a low
tumor cytosolic COX-2 level (less than the median level
0.350 ng/mg total protein) and those with a high tumor
cytosolic COX-2 level (greater than 0.350 ng/mg total
protein). Patients with a high tumor cytosolic COX-2 level
had significantly worse long-term survival compared with
those with a low tumor cytosolic COX-2 level (P = 0.027,
Figure 3). There was no significant association between
adjacent noncancerous liver cytosolic COX-2 levels (stratified
by the median value) and patient survival (P = 0.116).
Of the seven tumor pathological features listed in Table 1,
presence of venous invasion (P = 0.005) and advanced
pTNM stage (P<0.001) had significant adverse prognostic
influence on survival by univariate analysis. When these
two factors were entered into a Cox multivariate analysis
together with tumor COX-2 levels, only advanced pTNM
stage was an independent prognostic factor (risk ratio
2.138, 95% confidence interval 1.309-3.492, P = 0.002).

DISCUSSION
Since HCC is one of the most vascular human malignancies,
angiogenesis plays an important role in this tumor. However,
relatively little is known of the role of various angiogenic
factors in HCC compared with other common human
cancers[31]. Several recent reports on COX-2 expression in other
cancers show that COX-2 can induce angiogenesis and is
related to tumor growth, invasion, and metastasis[7,11-14,32,33].
Although COX-2 is also known to have an antiapoptotic
effect on tumor cells[34], its angiogenic property is believed
to play a major role in its relationship with cancer growth
and progression [35]. A few studies have evaluated the
expression of COX-2 in HCC[22,23,25,26,34]. However, unlike
the studies in other cancers, these studies in HCC have not
demonstrated a significant correlation between COX-2
expression and the pathological features of cancer invasion or
progression. Instead, some of these studies suggested that COX2 may be involved in the early stage of hepatocarcinogenesis
because of the finding of higher COX-2 expression in welldifferentiated HCC[22,23,34] . Other studies suggested that
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COX-2 may be involved in the inflammatory activity in the
adjacent noncancerous liver [23,24] . A correlation between
COX-2 expression and tumor angiogenesis in HCC has been
demonstrated in two previous studies[25,26], but these studies
did not demonstrate any correlation between COX-2 expression
and pathological features of tumor invasiveness.
To our knowledge, this is the first study that demonstrated
a significant correlation between increased tumor COX-2
expression and tumor invasiveness in HCC. Previous
studies that failed to show a significant relationship between
COX-2 expression and features of HCC invasiveness used
immunohistochemical study alone in the evaluation of
COX-2 expression, which is a crude semiquantitative
method[22,23,25,34]. This study shows that high levels of tumor
cytosolic COX-2 measured by an EIA were significantly
associated with tumor multiplicity, presence of venous
invasion, presence of microscopic satellite lesions and
advanced tumor stage. These were all features indicative
of tumor invasiveness and progression. The absence of
correlation between tumor cytosolic COX-2 levels and tumor
size suggests that COX-2 level is not simply related to tumor
growth in size but is specifically related to tumor invasiveness.
This is the only study thus far that has quantitatively
measured the tissue cytosolic COX-2 protein levels in HCC.
Previous studies that employed a similar method to quantify
VEGF levels in other cancers have shown that this method
provided a reliable quantitative evaluation of tumor expression
of the angiogenic factor, which correlated well with tumor
invasiveness and progression[36,37].
The difference in the results between this study and
previous studies by Japanese groups may also be partly
ascribed to different patient populations, as the current study
population consists of predominantly (85%) patients with
HCC related to HBV infection, whereas the majority of
patients in the Japanese studies had HCV-related HCC.
Differences in the clinicopathological characteristics of
HCCs related to HBV infection and those related to HCV
infection have been well documented[38,39]. It is possible that
COX-2 may have a different role in HCCs caused by
different viral etiologies. Such a speculation is supported by
a recent study that demonstrated induction of COX-2
expression by HBV X protein, which is often the only viral
protein expressed by transformed hepatocytes in HCC
caused by HBV infection[40]. The study showed that HBV
X protein could induce HCC cell invasion through the COX2 pathway, thus contributing to the metastatic spreading
and recurrence of HBV-related HCC.
The present study also demonstrated a significant
correlation between tumor cytosolic COX-2 and VEGF
levels in HCC. This finding is in agreement with those of
studies in other human cancers[12,14]. VEGF is a highly specific
angiogenic factor, and high tumor or serum VEGF levels
have been shown to be related to venous invasion, intrahepatic
metastasis and advanced tumor stage in patients with HCC
in our previous studies[20,21] . Several investigators have
demonstrated that COX-2-derived prostaglandins facilitate
angiogenesis by upregulation of VEGF expression, and the
increased levels of VEGF can be reversed by using COX-2
inhibitor such as Celecoxib, suggesting that COX-2 regulates
VEGF expression and angiogenesis in cancer[14,41,42]. The

April 7, 2005

Volume 11

Number 13

current study suggests that COX-2 enhances the invasiveness
of HCC probably through its angiogenic effect via the VEGF
pathway. Venous invasion and advanced tumor stage are
important risk factors of tumor recurrence after resection
of HCC[43]. The association between high COX-2 levels and
venous invasion as well as advanced tumor stage explains
its negative impact on long-term patient survival.
In this study, COX-2 expression was also detected to a
variable degree in the noncancerous liver tissues, which were
affected by cirrhosis or chronic hepatitis in most cases. In
contrast, COX-2 was not expressed in normal liver tissue
taken from living liver donors. In addition to its effect on
angiogenesis, COX-2 is a mediator of chronic inflammation.
Upregulated expression of COX-2 in the adjacent noncancerous
livers has been demonstrated in previous studies of HCVrelated HCC[23,24]. Other studies have also shown that there
is little or no expression of COX-2 in normal liver without
HBV or HCV infection[23,44]. However, while previous studies
in patients with HCV infection showed a significant
relationship between COX-2 expression and inflammatory
activity in the noncancerous livers[23,24], our data did not reveal
a significant association between cytosolic COX-2 levels
and the inflammatory activity in the adjacent noncancerous
livers in HBV-related HCCs. There was no significant
correlation between COX-2 expression in the noncancerous
liver tissues and serum transaminase levels, which indirectly
reflect hepatitis activity in the liver. Our results are in
agreement with a recent study that reported elevated COX2 expression in chronic hepatitis in patients with HBV
infection, but the COX-2 expression level did not correlate
with inflammatory activity in that study either[44].
The role of COX-2 in the noncancerous liver of HCC
patients remains to be clarified. A recent study suggested
that COX-2 may be involved in liver fibrosis[45]. Another
study showed that VEGF expression is increased in cirrhosis
and may mediate angiogenesis in cirrhotic liver in HCC
patients[46]. The present study demonstrated for the first time
a significant correlation between COX-2 and VEGF in the
noncancerous liver tissues, suggesting that COX-2 may also
be involved in the angiogenesis in chronic liver disease
through the VEGF pathway. COX-2 may play a specific
role in the chronic liver disease induced by HBV. HBV X
protein has recently been found to induce VEGF expression
and angiogenesis in HBV-infected noncancerous liver, which
may contribute to hepatocarcinogenesis[47]. HBV X protein
has also been shown to induce COX-2 expression[40]. Together
with our finding of positive correlation of COX-2 and VEGF
levels in the noncancerous liver, it is reasonable to speculate
a role of COX-2 in the angiogenesis and hepatocarcinogenesis
induced by HBV X protein. However, the relationship
between COX-2 and HBV X protein in HBV-infected liver
needs clarification with further studies.
The elucidation of the significance of COX-2 in the
invasiveness and progression of HCC is of potential clinical
importance as it provides insight into the feasibility of
using COX-2 inhibitors as an anticancer therapy for HCC.
Nonsteroidal anti inflammatory drugs have been shown to
exhibit antineoplastic activity in a number of malignancies
because of their ability to inhibit COX-2[6,8]. Recently, specific
COX-2 inhibitors have been developed and shown to possess
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antitumor activity through inhibition of angiogenesis[48] .
COX-2 is an important therapeutic target in tumor angiogenesis,
and COX-2 inhibitors are being intensely investigated as a
novel anticancer therapy[8,9]. A recent experimental study
has demonstrated that COX-2 inhibitors could inhibit
angiogenesis and growth of prostate cancer[49]. It has been
suggested that COX-2 inhibitors may be an effective strategy
of chemoprevention of HCC[50]. The data from this study
provide the rationale for future studies to evaluate the use
of COX-2 inhibitors not only for chemoprevention but also
as a therapy for established invasive HCC. Currently, we
are conducting a study on the effect of a COX-2 inhibitor,
Celecoxib, on human HCC xenotransplant in a nude mice
model. Our preliminary unpublished data show that
Celecoxib could inhibit the growth of HCC xenotransplant.
COX-2 inhibition may be useful in the treatment of
inoperable HCC, either as a monotherapy or in combination
with other therapies, and it may also be useful as an adjuvant
therapy to prevent recurrence after resection of HCC. This
is an attractive approach worthy of further investigation in
view of the current lack of effective chemotherapy for
HCC[43].
In conclusion, this study shows that tumor cytosolic
COX-2 levels correlate with VEGF levels and pathological
features of tumor invasiveness in HCC. The possible
involvement of COX-2 in the angiogenesis and invasiveness
of HCC represents a novel finding that not only provides
clues for a better understanding of the tumor biology of
HCC, but also unveils a potential novel target for therapy
against this aggressive malignancy.
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Abstract
AIM: To investigate the inhibitory effect of tumor suppressor
p33ING1b and its synergy with p53 gene in hepatocellular
carcinoma (HCC).
METHODS: Recombinant sense and antisense p33ING1b
plasmids were transfected into hepatoma cell line HepG2
with lipofectamine. Apoptosis, G0 /G1 arrest, cell growth
rate and cloning efficiency in soft agar of HepG2 were
analyzed after transfection. In three hepatoma cell lines
with different endogenous p53 gene expressions, the
synergistic effect of p33ING1b with p53 was analyzed by flow
cytometry and luciferase assay was performed to detect
the activation of p53 downstream gene p21WAF1/CIP1. In
addition, the expression and mutation rates of p33ING1b in
HCC tissues were measured by immunohistochemistry
and polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP).
RESULTS: Overexpression of p33ING1b inhibited cell growth
of HepG2, induced more apoptosis and protected cells
from growth in soft agar. Combined transfer of p33ING1b and
p53 gene promoted hepatoma cell apoptosis, G0/G1 arrest
and elevated expression of p21WAF1/CIP1. Immunostaining
results showed co-localized P33 ING1b with P53 protein in
HCC tissues and there was a significant relation between
protein expression rates of these two genes (P<0.01).
Among 28 HCC samples, p33ING1b presented a low gene
mutation rate (7.1%).
CONCLUSION: p33ING1b collaborates with p53 in cell growth
inhibition, cell cycle arrest and apoptosis in HCC. Loss or
inactivation of p33ING1b normal function may be an important
mechanism for the development of HCC retaining wildtype p53.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Inhibitor of growth 1, ING1, is a newly cloned tumor
suppressor[1], and appears to play a role in programed cell
death and cell cycle arrest, whereas antisense ING1 protects
cells from apoptosis in various experimental systems. Ectopic
expression of ING1 cDNA or ING1 suppression by antisense
RNA demonstrates that ING1 is a negative regulator of
cell proliferation[2-4] . ING1 protein has been reported to
bind directly to p53 protein by immunoprecipitation in vitro,
modulating the function of p53 as a transcription activator[5].
ING1 gene is mapped on human chromosome, 13q33-34,
a region that has been implicated in the progression of
various tumors[6,7]. Deregulated expression and mutation of
ING1 gene are found in breast carcinoma, oral/esophageal
squamous cell carcinoma, gastric carcinoma and malignant
lymphoma, etc. [9,12-16]. It was also found that ING1 gene
encodes several differentially initiated and spliced mRNAs,
which have common 3’exon and encode at least two distinct
proteins in mice, and possibly three distinct proteins in
human cells (p47 ING1a, p33 ING1b, and p24 ING1c). RT-PCR
analysis showed that the ING1b form is a major transcript
in human normal tissues. All the known ING1 protein
isoforms share an identical C-terminal domain with a
conserved PHD finger motif, which might directly interact
with DNA[17,18,33].
HCC is one of the 10 most common cancers in the
world and is almost uniformly fatal. The genetic events
leading to the development of hepatocellular carcinoma
are not well documented. Gene mutation and dysfunction
of wild-type tumor suppressor p53 are important molecular
events in the process of hepatocarcinogenesis[19-32]. p33ING1b
has a close relationship with p53 and neither p53 nor p33ING1b
alone can cause cell growth inhibition[4,5], which prompted
us to investigate their potential role in hepatocellular
carcinogenesis. We examined whether genetic mutation
and altered protein expression of p33 ING1b and p53 were
responsible for the development and progression of human
HCC.
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MATERIALS AND METHODS
Materials
Human hepatoma cell lines HepG2, PLC/PRF/5, and
Hep3B were maintained in Dulbecco’s MEM with 10%
FCS (Hyclone), 2 mmol/L L-glutamine, and antibiotics at
37 ℃ in a 50 mL/L atmosphere. Plasmid pCI-ING1b (kindly
provided by Dr. Karl Riabowol, Department of Medical
Biochemistry, Calgary University, Canada) was digested with
EcoRI/XbaI and XhoI/BamHI, and the resultant 900 bp
fragment (ING1b cDNA full length) was ligated into the
pcDNA3 vector (Invitrogen) containing the neomycinresistance gene. This recombinant produced sense pcDNA3p33ING1b plasmid (EcoRI/XbaI-digested) and antisense
plasmid, pcDNA3-p33ING1b (XhoI/BamHI-digested).
Recombinant plasmids pCMV containing sense and antisense
wild-type p53 gene were constructed in our laboratory
(reported in other manuscripts, data not shown). Plasmid
WWP-LUC containing the promoter of p21 WAF1/CIP1 gene
derived the expression of a luciferase reporter gene (kindly
provided by Dr. B. Vogelstein, John Hopkins Oncology
Center).
HCC and para-cancerous liver tissues were obtained
from 57 patients with hepatocellular carcinoma who
underwent surgery between 1997 and 2002 at the Department
of Pathology, Changhai Hospital, Second Military Medical
University. Twelve normal liver tissues were obtained from
autopsy. All tissues were fixed in 10% formalin and paraffinembedded.
Transient transfection
To determine the effects of p33ING1b and p53 gene upon the
growth of hepatoma cells, 1×106 cells of HepG2, PLC/PRF/
5, and Hep3B were plated overnight and co-transfected by
Lipofectamine 2000 (Gibco BRL) following the manufacturer’s
instructions. The plasmids used in co-transfection were
divided into four groups. HepG2 cells with endogenous
wild-type p53 gene [22] were transfected with 3 g of
pcDNA3-p33ING1b, pcDNA3-p33ING1b, pcDNA3p33ING1b+pCMV- wtp53, respectively, and pcDNA3
vector alone as a control. PLC/PRF/5 cells with endogenous
mutant p53 and Hep3B with endogenous p53 completely
deleted[22] were treated with 3 g of pcDNA3-p33ING1b,
pcDNA3-p33ING1b+pCMV-wtp53, pcDNA3-p33ING1b
+pCMV-wtp53, respectively, and pcDNA3 plain vector
alone as control group. Cells were incubated overnight with
the lipofectamine mix, then washed with PBS and maintained
in complete medium.
Apoptosis and cell cycle arrest assay
Forty-eight hours after transfection, cell apoptosis was
assayed using annexin V-FITC apoptosis detection kit (BD
PharMingen, USA). Cells were collected, washed twice with
cold PBS and resuspended in binding buffer (10 mmol/L
Hepes/NaOH pH7.4, 140 mmol/L NaCl, 2.5 mmol/L CaCl2,
sterile filtered) at a concentration of 1×106 cells/mL. One
hundred microliters of the solution was transferred to a
5 mL culture tube, and 5 L of annexin V-FITC and 5 L
of propidium iodide were added, then the cells were gently
vortexed and incubated for 15 min at room temperature in
the dark. Cell apoptosis was analyzed with FACSalibur.
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CycleTEST plus DNA reagent kit (Becton Dickinson, CA)
was applied to the cell cycle arrest assay. The number of
each cell cycle phase was determined by FACSalibur following
instructions of the manufacturer. All these assays were
repeated at least twice.
Growth of HepG2-pcDNA3-p33ING1b, HepG2-pcDNA3-
p33ING1b, and HepG2-pcDNA3 in serum medium and soft agar
HepG2 cells were plated at 1×10 6 cells per 100 mm dish
and incubated overnight, then transfected with 3 g of
pcDNA3-p33ING1b, pcDNA3- p33ING1b, respectively,
and pcDNA3 vector alone as a control by lipofectamine
2000 (Gibco BRL). After transfection, the cells were selected
in 800 g/mL of G418 (Gibco BRL) for 3 wk. All resistant
colonies were tripsinized and grown in complete medium.
Resistant colonies of HepG2-pcDNA3-p33ING1b, HepG2pcDNA3- p33ING1b and HepG2-pcDNA3 cells were
grown in complete medium and the number of viable cells
was determined at daily intervals for 7 d after seeding. Cell
viability was determined by trypan blue staining. All
experiments were constructed in triplicate, and the results
were evaluated blindly. For growth in soft agar, 1×104 cells/
well were seeded in triplicate into six-well plates and allowed
to grow for 21 d. The colonies were counted under a phase
contrast microscope.
Luciferase assay
HepG2, PLC/PRF/5 and Hep3B cells were added to 24well plates (1×10 5 cells/well) and incubated overnight in
complete medium, then cotransfected using lipofectamine
method. The plasmids transfected into each cell line were
the same as in the apoptosis assay but plus 0.2 g of the
reporter plasmid WWP-LUC and 10 ng of an internal control
renilla luciferase plasmid, pSV40 (Promega, Madison, WI)
in each well. Cells were harvested 48 h after transfection.
The activities of firefly and renilla luciferase were measured
with a luminometer simultaneously using the dual-luciferase
reporter assay kit (Promega) and normalized for the variation
in transfection efficiency. All tests were done in triplicate.
Ethanol treatment
After transient transfection, the cells were treated with
60 mL/L ethanol in complete medium or PBS as control
to induce apoptosis. Four hours after treatment, all cells
(adherent or floating) were collected by trypsinization. Then
apoptosis assay and luciferase assay were repeated again as
described above. All tests were done in duplicate.
Immunohistochemistry
Protein staining of p33ING1b and p53 of 57 HCC and paracancerous tissues was determined using EnVision method
(DAKO). Histological sections (4-m thick) on 0.02% polyL-lysine coated slides (Sigma Chemical Co.) were deparaffinized
and rehydrated, and the endogenous peroxidase activity was
blocked by incubation with 2% H2O2 in phosphate buffer,
followed by microwave antigen retrieval in citrate buffer
(pH6.0). Nonspecific binding was blocked with goat serum,
and sections were incubated with p33ING1b antibody and p53
antibody (clone DO-7, purchased from American antibody
Corp. USA) overnight at 4 ℃, respectively. Having washed
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Statistical analysis
The relationship between p33ING1b and p53 protein positive
staining was evaluated using Wilcoxon signed rank test. The
growth difference of HepG2-p33ING1b and HepG2-
p33ING1b in soft agar was analyzed by Student’s t-test. All
data were represented as mean±SD. P<0.05 was considered
statistically significant.

thrice to eliminate the residual antibody, the sections were
incubated with EnVision complex. The reaction was developed
by incubation with 3,3’-diaminobenzidine tetrahydrochloride
(Sigma Chemical Co.), washed and counterstained with
hematoxylin.
Genomic DNA extraction and PCR-SSCP analysis
Genomic DNA from 28 cases of HCC was isolated from
paraffin-embedded tissues by SDS/proteinase K treatment,
phenol-chloroform extraction and ethanol precipitation[8].
The coding region of ING1b gene exon-1a was amplified
by PCR with primers S1(5’ATGTTGAGTCCTGCCAACGGGGA3’) and AS1 (5’CTCTTGGTATTTCGCGTCGAT3’). Exon-2 was amplified as four overlapping fragments
with four primer sets: S2 (5’ATCCTGAAGGAGCTAGACGAGTGC3’) and AS2 (5’CTTGCCGCTGTTGCCCGCTG3’), S3 (5’TTCGAGGCGCAGCAGGAGCT3’)
and AS3 (5’CTTGGCCTTCTTCTCCTTGGG3’), S4
(5’CAGCAACCACGACCACGACG3’) and AS4 (5’TGAGCCCCACGCACGAGAAG3’), and S5 (5’CCTCCCCATCGACCCCAACG3’) and AS5 (5’CTACCTGTTGTAAGCCCTCTC3’). PCR mixture contained 100 ng of
genomic DNA as the template, with 1.2 mmol/L MgCl2,
1×PCR buffer, 200 mol/L of each deoxynucleotide
triphosphate, 20 pmoL of each primer and 1 unit of rTth
DNA polymerase XL (Perkin Elmer, Foster city, CA) in a
50 L volume. After 35 cycles, 1 L of PCR product was
mixed with 8 L of loading dye (95% formamide, 20 mmol/L
EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol),
heat denatured, chilled on ice, and applied onto 8%
polyacrylamide gel with 5% glycerol. The bands were then
detected by silver staining. Aberrantly migrating bands were
excised, re-amplified with the same sets of primers, then
cloned into EcoRV-digested PMD18-T vector (TaKaRa Corp.
Japan) and sequenced (completed by TaKaRa Corp. Japan).
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RESULTS
Drastically enhanced apoptosis and G0/G1 arrest in hepatoma
cells by synergy of p33ING1b with p53
In HepG2 cells with endogenous wildtype p53 gene, the
apoptosis rate of HepG2-pcDNA3-p33ING1b (22.53±1.4%)
was significantly higher than those of other HepG2
experiment groups (P<0.01, Figures 1A-C). The proportion
of HepG2-pcDNA3-p33ING1b cells arrested at G0/G1
phase (67.45±9.6%) was much more than cells transfected
with vector or other control plasmids (P<0.05, Table 1)
(Figure 1D-G). To further investigate the synergistic effect
of p33 ING1b with p53, HepG2 cells were treated by 6%
ethanol. After treatment, the apoptosis rate of HepG2
experiment groups was elevated, and the elevation extent
of HepG2-pcDNA3-p33ING1b was the most significant
(48.92±1.6%, P<0.01, Figures 1A-C).
In PLC/PRF/5 cells with endogenous mutant p53, the
difference in apoptosis rate between cells cotransfected with
pcDNA3-p33ING1b and pCMV-wtp53 (7.81±0.3%) and
control plasmid was not significant (P>0.05). After 6%
ethanol treatment, apoptosis of all PLC/PRF/5 experiment
groups was enhanced. The apoptosis rate of cotransfection
with p33 ING1b and wtp53 (42.8±1.3%) was significantly
higher than that of other groups (P<0.01). In addition, the
apoptosis induced by cotransfection with p33ING1b and wtp53
(1.59±0.2%) in Hep3B cells without endogenous p53
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Figure 1 FACS analysis of cell apoptosis in three hepatoma cell lines (A-C) and arrest of HepG2 cells at G0 /G1 cell cycle (D-G).
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(1.59±0.2%) was significantly lower than that in HepG2pcDNA3-p33ING1b group, but the difference in apoptosis
rate between each experiment group of Hep3B was not
significant (P>0.05). After 6% ethanol treatment, the difference
was still not significant although the apoptosis rate of each
Hep3B experiment group had a slight increase (Figure 1AC). The proportion of PLC/PRF/5 cells cotransfected with
p33ING1b and wtp53 arrest at G0/G1 phase (78.16±10.6%)
was significantly higher than those in other control groups
(P<0.05), but the difference between each Hep3B experiment
group was not significant (P>0.05, Table 1).
Overexpression of p33ING1b inhibited hepatocellular growth and
survival
The growth curve of HepG2 cells showed that HepG2pcDNA3-p33ING1b cells grew significantly slower than
HepG2-pcDNA3 and HepG2-pcDNA3-p33ING1b cells
(P<0.01, Figure 2). Additional experiments were conducted
to test whether p33 ING1b overexpression correlated with
anchorage-independent growth in soft agar. Results showed
that the growth in soft agar of HepG2-pcDNA3-p33ING1b
cells with p33ING1b overexpression was inhibited compared
with that of HepG2-pcDNA3 cells (P<0.01). However,
HepG2 cells stably transfected with pcDNA3- p33ING1b
significantly promoted the anchorage-independent growth
in soft agar (P<0.01, Table 2).
Synergistic effect of p33ING1b with p53 on activating p53
downstream gene, p21WAF1/CIP1
The results of luciferase assay showed that the activity of

Table 1 G0 /G 1 cell cycle arrest analysis of hepatoma cells after
cotransfection with p33ING1b and wtp53 gene or control plasmids
(mean±SD, %)
Cell line

Transfection plasmids

HepG2

p33ING1b

67.45±9.6a

p33ING1b

53.45±10.1

PLC/PRF/5

Hep3B

a

G0/G1 arrest

p33ING1b+wtp53

55.61±8.3

pcDNA3

58.78±10.3

p33ING1b

64.79±11.1

p33ING1b+wtp53

78.16±10.5c

p33ING1b+ wtp53

60.17±9.8

pcDNA3

56.56±8.8

p33ING1b

48.90±7.6

p33ING1b+wtp53

55.91±10.1e

p33ING1b+ wtp53

50.92±8.5

pcDNA3

52.87±7.0

P<0.05, cP<0.05, and eP>0.05 vs the control groups.
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b
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Figure 2 Growth curves for HepG2 cells stably transfected with
pcDNA3 (▲), pcDNA3-p33ING1b (●), or pcDNA3- p33ING1b (■) in
complete medium containing 10% serum.

p21 WAF1/CIP1 promoter in HepG2-pcDNA3-p33ING1b
(13.81±1.0), or PLC/PRF/5 (12.99±1.1) and Hep3B cells
(10.32±0.6) cotransfected with p33 ING1b and wtp53 genes
was significantly stronger than that in control cells transfected
with insert-free vector (3.027±0.4) (P<0.01). Whereas after
transfection with antisense-p33 ING1b and antisense-wtp53
plasmids, the activity of p21WAF1/CIP1 promoter activated by
p33ING1b or p53 gene alone was significantly lower than that
activated by p33ING1b and p53 in combination (P<0.01), and
similar to that activated by transfection with plain vector
(P>0.05). After 6% ethanol treatment, the activity of
p21WAF1/CIP1 promoter was elevated in all experiment groups,
especially in HepG2-pcDNA3-p33ING1b (17.82±0.8),
Hep3B and PLC/PRF/5 cells cotransfected with p33ING1b
and wtp53 genes (18.128±1.0 and 16.82±0.7, respectively)
(P<0.01, Figure 3). These results indicate that the function
of p53 as a transcriptional activator depends on the presence
of p33ING1b, and the synergistic action of p33ING1b with p53
might enhance the activation of p21WAF1/CIP1.
Expression of p33ING1b and p53 and mutation analysis of p33ING1b
gene in HCC
Immunohistochemistry results revealed that both p33ING1b

Table 3 Relation of p33ING1b and p53 protein expression in HCC
tissues
p53
p33ING1b expression
HCC

Cases (n)
–

+

++

+++

57
–

33

19

7

3

4

+

10

4

3

2

1

++

10

0

0

3

7

+++

4

1

1

2

0

Para-cancerous tissues

Table 2 Cloning efficiency of HepG2 cells after transfection of sense
and antisense p33ING1b gene (mean±SD)
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b

P and dP<0.01, vs HepG2-pcDNA3 control.

Note: Staining was estimated as follows: –, negative; +, weak; ++, intermediate;
+++, strong positive staining.
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Figure 3 Analysis of p21WAF1/CIP1 promoter activation in three hepatoma cell lines.

and p53 proteins were all nuclear positive in paraffinembedded tissues from 57 cases of HCC. The positive
rate of p33ING1b and p53 was 42.1% and 57.9%, respectively.
Both had the same positive localization in HCC tissues, and
their expression had a positive correlation (Wilcoxon test,
r = 0.783, P<0.01). In 13 out of 51 para-cancerous liver
tissues and 2 out of 12 normal liver tissues, p33ING1b protein
presented weak staining, whereas p53 protein was negative
in all para-cancerous liver tissues and normal liver tissues
(Table 3 and Figure 4).
No aberrant PCR-amplification products were found in
tumor and para-cancerous tissues compared with normal
liver tissues, suggesting that ING1b gene did not have a
fragmental frame shift or more than a dozen of base pairs
deletion in HCC. Five HCC cases presenting abnormal band
shifting were identified by SSCP, two of them showed a G
to C transversion at the middle nucleotide of codon 215
with an amino change in ING1b gene exon2 by DNA
sequencing, resulting in a cysteine to serine substitution.
p33ING1b gene did not exhibit mutation in para-cancerous

tissues. All the point mutations were confirmed by repeated
PCR amplification and sequencing from both ends (Figure 5).
The frequency of missense mutation of the ING1b gene
in HCC was low (7.1%). Our results were consistent with
those of head and neck squamous cell carcinoma (13%)
reported by Gunduz et al[18], and esophageal squamous cell
carcinoma (12.7%) reported by Chen et al[16].

DISCUSSION
Ectopic expression of the first isolated human ING1 cDNA
is growth-suppressive in different cell lines[1,2]. One of the
reasons why this gene has gained increasing attention from
the biological community is that it has no structural similarity
with p53, but has many tumor suppressive functions including
growth arrest, apoptosis, senescence and sensitization to
drug treatment. p33ING1b, one of the alternative transcripts
of ING1 gene, is physically associated with p53, further
proving its role in carcinogenesis [4,5]. As an important
member of p53-interacting proteins family, p33ING1b inactivation

A

B

C

D

Figure 4 IHC staining for p33ING1b on HCC (A), para-cancerous tissues (B), and normal liver tissues (C), and for p53 on HCC (D). A and D: p33ING1b
and p53 were nuclear-positive and located in the same area of HCC, ×400; B and C: p33ING1b presented weak IHC staining, ×200.
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might be another critical reason for the loss of tumor
suppressive function of p53 in HCC. Moreover, the tumor
suppressive activity of p33ING1b requires an intact p53 gene,
neither of these two genes can inhibit tumor cell growth
when one of them is suppressed[26,27,35].
We found that overexpression of p33ING1b inhibited the
growth of HepG2 cells and suppressed the cell anchorageindependent survival in soft agar, which is consistent with
the tumor-suppression role of p33ING1b in the development
of HCC. However, the synergic effects of p33 ING1b and
p53 on apoptosis and cell cycle arrest in hepatoma cell lines
have not been well established. In this study, overexpression
of p33 ING1b effectively inhibited the growth of hepatoma
cells and protected cells from malignant transformation;
cointroduction of p33ING1b and p53 enhanced apoptosis of
hepatoma cells, arrested more cells at G1/G0 phase and
elevated the expression of p21WAF1/CIP1 gene compared with
introduction of either p33ING1b or p53 gene alone; the expression
of p33ING1b and p53 proteins had a close relation and exhibited
the same positive staining localization in HCC; p33ING1b gene
had a low mutation rate (7.1%) in HCC. These results suggest
that p33ING1b plays an important role in refraining the process
of hepatocarcinogenesis and the cooperation of p33 ING1b
and p53 is essential to normal biological functions of these
two genes[29-31]. However, this cooperation in hepatoma cells
might be influenced by other factors such as HBV infection
or Rb gene deletion.
There is evidence that HBV X antigen is capable of
binding to wild-type p53 protein, leading to p53 inactivation
and accumulation in HBV-infected liver cells, which in turn
result in HBV-associated hepatocarcinogenesis[25,32]. p33ING1b
protein also binds to p53 protein and forms a complex in
vivo. It is hypothesized that HBxAg may interact with p53p33ING1b protein complex and influence the biological synergy
of p33ING1b with p53. After cotransfection of p33ING1b and
p53 into PLC/PRF/5 or Hep3B cells infected with HBV,
apoptosis and G0/G1 arrest are elevated, but the extent is
not as significant as that in HepG2 cells without HBV
infection[22]. These results suggest that HBV may play an
important role in repressing the cooperation of p33 ING1b
with p53. Whether HBV can directly bind to p33ING1b protein
and the mechanism of HBV inactivating p33 ING1b remain
to be studied.
Tumor suppressors contribute to the regulation of
mammalian cell cycle and apoptosis, largely through
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Figure 5 Altered migration pattern of PCR products of p33ING1b
gene from HCC genomic DNA by SSCP. N, normal DNA; T, tumor DNA;
S, para-cancerous tissue DNA.
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interaction with multiple proteins, which form a complex
gene network[28,33]. P33ING1b is an important member of p53related gene network, and other downstream genes may
influence the synergy of p33ING1b with p53. It is interesting
that in Hep3B cells with HBV infection and endogenous
Rb gene complete deletion[22], apoptosis and cell cycle arrest
induced by combined transfection of p33ING1b and p53 gene
are much lower than those in HepG2 and PLC/PRF/5
cells, suggesting that loss of normal function of other
important genes, such as Rb gene, may be a potential
mechanism for inactivation of p33ING1b and its cooperation
with p53.
The data from other laboratories demonstrate that
overexpression of p33ING1b in human fibrosarcoma cell lines
containing endogenous wild-type p53 greatly increases cell
sensitivity to DNA damage caused by chemotherapeutic
drug etoposide or  irradiation[5]. Our study showed that
combined transfer of p33 ING1b and p53 enhanced cell
sensitivity to ethanol, rendered more cell apoptosis and
arrested in G0/G1 phase, and strongly activated the expression
of downstream gene p21WAF1/CIP1, suggesting that the synergy
of p33ING1b with p53 may enhance the tumor-suppressing
effect of chemotherapy on HCC.
Although the sequence of ING1 gene is not altered
frequently, previous study also noted the presence of
p33 ING1b gene mutation in head and neck squamous cell
cancer (HNSCC)[18] and esophageal squamous cell cancer
(ESCC)[16], which are similar to our HCC results. There
is accumulating evidence that gene mutation is not the
main mechanism of biological inactivation of p33 ING1b in
HNSCC[18] . Many studies have shown that p33ING1b protein
is downregulated in other cancers such as breast cancer,
gastric and colon cancer, malignant lymphoma, but
methylation of the ING1 promoter region occurs in
HNSCC[8-16] . ING1 gene may serve as a “class II tumor
suppressor” being inactivated at the level of RNA rather
than DNA[36,37]. As p33ING1b and p53 have a close cooperation,
low expression of p33 ING1b protein may be a mechanism
underlying the inactivation of wild-type p53 in these cancers.
Immunostaining in this study showed that p33ING1b and p53
had a positive relation in HCC tissues and both had the same
nuclear localization. Cells positive for p53 staining can
express mutant p53 protein because of its prolonged halflife, and cells expressing wild-type p53 protein are usually
negative for p53 staining. Our results demonstrate that
p33ING1b might also have a close relation with mutant p53
and wtp53. It is still not clear which domain of p53 protein
binds to p33ING1b protein. If mutation does not locate in the
interaction domain of p53, physical interaction between
p33ING1b and p53 proteins would not be affected. Whether
p33 ING1b binds to mutant p53 still has normal biological
functions needs further study.
In conclusion, p33ING1b cooperates with p53 in inhibiting
hepatoma cell growth. Whether the interaction between these
two genes occurs at other levels such as at p53 DNA binding
level or p53 nuclear transport needs further investigation.
The involvement of p33ING1b in p53 signaling pathway indicates
that p33ING1b is essential for p53 function, loss or inactivation
of p33ING1b may contribute to malignant transformation of
HCC retaining wild-type p53.

Zhu Z et al. p33ING1b and p53 in hepatocellular carcinoma
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Abstract
AIM: To investigate the expression of cell apoptosis,
proliferation and the related regulators p27, p53 in
hepatocellular carcinoma (HCC).
METHODS: The expression of p27, p53, proliferating cell
nuclear antigen (PCNA) and apoptosis in 47 HCC specimens
and 42 surrounding non-cancerous tissues were detected
by the immunohistochemistry and terminal deoxy-nucleotidyl
transferase-mediated nick end labeling (TUNEL) technique.
Meanwhile, the clinical significance of them was analyzed
combining with the clinicopathological factors and followup data.
RESULTS: (1) The average proliferating index and
apoptotic index in HCC were significantly higher than that
in adjacent liver tissues. The proliferating index was
associated with extrahepatic metastasis. The apoptotic
index was significantly lower in TNM stage I-II than
in stage III-IV. The proliferating index of groups with
p53-/p27+ was significantly lower than that in group
with p53+/p27- (P = 0.030); (2) The level of p27 in the
cytoplasmic fraction was higher in non-tumoral liver
tissues and was associated with clinical stage; (3) Survival
analysis showed advanced stage (P = 0.031) and with
extrahepatic metastasis (P = 0.045) was significantly
associated with shorter survival. In addition, the prognosis
of patients with p53-/p27+ was longer than that of
patients with p53+/p27- (P = 0.0356).
CONCLUSION: The p53 mutation and decreased p27
expression might be involved in the imbalance of
proliferation and apoptosis in HCC. Cytoplasmic displacement
might lead to the inactivation of p27 protein in HCC cells
and acts early during carcinogenesis of HCC. The combined
examination of p27, and p53 expression allows reliable
estimation of prognosis for patients with primary hepatic
carcinoma.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors in China, and the incidence of HCC
reported has apparently increased in recent years[1-3]. Cancer
has been considered as uncontrolled cell proliferation for a
long time. But from 1974, when the conception of apoptosis
was suggested, it gradually became clear that dysregulation
of apoptosis may be involved in the pathogenesis of
cancer[4,5]. Apoptosis plays a reciprocal role to the proliferation
in the maintenance of steady cellular populations in normal
tissues. It might have an important function in both cancer
development and treatment. Cell homeostasis is regulated
by the balance between proliferation and apoptosis. Tumor
growth results from an imbalance between cell proliferation
and apoptosis. Uncontrolled cell proliferation and imbalance
between proliferative and apoptotic activity are fundamental
features of neoplasms.
The homeostasis between proliferation and apoptosis is
tightly controlled by the order progress of cell cycle, which
is regulated by cyclins, cyclin-dependent kinases and their
inhibitors[6]. Abnormalities in various regulators of cell cycle
frequently occur in human cancers and can lead to the
imbalance between cell proliferation and apoptosis. p27 and
p53 are known to be involved in the regulation of proliferation
and apoptosis[7,8]. There have been many reports concerning
the aberrant expression of p27 and p53 in HCC, but few
reports have studied the relationship between the aberrant
expression of the two important regulators and the imbalance
of cell proliferation and apoptosis. In the present study we
analyzed apoptosis by in situ 3’ end labeling of the DNA
and compared its relationship with p27 and p53 expression
as well as with clinicopathological features and patients’
prognosis.
MATERIALS AND METHODS
Patients and tumor samples
From January 2000 to January 2003, 47 samples were
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collected from patients in First Hospital of Xi’an Jiaotong
University and 42 samples had adjacent nontumoral liver
tissues. Thirty-eight patients were men, and 9 were women.
The median age was 47 years, with age-range from 29 to
77 years. Thirty-seven of 47 HCCs arose in cirrhotic liver.
All tumors were histologically diagnosed. Tumor gross type
and stage were diagnosed using Eggel’s classification and
Union Internationale Contre le Cancer (UICC) criteria.
Tumor cellular differentiation was identified by Edmondson’s
classification. Forty patients (85%) had HBV infection,
and 2 (4%) had a history of alcohol abuse. The remaining
5 (11%) had chronic liver diseases unrelated to HBV or
alcohol. No patient received pre-operative chemotherapy
or chemoembolization. The clinicopathologic features of
47 patients with HCC are listed in Table 1.
After curative surgery, all patients were followed up every
3 mo till death. They were followed from 2 to 36 mo (mean
15 mo). Actuarial survival was measured from the day of
surgical operation to the date of death or last follow-up.

counterstained with hematoxylin, dehydrated, cleared and
mounted. A human breast cancer specimen was used as a
positive control for p53 and p27, while the reactive tonsil
was used for PCNA. Negative controls were performed by
replacing the primary antibody with non-immune mouse
serum or PBS.

Table 1 Clinicopathological characteristics of 47 patients

Immunostaining evaluation
Slides were mounted independently by two investigators
without notifying any clinical or pathological information.
For p53 and p27, the tissue sections with more than 10%
immunoreactivity in at least 1 000 HCC cells from at least
five randomly selected fields were defined as positive, and
those with less than 10% immunoreactive tumor cells were
defined as being negative. The proliferating and apoptotic
index were defined as the percentage of tumor cells displaying
immunoreactivity from at least five randomly selected
microscopic fields.

Clinicopathological parameters

Number

%

Gross type
Massive

21

44.7

Nodular

26

55.3

Tumor size
≤5 cm

19

40.4

>5 cm

28

59.6

39

82.9

8

17.1

I+ II

13

27.7

III+IV

34

72.3

Present

19

40.4

Absent

28

59.6

Present

15

31.9

Absent

32

68.1

Cellular differention
I+ II
III+IV
Stage

Capsular infiltration

Extrahepatic metastasis

Immunohistochemical study
Liver samples were routinely fixed in 40 g/L formaldehyde
solution and embedded in paraffin. After slicing into 4 mthick sections, IHC was performed using Dako ElivisionTM
plus two-step System. In brief, the sections were dewaxed
in xylene and rinsed in alcohol and graded alcohol/water
mixtures. Then, 30 mL/L hydrogen peroxide was applied
to block endogenous peroxidase activity. The sections were
subsequently treated in a microwave oven twice for 5 min
in citrate buffer (pH6.0) at high power. After blocking with
goat serum, the mouse monoclonal antibodies against p53
(ZM-0408), p27 (ZM-0340) and proliferating cell nuclear
antigen (PCNA) (ZM-0213) (Zymed Biotechnology,
Zymed, CA) were applied on the slides at the dilution of
1:50, 1:120 and 1:50, respectively. After rinsing, staining
was performed with the ElivisionTM plus two-step System
(kit-9902. Dako, Carpinteria, CA). The color was developed
by reacting with 3,3-diaminobenzidine. Slides were then

Detection of apoptosis
Apoptosis detection was performed using In Situ Cell Death
Detection kit, AP (Boehringer-Mannheim, Germany). After
a standard procedure of deparaffinization and rehydration,
all specimens were heated with microwave in 0.05 mol/L
citric acid solution for antigen retrieval and washed twice
with PBS. The slides were incubated with TUNEL reagent
for 1 h at 37 ℃, washed and incubated for 45 min with
Converter-AP reagent at 37 ℃. After washing the sections
were counterstained with Fast Red. As positive control,
tissue sections were pre-treated 60 min with 1 µg/mL
DNA-Se I. For negative control only TdT buffer without
deoxynucleotidyl transferase was used.

Statistical analysis
Values were expressed as mean±SD, the statistical evaluation
was performed using the statistical program for social
science for windows (SPSS version 10.0). 2 Fisher’s exact
test, Student’s t test and one-way ANOVA were used.
Actuarial survival curves were constructed by the KaplanMeier method. The cumulative survival rate c between
groups was compared, using the Log-rank test. Relevant
prognostic factors were identified by univariate and
multivariate Cox proportional hazard regression analyses. Tests
were considered significant when the P values were <0.05.

RESULTS
Proliferating and apoptotic activity in HCC
Figures 1 and 2 respectively showed the PCNA and apoptotic
cell expression in HCC and adjacent nontumoral liver
tissues. The mean PI was 30.34±4.46% in HCC, which
was significantly higher than that in adjacent non-tumoral
liver lesions (27.88±5.89%, t = 2.233, P = 0.028). The
mean AI was significantly higher in HCC (8.62±2.28%)
than that in adjacent non-tumoral liver lesions (7.38±2.61%,
t = 2.383, P = 0.019). Table 2 shows the relationship between
PI, AI and clinicopathological features. The proliferating
index was associated with extrahepatic metastasis (P = 0.019).
The apoptotic index was significantly lower in those of TNM
stage I+II than in those of stage III+IV (P = 0.030).
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Figure 1 A: Expression of PCNA in HCC [Elivision 400×]; B: Expression of PCNA in nontumoral liver tissues [Elivision 400×].

Figure 2 A: Apoptotic cell in HCC [TUNEL 400×]; B: Apoptotic cell in
nontumoral liver tissues [TUNEL 200×]

Expression of p53 and p27 proteins in HCC
The positive rate of p27 protein expression was significantly
lower in HCC (40.4%, 19/47) than that in the adjacent liver
tissue (64.3%, 27/42) (2 = 5.057, P = 0.025) (Figure 3A).
Table 3 shows the relationship between p27 expression and
clinicopathological features. The positive rate of p27 in the
groups with tumor diameter >5 cm and capsular infiltration
was significantly lower than that in the groups with tumor
≤5 cm (P = 0.044) and without capsular infiltration (P = 0.026).
The positive rate of p53 expression was significantly higher

in HCC (38.3%, 18/47) than in the adjacent liver tissues
(16.7%, 7/42) (2 = 5.138, P = 0.023) (Figure 4). The positive
rate of p53 was not associated with the analyzed factors in
HCC (P >0.05).
The number of p53 positive and p27 negative cases
(p53+/p27- group), p53 negative and p27 positive cases
(p53-/p27+ group), p53 negative and p27 negative cases
(p53-/p27- group), p27 positive and p53 positive cases
(p53+/p27+ group) were 11, 12, 17 and 7 cases, respectively.
There was no correlation between the expression of p53

A

B

C

D

Figure 3 A: p27 expression is decreased in HCC [Elivision 400×]; B: Some tumor cells show cytoplasmic staining of p27 [Elivision 400×]; C:
p27 expression is mostly located in the cytoplasm in nontumoral liver tissues [Elivision 400×]; D: p27 staining in normal controls is mostly
located in nuclear [Elivision 400×].
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and p27(2 = 0.038, P = 0.845).
Altered subcellular localization of p27 in HCC
The cytoplasmic expression of p27 was found in the HCC
and adjacent non-tumoral liver tissues (Figures 3B and C).
So we detected the p27 localization in 10 normal liver tissues
from patients, who died due to accidents, to define whether
the cytoplasmic localization is a specific phenomenon for
tumor cells. We also found the cytoplasmic localization of
p27 in normal liver tissues (Figure 3D). Therefore, the
cytoplasmic displacement of p27 might not be a specific

Table 2 Relationship between PI, AI and clinicopathological features
Parameters

AI (%)

P

Massive

8.29±2.26

0.376

Nodular

8.88±2.30

PI (%)

P

Gross type
30.10±3.81

0.739

30.54±4.99

Tumor size
≤5 cm

8.11±2.03

>5 cm

8.96±2.41

0.208

29.79±4.85

0.492

30.71±4.23

Cellular differentiation
Well or moderate

8.87±2.38

Poor

7.38±1.19

0.091

30.46±4.46

7.46±2.30

III+IV

9.06±2.15

Relationship between the p27 or p53 expression and
proliferating, apoptotic index
Cell proliferative and apoptotic activity were compared
between p27 positive and negative cases and between
p53 positive and negative cases. The mean PI and AI were
29.26±4.81% and 8.42±1.84% in p27 positive cases, while
31.07±4.15% and 8.75±2.56% in p27 negative cases. No
significant difference in AI and PI were found between the
two groups. The mean PI and AI also had no significant
difference between the p53 positive and negative groups.
The patients were divided into two groups according to
the median LI of cytoplasmic p27. The mean AI was
significantly lower in high cytoplasmic p27 cases (7.16±1.90%)
than in low cytoplasmic cases (8.42±2.44%, P = 0.044),
shown in Table 4.

0.686

0.030a

28.85±3.85

0.306

Table 4 Relationship among p27, cytoplasmic p27 and p53 staining with PI and AI

p53

Present

8.79±2.68

Absent

8.50±2.01

0.674

31.79±4.10

0.066

29.36±4.50

Extrahepatic metastasis
Present

9.00±1.89

Absent

8.44±2.45

AI

P

PI

P

8.61±2.87
8.62±1.88
8.42±1.84
8.75±2.56

0.989

29.50±4.93
30.86±4.16
29.26±4.81
31.07±4.15

0.314

7.16±1.90
8.42±2.44

0.044a

30.33±5.17
29.81±4.37

0.708

30.91±4.60

Capsular infiltration

a

phenomenon to tumor cells. However, the cytoplasmic
sequestration of p27 was more frequent in HCC and
adjacent non-cancerous lesions.
The average LI of cytoplasmic p27 was 27.6±14.1% in
adjacent non-cancerous lesions, which was higher than
that in HCC 20.5±15.9% (t =2.058, P = 0.043). Altered
subcellular localization of p27 was correlated with clinical
stage (P = 0.021), shown in Table 3.

29.75±4.74

Stage
I + II
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0.436

0.019a

32.53±3.93
29.31±4.38

(+)
(–)
p27
(+)
(–)
Cytoplasmic p27
High
Low
a

P<0.05 vs Stage III+IV.

0.633

0.176

P<0.05 vs cytoplasmic p27 low.

Table 3 Relationship among p27, cytoplasmic p27 and p53 staining with clinicopathological features
p27

p53

Parameters

P
+

–

P
+

Cytoplasmic p27 LI (%)

P

26.85±21.61

0.349

–

Gross type
Massive

8

13

Nodular

11

15

0.770

Tumor size
≤5 cm

11

8

>5 cm

8

20

16
3

5
23

0.855

7

6

0.246

12

22

0.044a

10

11

8

18

0.237

17.11±14.62

7

12

11

7

0.866

13
5

26
3

0.126

0.498

25.48±24.52

0.068

19.93±15.71

Cellular differentiation
Well or moderate
Poor

20.13±16.34
22.91±22.08

0.688

29.24±23.59

0.021a

Stage
I + II
III+IV
Capsular infiltration
Present

4

15

Absent

15

13

Extrahepatic metastasis
Present
Absent
a

P<0.05 vs HCC.

4

11

15

17

0.026a

0.188

6

7

12

22

6

13

12

16

5

10

13

19

15.58±10.46
0.435

18.13±14.52

0.276

24.12±20.87
0.632

14.73±9.15
23.82±20.39

0.141
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Survival analysis
The patients were divided into two groups according to the
median PI or AI of the tumors. The survival analysis was
performed on 47 patients and took into account the following
variables: age, gender, tumor size, UICC tumor stage,
Edmondson grade, extrahepatic metastasis, capsular
infiltration, p53, p27, cytoplasmic p27 LI and PI, AI. In
univariate analysis a significant correlation with short
survival was found only for TNM stage (P = 0.002), present
extrahepatic metastasis (P = 0.001), capsular infiltration
(P = 0.014), and low p27 expression (P = 0.042). Multivariate
analysis was performed by Cox proportional hazard
regression model, TNM stage (P = 0.031) and present
extrahepatic metastasis (P = 0.045) were significantly
associated with shorter survival. For other factors, no
significant correlations with overall survival were found.
Coexpression of p53 and p27 in HCC
The PI of p53-p27+ group was 27.50±5.61%, which was
significantly lower than that of the p53+p27- group (P = 0.030)
and tended to be lower than that of the p53-p27- group or
of the p53+p27+ group (Table 5). The prognosis of patients
with p53-p27+ was longer than that of patients with
p53+p27-(P = 0.0356, log-rank test, Figure 5). There was
no significant difference between the apoptotic index
(Table 5) and clinocopathological factors (Table 6).
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and lymph nodal metastasis are not very common in HCC;
therefore to study the parameters for evaluating the biological
behavior is very important for the prevention and treatment
of this disease. The balance between cell proliferation and
apoptosis determines the velocity of tumor growth, while
the balance between regulators of proliferation and apoptosis
is an important determinant of tumor behavior.
Most precious investigations about the relationship
between proliferation and apoptosis are based on staining
of tumoral samples without comparing them with surrounding
non-tumoral liver, which should be the best control tissue
to be used for comparison. Pizem et al[9], recently investigated
apoptosis and proliferation in HCC and non-neoplastic liver
samples, they found that neo-plastic and non-neoplastic liver
tissues differ in proliferative but not in apoptotic activity.
Uncontrolled tumor cell proliferation plays an important
role in HCC growth. In our study, the proliferating and
apoptotic index in neoplastic hepatocytes were higher than
that in pericancerous liver tissue. The results in lines with
earlier observations[10,11], indicating that during multi-stage

A

DISCUSSION
Nowadays, despite a variety of therapeutic strategies, HCC
remains a significant cause of cancer death. The distant

Table 5 Relationship between coexpression of p27 and p53 staining with PI and AI
p53 (–) p27 (+)

p53 (+) p27 (–)

p53 (+) p27 (+)

PI

27.50±5.61

31.93±4.17

30.43±4.39

30.13±3.94

AI

7.85±2.43

8.23±2.31

7.48±1.36

7.05±2.17

B

p53 (–) p27 (–)

Table 6 Correlation between the expression of p27, p53 and clinicopathological factors

Gross type
Massive
Nodular
Tumor size
≤5 cm
>5 cm
Cellular differentiation
Well or moderate
Poor
Stage
I + II
III+IV
Capsular infiltration
Present
Absent
Extrahepatic metastasis
Present
Absent

p53-p27+

p53+p27-

p53+p27+

p53-p27-

P

4
8

6
5

4
3

7
10

0.546

6
6

2
8

5
2

6
12

0.359

Figure 4 A: p53 expression in HCC [Elivision 400×]; B: p53 expression in nontumoral liver tissues [Elivision 400×].

12

11
1

8
3

5
2

15
2

0.119

5
7

2
8

3
4

3
15

0.127

4
8

5
6

1
6

9
8

0.999

3
9

3
8

2
5

7
10

0.220

P = 0.0356

10
Cum survival

Parameters

p53-p27+

8

p53+p27+
p53-p27-

6
4

p53+p27-

2
0
0

10

20
30
Time (mo)

40

Figure 5 Kaplan-Meier curves for actuarial survival of patients in
four groups.
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hepatocarcinogenesis cell proliferation is a key determinant
of the velocity of the process. Though a corresponding
increase in apoptotic activity was also found, the increased
cell proliferation could not completely be balanced by
increased apoptosis. The proliferating index was associated
with extrahepatic metastasis and the apoptotic index was
significantly lower in those of TNM stage I-II than in those
of stage III-IV.
Many methods have been used for apoptotic activity
assessment [12,1 3] . The TUNEL methods have been
proven to provide a means for early detection of cells
undergoing apoptosis even before the onset of gross
apoptotic morphology[14] . The earlier studies showed too
long proteinase K pre-treatment could cause false positive
TUNEL staining by stimulating endogenous endonuclease.
So we used microwave antigen retrieval substituting the
proteinase K pre-treatment, combination with the morphological
observation, false positive results can be excluded.
Loss or reduced expression of p27 have been found in
a variety of human cancers and associated with more
aggressive tumor behavior[15-18]. The present study shows
that p27 expression was significantly decreased in HCC.
This finding of under-expression of p27 in HCC was in
accordance with the previous reports[19-23]. In this study, we
have shown that expression of p27 in HCC was associated
with tumor diameter and capsular infiltration. It is therefore
suggested that p27 should work as a negative regulator
during hepatocarcinogenesis. The p53 gene is one of the
most important tumor suppressor genes determined so
far[24]. The p53 protein confirmed by immunohistochemical
staining was considered as the mutation type. The facts that
p53 protein expressed low in non-cancerous liver tissue and
high in HCC, indicating that the high expression of p53
protein is probably associated with the cancerous transformation
of HCC. In our study p27 expression did not correlate
with p53. Bhardwaj et al[25], using Western blotting analyzed
the p27 expression in different p53 defects. The results
showed that p27 at high level only in hepatoma cell lines
with normal p53 genes. The relationship between p27 and
p53 needs further study.
However, contrary to expectations, p27 and p53 expression
did not correlate with cell proliferating and apoptotic activity
in our experiment. Similar observations were also reported
in other carcinoma[26,27]. It may mean that proliferation and
apoptosis of cancer cells are regulated not by a single cellcycle regulator, but by a balance of negative and positive
regulators. Further analysis found that the mean PI of
p53+p27- group was significantly higher than that of the
p53-p27+ group. This suggests the mutated p53 and
decreased p27 level may be involved in the imbalance of
cell proliferation and apoptosis in HCC. The mutated p53
and decreased p27 may exert their carcinogenic effect in
multi-stage of hepatocarcinogenesis by two ways: (1)
promoting rapid proliferation and cell transformation; (2)
inhibiting effect on the apoptosis. In addition, our study
found the prognosis of patients with p53-/p27+ was longer
than that of patients with p53+/p27-. Therefore, combination
study of the expression of p53 and p27 was thought to be
useful for predicting the prognosis of HCC.
Indeed, cytoplasmic localization of p27 immunostaining

1915

has been reported in various types of human cancers[28-31].
We also found the cytoplasmic localization of p27 was more
frequent in HCC and surrounding noncancerous liver.
Furthermore, the cytoplasmic staining for p27 was more
frequent accompanied with nuclear staining in normal
controls. However, the increase in the cytoplasmic staining
for p27 was often observed in the absence of a concomitant
increase in the nuclear staining and was sometimes associated
with a decrease in the nuclear staining. Some tumors expressed
an increased level of p27, mainly because of an increase in
the cytoplasmic level of this protein. The increase in the
amount of cytoplasmic p27 was more frequent in early
stage (I and II) tumors. Altered subcellular localization of
p27 was also reported in Barrett’s associated adenocarcinoma
and colon cancer [28,29]. In agreement with our results,
cytoplasmic localization of p27 was an early event during
the carcinogenesis.
The protein p27 can bind and inhibit the active cyclin/
CDK complexes in the nucleus, so the cytoplasmic displacement
might play an important role in the inactivation of this protein
in tumor cells and contribute to tumor development[32]. The
apoptotic index is low in high cytoplasmic p27 groups
supported this speculation, although the mechanisms
responsible for the abnormal subcellular localization has
not been known. It may be due to loss of the tuberous
sclerosis complex gene-2 (TSC2); the HER/Grb2/MAPK
pathway leads to nuclear export of p27[33]; overexpression
cyclinD3 contributes to retaining p27 in the cytoplasm[34];
PKB/Akt phosphorylates p27 impairing its nuclear
import[35-37].
In conclusion, our study shows that neoplastic and nonneoplastic liver tissues differ in proliferative and apoptotic
activity. The mutated p53 and decreased p27 might play an
important role in maintaining neoplastic hepatocytes survival.
Cytoplasmic displacement is an alternative mechanism of
inactivating p27 that acts early during hepatocarcinogenesis.
The combined examination of p53 and p27 expression
allows reliable estimation of prognosis for patients with
HCC.
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Abstract
AIM: To evaluate the influence of avidin chase on the
side effects of radioimmunotherapy (RIT) in nude mice
bearing human colon carcinoma and therapeutic outcome.
METHODS: Purified anti-CEA monoclonal antibody (McAb)
was biotinylated with NHS-biotin, and then radiolabeled
with 188Re by the direct method. 188Re-labeled biotinylated
anti-CEA McAb (188Re-CEA McAb-Bt) was intravenously
injected followed by intravenous injection of avidin after
24 h. SPECT imaging and biodistribution study were
performed at 28-48 h after the injection of 188 Re-CEA
McAb-Bt. Three groups of nude mice subcutaneously
grafted with human colon carcinoma were treated 7 d
after the graft. Mice in the avidin chase group received
intravenous injection of 188Re-CEA McAb-Bt (11.1 MBq/
20 g) followed by intravenous injection of cold avidin
(80 g) after 24 h. Mice in the control group (treated
group without avidin chase) only received the injection of
188
Re-CEA McAb-Bt (11.1 MBq/20 g), another control
group (non-treated group) only received 0.1 mL normal
saline solution. Toxicity was evaluated on the basis of
change of body weight and peripheral WBC counts, and
therapy effects were determined by variation in tumor
volume. Histological analysis of tumors was also performed.
RESULTS: Avidin chase markedly accelerated the
clearance of 188Re-CEA McAb-Bt from the blood and normal
tissues. The tumor uptakes of 188Re-CEA McAb-Bt at 28 h
were 5.90 and 6.42% ID/g, respectively, in chase group
and in non-chase group, while the tumor-to-background
(T/NT) ratios were 3.19 and 0.56, respectively. The tumor
uptake was slightly decreased by avidin chase, but the
T/NT ratios were increased. In treated groups the growth
rate of body weight and the number of WBC decreased

after injection of 188Re-CEA McAb-Bt, and the WBC counts
recovered earlier in the group with avidin chase than in
the group without avidin chase. Compared to the nontreated group, treated groups with and without avidin
chase showed significant anti-tumor effects.
CONCLUSION: Avidin chase can effectively reduce the
side effects of RIT, and improve therapeutic efficacy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A relatively low tumor-to-background ratio is the major
problem in radioimmunoimaging (RII), and high background
activity is the limiting factor in radioimmunotherapy (RIT).
This is due to the high levels of circulating radioactive
antibodies and in turn, their slow pharmacokinetics.
Enhancing the clearance of unbound circulating radiolabeled
antibody and increasing the tumor-to-non-tumor (T/NT)
ratio are important for RIT. Various strategies have been
proposed to overcome the background problem, including
computed background subtraction, use of second antibody,
and antibody fragments, etc. [1]. Recently the extraordinary
high affinity of avidin (Av) and streptavidin (SA) to biotin
(Bt) has been utilized in pretargeting technique for delivering
radiolabeled biotin derivatives suitable for imaging and
therapy to target-bound streptavidin- or avidin-conjugated
monoclonal antibodies (McAb)[2,3]. Preliminary reports using
this technique are available in both experimental and
clinical trials, and great success has been achieved[4-6].
Pretargeting technique based on the avidin-biotin system
for tumor RII and RIT provides a new approach to reduce
background activity in order to enhance T/NT ratio in the
study of tumor targeting[7-9]. A new immunoimaging method
using a radiolabeled biotinylated McAb and subsequent
injection of avidin as a chaser can achieve a better antibody
biodistribution for both immunoimaging and RIT when
compared with conventional methods[10,11]. In the present
study, 188Re was labeled to biotinylated anti-CEA McAb with
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a direct labeling method, and the avidin chase method was
applied to RIT to reduce the hematologic side effects. The
effects of avidin chase on biodistribution, side effects, and
outcome of RIT were evaluated in nude mice bearing
human colon carcinoma.

MATERIALS AND METHODS
Materials and reagents
N-hydroxysuccinimidobiotin (BNSH), avidin, sodium
gluconate, 2-mercaptoethanol (2-ME) and stannous chloride
(SnCl2) were purchased from Sigma Chemical Co. (St. Louis,
MO). 188ReO4– was supplied by the China Institute of Atomic
Energy. All the chemical reagents used in this study were
analytically pure, and prepared with deionized water.
Biotinylation of McAb against carcinoembryonic antigen
(CEA)
CEA McAb was obtained from Shanghai Institute of
Immunology. BNSH/dimethyl sulfoxide (DMSO) solution
was added into the bicarbonate buffer solution containing
the antibody at a ratio of 20:1. The mixture was gently
stirred at room temperature for 1 h and finally purified
with a Sephadex G50 chromatography. Indirect enzymelinked immunosorbent assay (ELISA) was performed to
assess the activity of biotin, and the purity of biotinylated
antibody was determined by SDS-PAGE.
Radiolabeling of biotinylated McAb with 188Re
A direct labeling method was used in this study based on
the method previously described by Griffiths et al[12], with
some modifications. First biotinylated McAb was reduced
by a 5 000-fold molar excess of 2-ME for 30 min in order
to reduce disulfide bonds of the antibody to mercapto
groups. Then the reduced antibodies were purified by
Sephadex G-50. The purified reduced antibodies were
added to 0.2-1.0 mL of solution of 188ReO4– (185-370 MBq)
and stannous chloride (SnCl2) solution dissolved in sodium
gluconate solution. And the mixtures were incubated at room
temperature for 2 h.
The radiochemical yield and the labeling efficiency of
188
Re-CEA McAb-Bt were determined by paper chromatography
using two developing systems. System 1 used No.1 Xinhua
filter paper as solid phase and 50 mmoL/L acetic acid as
eluent, Rf (188Re-CEA McAb-Bt) = 0.0, Rf (188ReO4– ) = 0.7,
Rf (Re colloid) = 0.0. System 2 used No.1 Xinhua filter
paper impregnated with 5 g/L human serum albumin as
solid phase and the mixture of ethanol, ammonium
hydroxide, water (2:1:5) as eluent, Rf (188Re-CEA McAbBt) = 0.9, R f (188ReO4-) = 0.7, R f (Re colloid) = 0.0. The
immunoreactivity of the labeled McAb was tested in indirect
ELISA.
Nude mice models bearing colon carcinoma
Human colon carcinoma cell line was heterotransplanted
by subcutaneous injection of 1×107 LoVo cells in the thigh.
The tumors growing to approximately 1 cm in diameter
were cut into tiny pieces and suspended in normal saline,
aspirated and injected (approximately 0.2 mL) subcutaneously
into the forelimb of BALB/C nude mice (4-5 wk old). After
the tumor grew to a volume of 0.5-1.0 cm3, the mice were
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used for subsequent study of biodistribution and RIT.
Biodistribution studies and radioimmunoimaging
Twelve nude mice bearing human colon carcinoma were
randomly divided into two groups, six in each group. Mice
received an intravenous injection of 188Re-CEA McAb-Bt
(3.7 MBq/20 g), and mice of the avidin chase group
received an intravenous injection of 80 g avidin at 24 h.
-imaging was performed on the mice of each group at 28
and 48 h, respectively, after injection of 188Re-CEA McAbBt. The mice were killed at each time point following the
imaging, blood and various organs were removed and tumoral
and normal tissue samples were washed in heparinized PBS
and weighed, and their radioactivity counts were determined.
The percent of injected dose per gram of tissue (%ID/g)
and tumor-to-non-tumor (T/NT) ratio were calculated.
Radioimmunotherapy studies
Grouping of the mice Fifteen tumor-bearing mice were
randomly divided into three groups (five each group): treated
group with avidin chase, treated group without avidin chase,
and non-treated group. The treated mice without chase
received a single intravenous injection of 188Re-CEA McAbBt (11.1 MBq/20 g). The treated mice with chase received
an intravenous injection of avidin (80 g) at 24 h after
injection of radiolabeled McAb (11.1 MBq/20 g). The
non-treated mice received an injection of normal saline
(100 L) only.
Observation of inhibiting effect on tumor growth
During treatment tumor size was monitored by weekly
measurement of the length (a) and width (b) of the tumor
using a caliper for 5 wk. Estimated tumor volume (V) was
calculated according to the formula: V = 1/6ab2. The
inhibition rate (IR) of tumor growth was calculated according
to the following formula: IR = [(mean tumor volume of
the non-treated group-mean tumor volume of the treated
group)/(mean tumor volume of the non-treated group)]
×100%.
Monitoring of side effects Toxicity was monitored once
a week principally by loss of body weight and WBC counts.
Pathological examination was also performed in these mice
at the end of the treatment study. The mice were killed with
their organs isolated, weighed, fixed in 40 g/L formaldehyde
solution, embedded in paraffin, cut into 4 m sections and
then stained with hematoxylin and eosin (HE) for microscopic
observation.
Statistical analysis
The data were expressed as mean±SD. Student’s t test was
used to analyze the statistical differences in %ID/g and
T/NT ratio, tumor size, body weight and WBC counts
among the groups. Differences were considered statistically
significant when P values were less than 0.05.

RESULTS
Biodistribution and radioimmunoimaging in tumor-bearing
nude mice
Biodistribution data in tumor-bearing nude mice are shown
in Figure 1. The radioactivity levels in blood were 1.50±0.31
and 0.77±0.15 %ID/g, respectively, in the group with avidin
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Figure 1 Tissue radioactivity at 28 and 48 h after administration of
Re-CEA McAb-Bt in groups without (A) and with Av chase (B).

Figure 2 Tumor-to-non-tumor ratios at 28 and 48 h after administration of 188Re-CEA McAb-Bt in groups without (A) and with Av chase (B).

chase 4 and 24 h after administration of avidin chase, and
10.47±0.63 and 7.35±1.60%ID/g, respectively, in the group
without avidin chase. The other normal organs in the group
with avidin chase also showed a significant decrease of
radioactivity. However, the tumor uptake of 188 Re-CEA
McAb-Bt was slightly decreased by avidin chase, which was
less than that in the normal organs and blood, resulting in
increased T/NT ratios after administration of avidin chase.
As shown in Figure 2, the tumor-to-blood ratios were 3.19
and 4.34, respectively, in the avidin chase group at 28 and
48 h after administration of 188Re-CEA McAb-Bt, and only
0.56 and 0.90, respectively, in the group without avidin chase.
Tumor-to-normal tissue ratios in most organs were also
higher in the group with avidin chase than in the group
without avidin chase. The immunoimaging findings also
supported the data obtained in the biodistribution studies.
At 4 h after avidin chase injection, the xenografted tumor
was clearly visualized in the avidin chase group, while in the

non-chase group the xenografted tumor was not visualized
at the same time point due to high blood background
(Figure 3).
Side effects
Hematologic toxicity was assessed by peripheral WBC
counting (Figure 4). Compared with non-treated group, the
number of peripheral blood WBC in treated groups
decreased after injection of 11.1 MBq of 188Re-CEA McAbBt, reaching the nadir at wk 1. In the non-chase group,
WBC number decreased by 45.3%, but only 29.5% in the
chase group. The WBC counts recovered by wk 5 in the
chase group, whereas the WBC recovery was slower in the
non-chase group.
The body weight in non-treated group increased
continuously during the observation period. The non-treated
mice gained 20.0% of their initial body weight 5 wk after
treatment. However, the increment of body weight in treated
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Figure 3 Radioimmunoimaging in nude mice bearing human colon
carcinoma with (A) and without (B) avidin chase at 28 h after administration of 188 Re-CEA McAb-Bt.

Figure 4 Change of the number of peripheral blood white blood
cells after injection of avidin chase.
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group was slow. The treated mice gained 10.6% and 12.2%
of their initial body weight 5 wk after treatment in the nonchase and chase groups.
Microscopic observation revealed no obvious tissue
radiation damage in such vital organs as the heart, liver,
spleen, lungs and brain in all nude mice at the end of treatment.
Radioimmunotherapy
In the first week of treatment, the tumor volume showed
little difference among the groups, while in the 2nd wk slower
tumor growth in the treated group was observed. In the
5th wk, the tumor volume was obviously smaller in the
treated group than that in the non-treated group (P<0.001)
(Figure 5). If the tumor IR in the non-treated group was
considered as zero, the tumor IR in the fifth week after
treatment was 61.79% and 53.0% in the chase and non-chase
groups, respectively.
Histopathological evidence indicated that in treated
group radioactive damage in tumor tissues was shown as
karyopyknosis, structure disorder and rupture of tumor
cells, and in some regions the tumor cells were necrotic or
disappeared. While in the non-treated group tumor tissue
was characterized by the absence of necrosis, and took on
typical form of carcinoma cells.

DISCUSSION
RIT is a therapeutic approach that uses antibodies directed
against tumor-associated antigens to carry cytotoxic
radionuclides to antigen-expressing tumor tissue. The success
of RIT depends on high tumor uptake with high tumor-to
normal tissue ratios and a homogeneous accumulation of
radiolabels in the tumors. However, several problems still
prevent its full clinical exploitation[13,14]. Radioimmunotargeting
is limited by the persistence of radiolabeled antibody in
circulation, which results in low tumor to blood ratios. This
slow antibody clearance from blood and non-target tissues
delays the time at which imaging can be carried out, and
also therapy is limited by the potential damage to normal
tissues. To alleviate this problem various clearing approaches
have been used to reduce blood background levels. The
first method involves the use of a second antibody reactive
with the first anti-tumor antibody administered as a clearing
agent, in which efficient clearing of the immune complexes
formed in blood is achieved via the reticuloendothelial
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system[15,16]. Another method involves the use of biotinylated
anti-tumor antibodies with avidin administered as a clearing
agent. This system uses the very high affinity of avidin for
biotin and also the fast clearance of avidin-complexed
biotinylated antibodies[11] . The ability of avidin to clear
biotinylated antibodies from the circulation was first reported
by Sinitsyn et al[11]. A preliminary study for radioimmunoguided
surgery by Paganelli et al[8] showed that avidin administration
after radiolabeled biotinylated antibody injection results in
successful blood clearance in a patient. Avidin has also been
used successfully by Norrgren et al[17], to reduce circulating
125
I-biotinylated anti-tumor antibody via extracorporeal
immunoadsorption on an agarose-avidin column, resulting
in improved tumor to non-tumor ratios.
Kobayashi et al [10], have achieved tumor-targeting with
low background radioactivity by using an avidin chase
method, in which a radiolabeled biotinylated McAb is
injected first, and after the optimal time for McAb to
accumulate in the tumor, avidin is administered. Since avidin
quickly forms complexes with the unbound radiolabeled
biotinylated McAb in circulation, the complexes are rapidly
taken up by liver and spleen, thus resulting in rapid clearance
of radioactivity from the blood and normal organs. In the
present study, we injected 188Re-CEA McAb-Bt followed
by avidin injection as a chase to decrease the background
radioactivity and speed up the excretion of radionuclides
without decreasing the dose of radioactivity delivered to
the target tumor. In order to obtain sufficiently high
accumulation of radioactivity in the tumor, avidin as clearing
agent was injected at 24 h after the injection of 188Re-CEA
McAb-Bt. The dose of avidin used in this study was four
times that of injected McAb on a weight basis, which was
supposed to be sufficient to form a complex with biotinylated
McAb in circulation. Avidin chase rapidly cleared the
circulating radiolabeled McAb and efficiently decreased the
blood background levels. Tumor-to-blood ratio was
significantly higher at 4 h after injection of avidin chase in
the chase group than in the non-chase group, and the tumor
was also clearly visualized in the chase group, suggesting
that avidin chase elevates the T/NT ratios and improves
the quality of imaging.
Compared with the non-chase group, avidin chase
produced a significant tumor-inhibition effect but caused
little radiation-related damage to normal tissues or organs.
The bone marrow toxicity and body weight loss were milder
in the avidin chase group than in the non-chase group. The
WBC number was decreased by 45.3% in the group without
chase, and only by 29.5% in the chase group. These results
are similar to those of previous report, in which a second
antibody was used as a clearing agent [18] . Sharkey et al [19] ,
also reported that tumor uptake is reduced when second
antibody is used as a clearing agent. However this reduction
in tumor uptake induced by avidin chase is milder than that
by the second antibody method. Meanwhile, this decrease
in tumor radioactivity is less than that in normal organs and
blood, resulting in increased T/NT ratios after avidin chase
injection.
A single intravenous injection of 188Re-CEA McAb-Bt
at the dose of 11.1 MBq produced significant anti-tumor
efficacy in nude mice bearing human colon carcinoma. Since
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initial uptake of radiolabeled McAb in tumor xenografts
was higher in both chase and non-chase groups, irradiation
with a higher dose rate at earlier times may be more cytotoxic
and effective than a lower dose rate irradiation at later
times[20]. Bone marrow toxicity and body weight loss could
not be avoided due to the high radioactivity in circulation at
earlier times. However, the significantly decreased blood
radioactivity after avidin chase injection may facilitate earlier
recovery from these side effects.
Rhenium-188 is thought to be an ideal radionuclide for
RIT due to its physical half-life of 16.9 h and  emission
of 2.12 MeV. And pretargeting technique based on the
avidin-biotin system for tumor RII and RIT provides new
possibility to reduce background activity in order to enhance
the T/NT ratio in the study of tumor targeting. In view of
the above considerations, we selected radionuclide rhenium188 to label biotinylated anti-CEA McAb for RIT of colon
carcinoma, and intravenously injected avidin chase as a
clearing agent to remove the free, tumor-unbound McAb
from the circulation. The results showed that avidin-induced
blood clearance of biotinylated McAb was produced and
favorable results had been achieved in the therapy of colon
carcinoma in animal models. These results provide much
useful information for further investigation and clinical
applicability of avidin chase protocols in RII and RIT.
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Abstract
AIM: Predictive value of serum b2-microglobulin (b2m)
levels for virological breakthrough (VB) in HBeAg-negative
chronic hepatitis B (CHB) patients under long-term
treatment schedules including lamivudine (LAM).
METHODS: Serum b2m levels were calculated during
treatment in 25 CHB patients under long-term LAM
monotherapy (group A) and 12 patients under initial
interferon plus LAM treatment followed by LAM
monotherapy (group B), using the MEIA technology. We
used Cox proportional hazard models in order to investigate
the association between serum b2m levels and VB.
RESULTS: Seven of 25 patients (28%), 9/25 (36%) and
14/25 (56%) from group A and 0/12, 2/12 (16.6%) and
3/12 (25%) from group B exhibited VB at months 12, 24
and 36 of treatment, respectively. All patients, from both
groups, who did not show VB exhibited b2m elevation in
mo 3. The duration of b2m elevation was significantly
longer in the virological responder’s subgroup from group
A than the non-responder’s one (7.3±2.6 vs 3.8±3.4 mo,
P = 0.02). In comparison to group A patients whose b2m
levels were increased at 3 mo, patients whose b2m levels
were decreased had 4.6 times higher risk of experiencing
VB (RR = 4.6, P = 0.024). When baseline variables were
simultaneously included in the same Cox model, decreased
b2m status was still associated with increased risk of VB
(RR = 12.2, P = 0.03).
CONCLUSION: In HBeAg-negative CHB patients under
either long-term LAM monotherapy or initial combination
treatment, serum b2m levels at 3 mo of treatment,

compared to baseline ones, might be a predictor of risk
for VB.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chronic hepatitis B (CHB) is a common disease with an
estimated global prevalence of 350 million chronic infected
patients according to the World Health Organization (WHO)
figure[1] . Hepatitis B e antigen (HBeAg)-negative CHB
accounts for 7-30% of patients with CHB worldwide, with
the highest rates reported in Mediterranean Europe and
Asia[2]. It results from infection with hepatitis B virus (HBV)
mutants that are unable to produce HBeAg[3]. In Greece, it
is estimated that more than 95% of patients with HBeAgnegative CHB are infected with the precore mutant HBV
variant[4]. These patients often appear to have more severe
liver disease than that observed in patients infected with
the wild type form of the virus and treatment with interferon
alpha (IFN-) is associated with sub-optimal responses, high
relapse rates and poor compliance[5,6].
Lamivudine (LAM) is an oral nucleoside analogue that
has potent antiviral properties against HBV and human
immunodeficiency virus (HIV). Studies in HBeAg-positive[7]
and HBeAg-negative[8] CHB patients demonstrate that LAM
treatment results in a rapid and consisted suppression of
ser u m HBV- DNA levels with nor malization of
aminotransferases and significant improvement of liver
histology in the majority of patients. Extended LAM treatment
increases the emergence of HBV variants, which have changes
in the tyrosine-methionine-aspartate-aspartate amino acid
(YMDD) locus of the HBV-DNA polymerase sequence, and
exhibits reduced susceptibility to the drug[9-12]. Response rates
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tend to decrease with the prolongation of LAM monotherapy
and breakthroughs due to YMDD mutants accumulate,
culminating in the development of biochemical breakthroughs
in most HBeAg-negative patients[11]. Combination therapy
is the treatment of choice for chronic hepatitis C-infected
patients by increasing the response rates as well as for HIVinfected ones by reducing the emergence of drug resistance.
Recently, Santantonio et al [13], observed that combination
treatment (LAM plus interferon) in HBeAg-negative CHB
patients was as beneficial as LAM monotherapy, but the
combination regimen appeared to delay or prevent the emergence
of HBV-DNA polymerase mutants. However, the clinical
impact of these mutations is still controversial[9-11] and the
prediction of virological breakthrough (VB) is an issue needing
further investigation.
B2-microglobulin (b2m) plays a key role in influencing
the immune response to viral infections, as it is an integrating
part of the human leukocyte antigens (HLA) system[14].In
comparison to controls, patients with chronic viral hepatitis
manifest enhanced hepatocellular display of class I HLA
antigens together with rising serum b2m levels[14,15]. Both
hepatic class I HLA antigens and serum b2m levels correlated
positively with duration and severity of liver disease[14,15].
Moreover, interferon treatment significantly increases serum b2m
levels, offering a Th1-dominant environment to patients with
chronic viral hepatitis, irrespective of therapy outcome[15-17].
However, at least in two studies, the hepatocyte b2m expression
significantly decreased after interferon treatment[18,19] following
the reduction of histological activity of liver disease. The
alterations of serum b2m levels in CHB patients under either
long-term LAM treatment or interferon plus LAM
combination treatment have not been investigated yet.
In this study, we sought to record the alterations of
serum b2m levels in HBeAg-negative CHB patients under
either long-term LAM monotherapy or interferon plus LAM
combination treatment for the first 6 mo followed by LAM
monotherapy thereafter and to investigate their association
with biochemical and virological outcome data. We
hypothesized that serum b2m levels may be a predictor of
virological and/or biochemical breakthrough.

MATERIALS AND METHODS
Between March 1998 and August 1999, a total of 37
consecutive hepatitis B surface antigen positive (HBsAg+)
naive patients (33 males, 4 females) were enrolled
prospectively in this pilot study and randomized in the two
treatment arms (randomization 2:1). Twenty-five patients
were treated with LAM (100 mg daily, per os) for 36 mo
(group A) and 12 patients were treated with interferon-alpha
2a (4.5 MU t.i.w, subcutaneously) plus LAM (100 mg daily,
per os) for the first 6 mo followed by LAM monotherapy
thereafter (group B). All patients had a liver biopsy showing
active HBV-related disease within 6 mo before admission
to the study. A single pathologist evaluated all biopsy
specimens that were scored according to Ishak scoring
system (grade = 0-18, stage = 0-6)[20]. Patients were evaluated
clinically, biochemically and serologically at entry and every
3 mo during treatment. In order to allow for reasonable
enough time for breakthrough to occur, only patients with
at least 18 mo of follow-up were included in the current
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analyses.
To be eligible, patients had to fulfill the following criteria:
(1) age greater than 18 years; (2) detectable HBsAg in serum
for at least 6 mo; (3) HBeAg negativity; (4) antibody to
hepatitis B e antigen (anti-HBe) positivity, with signs of
active viral replication (serum HBV-DNA positive); (5)
serum alanine aminotransferase (ALT) levels above the
nor mal range at least on two separate occasions in the
previous 6 mo and (6) absence of immunomodulatory and/
or antiviral treatment for hepatitis in the past. HBV
sequencing to confirm genotypic precore mutations was
not performed. Patients were excluded if they were infected
with hepatitis C (HCV) and/or hepatitis D virus (HDV),
human immunodeficiency virus (HIV), had decompensated
liver disease (Child-Pugh B or C), had evidence of autoimmune
hepatitis (anti-nuclear antibody titer ≥1/160) or had a
positive clinical history for other chronic liver disease.
Moreover, patients were excluded from the study, if they
had a positive clinical history for other chronic diseases or
if they were under any other medication. Pregnant and
breastfeeding women were also excluded.
Routine biochemical and hematological tests were
performed using automated techniques. Virological
evaluation (serum HBV-DNA) was done at baseline and at
months 6, 12, 24 and 36 of treatment. HBsAg, HBeAg,
anti-HBe, anti-HBs (antibody to hepatitis B surface antigen)
and HCV, HDV, HIV serological markers were detected
using routine commercially available enzyme immunoassays
(Abbott Laboratories, Abbott Park, IL, USA). HBV-DNA
was quantified with the use of a commercially available
polymerase chain reaction (PCR) assay (Amplicor, Roche,
Basel, Switzerland) with a lower limit of quantification of
400 copies/mL. Detection of tyrosine-methionine-aspartateaspartate amino acid HBV-DNA polymerase (YMDD)
variants was performed as described by Lai et al[7], using a
restriction fragment-linked polymorphism assay, in the
proportion of patients who developed VB during the
treatment period.
VB was defined as an HBV-DNA reappearance (HBVDNA>400 copies/mL) during treatment, after at least one
previous test had been under detection limit (HBV-DNA
≤400 copies/mL).
Biochemical breakthrough (BB) was defined as an ALT
flare (ALT>40 IU/L) during treatment, after at least one
previous test had been under normal range (ALT≤40 IU/L).
B2-microglobulin (b2m)
Serum was collected from patients at baseline and every
3 mo during treatment and was stored at -85 ℃. Serum
b2m levels were calculated using the microparticle enzyme
immunoassay (MEIA) technology, which uses submicron
microparticles, coated with a capture molecule specific for
the analyte being measured (Abbott Laboratories). Serum
sample and microparticles (captured molecules) are
transferred to the incubation well of the reaction cell. During
the incubation period analytes bind to the microparticles,
creating an immune complex. The reaction mixture is
aspirated from the incubation well to another cell where it
is washed in order to remove unbound materials. Then
alkaline phosphate (AP)-labeled conjugate is transferred to
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the cell, which binds to the immune complex to complete
the antibody-analyte-conjugate “sandwich”. The new
complex is being washed again and then the dispenser
adds the substrate 4-methylumbelliferyl phosphate (MUP).
The AP conjugate catalyzes the hydrolysis of MUP to 4methylumbelliferone (MU). The rate at which MU is generated
on the cell is proportional to the concentration of analyte
in the serum sample.
Written informed consent was obtained from each
patient for his or her participation in the study. The study
was reviewed and approved by the local ethics committee.
The study protocol conforms to the ethical guidelines of
the Declaration of Helsinki.
Statistical analysis
Serum b2m levels were treated as a continuous variable in
initial analyses. We subsequently calculated two variables
relating to b2m: (1) a continuous variable reflecting the
number of 3-mo interval for which b2m was rising, in
relation to baseline levels and (2) a dichotomous variable
reflecting status of either b2m elevation or decline at 3-mo
interval (again in relation to baseline value).
Age, serum ALT levels and histological activity index
(HAI grade) of liver disease were all treated as continuous
variables in the analyses. Initial serum HBV-DNA levels
were dichotomized into two groups: (1) high viral load
(>106 copies/mL) and (2) low viral load (≤106 copies/mL).
Student’s t-test and 2 analyses were used to examine
the association between the presence of VB and other
potentially interactive variables, including age, ALT levels,
BB, grade (HAI), serum HBV-DNA levels and serum b2m
levels. A probability value less than 0.05 (P-value <0.05)
was considered significant. All data are expressed as
mean±SD.
We used survival analyses (Cox proportional hazard
Lawless J. Statistical Model and Methods for Lifetime Data
New York, NY: John Wiley & Sons Inc. 1982, using the
SPSS 12.0 computer software, Lead Technologies Inc.) in
order to investigate the association between serum b2m
levels (predictor) and VB (outcome). Participants were
considered to have failed at the time of the first follow-up
visit at which VB was documented. For participants who
did not manifest VB, the last follow-up evaluation was used
for censoring. Therefore, the Cox model’s time axis was
the duration of follow-up until either VB or last evaluation
without VB. The initial Cox proportional hazard models
used either duration of b2m elevation (continuous variable)
or elevation vs decline status at 3-mo interval of b2m
(dichotomous variable) as predictor. In subsequent Cox
models, we simultaneously included potential confounders
(age, ALT, HBV-DNA, HAI) along with b2m status at 3-mo
of follow-up in the same Cox model.

RESULTS
All CHB patients tolerated therapy well and completed the
treatment period. None of the patients was lost from followup. Flu-like syndrome during the first week of treatment,
fatigue and mild to moderate mood disorders were observed
in the majority of patients from group B and interferon
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dose reduction was required in four of them (33%) due to
neutropenia and/or thrombocytopenia. No relevant side
effects were noted in patients from group A. Mild elevation
of serum amylase levels, with no clinical significance, was
observed in 3 out of 25 (12%) LAM-treated patients. One
patient from group A developed a macular skin rash during
the first two weeks of treatment, which disappeared
automatically in the following two weeks, while he was on
LAM treatment. None of the treated CHB patients lost
HBsAg and none showed HBsAg seroconversion on the
treatment period.
The demographic, laboratory and histological features of
both groups of CHB patients at entry are shown in Table 1.
As we can see, the two groups were comparable for all the
baseline values, including baseline serum b2m levels.
Moreover, the mean duration (in months) of serum b2m
elevation was comparable between the two groups, whereas
the percentage of patients who exhibited serum b2m elevation,
at mo 3 of treatment, from group B was significantly
higher than the corresponding one from group A (100% vs
68%, P = 0.03). There was no association between histological
findings (grade, stage) and either baseline serum ALT levels
(P = 0.719 and P = 0.486, respectively) or serum HBVDNA levels (P = 0.784 and P = 0.542, respectively). Patients
with higher level of fibrosis (stage>3) at entry were older than
those with fibrosis score≤3 (P = 0.021). Three out of 25
CHB patients (12%) from group A and 2 out of 12 CHB
patients (16.6%) from group B had evidence of cirrhosis with
ongoing inflammatory activity at baseline liver biopsy
(Child-Pugh A).
Both serum ALT levels and serum HBV-DNA titers
showed a sharp decline during the first 6 mo of therapy in
both groups. Serum ALT levels were under the upper
normal limits (<40 IU/L) and serum HBV-DNA levels were
negative (<400 copies/mL) in all CHB patients who
participated in the study, at month 6 of treatment. In the
first year of treatment, 7 out of 25 (28%) CHB patients
from group A exhibited VB and 4 of them (16% of the
group A CHB patients) showed both VB and BB, whereas
no patient from group B exhibited VB. At mo 12 of
treatment, 72% of group A patients and 100% of group B
were complete responders (neither VB nor BB, P = 0.04).
Table 1 Demographic, biochemical, virological and histological
features at baseline, for both groups of CHB patients
Group A

Group B

(n = 25)

(n = 12)

Age (yr)

42.8±13.6

ALT (IU/L)
HBV-DNA -log10

218±106.1

(copies/mL)
Grade (0–18)

P

40.8±10.4

0.49

134.6±92.9

0.07

5.96±0.86

6.27±0.76

0.29

7.0±3.3

5.6±1.8

0.12

Stage (0–6)
Cirrhosis (%)

3.2±1.5
3/25 (12)

2.9±1.2
2/12 (16.6)

0.54
0.71

B2m (mg/dL)

1695.5±348.1

1787.1±367.2

0.25

(baseline levels)
Duration of
b2m elevation (mo)
B2m elevation in 3 mo (%)

5.3±3.5

5.0±1.47

0.82

17/25 (68)

12/12 (100)

0.03a

ALT: alanine aminotransferase. B2m: b2-microglobilin. aP<0.05 vs other group.
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Table 2 Demographic, biochemical, virological and histological
features at baseline, for the subgroups of patients who did (subgroup
A1) and did not (subgroup A2) exhibit virological breakthrough (VB)
during long-term LAM monotherapy
Subgroup A1
(n = 14)
Age (yr)
ALT (IU/L)
HBV-DNA -log10
(copies/mL)
GRADE (0-18)
STAGE (0-6)
B2m (mg/dL)
(baseline levels)
Duration of b2m
elevation (mo)
B2m elevation in
3 mo (%)

Subgroup A2
(n = 11)

in patients with high initial serum HBV-DNA compared
to patients with low initial HBV-DNA (1878 mg/dL vs
1622 mg/dL; t = -1.58, P = 0.13). Patients with higher
baseline serum b2m levels had slightly higher baseline HAI
(r = 0.39; P = 0.08) and slightly higher baseline ALT levels
(r = 0.25; P = 0.28), although non-significantly. Patients
from group A with high initial serum HBV-DNA levels had
shorter duration of serum b2m elevation (6.2 mo for the
low vs 3 mo for the high initial HBV-DNA group; t = 1.49;
P = 0.186). Moreover, it is interesting to note that the vast
majority (99.3%) of the initial low HBV-DNA group of
patients from group A exhibited b2m elevation at 3 mo,
while only 33% of the initial high HBV-DNA group (2 = 8.5;
P = 0.004). All patients from group B exhibited serum b2m
elevation during the first months of treatment, irrespective
of their initial HBV-DNA status.
Cox models
Survival analyses have the advantage of combining
information about both frequency of events and time of
their occurrence. The reported rate ratios (RR) indicate risk
of having VB for each time unit of follow-up. They
therefore reflect not only how likely it is for a patient to
recur but also how fast he may be expected to do so.
When the duration of serum b2m elevation was used as
predictor, lower score (decreased duration of b2m elevation)
was associated with an increased risk of VB (RR = 1.25;
95%CI, 1.03-1.52, P = 0.026) (Table 3). It is of importance
to note here that in this model the RR reflects the increase
in risk for VB for each additional unit of the predictor (i.e.,
each less month for which serum b2m failed to elevate).
According to this result, in comparison to a patient whose
serum b2m levels continued to increase for 12 mo, a patient
whose b2m continued to increase only for 9 mo had 1.95
times higher risk of developing VB; a patient whose b2m
continued to increase only for 6 mo had a 3.8 times higher
chances of developing VB and a patient whose b2m continued
to increase only for 3 mo had a 7.4 times higher risk for
developing VB.
When serum b2m levels were used in its dichotomous
form (reflecting elevated vs declined status at 3 mo interval),

b2m (mg/dL)

Both serum ALT levels and serum HBV-DNA levels were
significantly reduced after the 12 mo treatment period in
the two groups.
Nine of 25 CHB patients (36%) and 14 of 25 (56%)
from group A exhibited VB at mo 24 and 36 of LAM
monotherapy, respectively. Two of 12 CHB patients (16.6%)
and 3/12 (25%) from group B exhibited VB at mo 24 and
36 of treatment, respectively. Elevation of ALT levels was
observed in 8/14 (57.1%) virological breakthroughers from
group A, but in none of three virological breakthroughers
from group B (P = 0.001), in the follow-up period. ALT
values exceeding 400 IU/L were not observed in none of
them. Alterations in bilirubin levels, albumin levels,
prothrombin time or episodes of hepatic decompensation
during breakthrough were not observed in both groups.
Demographics, biochemical, virological and histological
information variables of patients from group A, who did
(subgroup A1) and did not (subgroup A2) exhibit VB in the
follow-up period, are presented in Table 2. The two
subgroups were comparable for all the baseline parameters
(age, ALT, HBV-DNA, grade, stage, b2m), but they differed
significantly in the pattern of b2m curve during treatment.
In particular, all patients who did not show VB in the followup period exhibited serum b2m elevation in the mo 3 of
treatment compared to baseline ones, whereas only 57.1%
of those with VB exhibited serum b2m elevation (P = 0.03).
Moreover, the duration (in months) of serum b2m elevation
was significantly longer in the responders’ subgroup of
group A than the non-responders’ one (7.3±2.6 vs 3.8±3.4,
P = 0.02). The different patterns of mean serum b2m levels
between the treatment groups in relation to VB are presented
in Figure 1. It is evident that mean serum b2m levels remain
stable for about 9 mo in the subgroup of patients from
group A who exhibited VB (subgroup A1), while steeply
increases for about 6 mo in the subgroup of long-term
LAM-treated virological responders (subgroup A2). Initial
combination treatment increases significantly mean serum
b2m levels during the first month of therapy in all CHB
patients from group B, as shown in Table 1 and Figure 1.
Subsequently, serum b2m values decline in all groups.
Mean baseline serum b2m levels were slightly higher
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2 000
1 800

P

1 600

41.9±12.9
183.6±87.7

43.9±5.0
263.9±115.8

0.75
0.09

6.21±0.97
7.1±3.3
3.4±1.9

5.63±0.56
6.8±3.5
3.1±1.3

0.13
0.84
0.65

3.8±3.4
8/14 (57.1)

1 588.8±391.6
7.3±2.6
11/11 (100)

0.23
0.02

a

0.03a

ALT: alanine aminotransferase. B2m: b2-microglobilin. aP<0.05 vs other group.

No VB

1 400
1 200

1 775.5±304.1

Combination
treatment

VB

1 000
0 3 6 9 12 15 18 21 24 27 30 33 36
Follow-up intervals (mo)

Figure 1 Mean serum b2m levels for each follow-up interval,
plotted separately for the subgroup A1 of lamivudine monotherapy
treated patients who exhibited VB (square markers) and for the
subgroup A2 of patients who did not (triangle markers), as well for
the group B of patients who received initial combination (interferon
plus lamivudine) treatment (rhombus markers), followed by lamivudine
monotherapy thereafter.
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there was again an inverse association between b2m levels
and VB (RR = 4.6; 95%CI, 1.22-17.36, P = 0.024) (Table 3).
In other words, in comparison to patients whose serum b2m
levels were increased at 3 mo, subjects whose b2m levels
were decreased at 3 mo, had 4.6 times higher risk of
experiencing VB.
When age, baseline ALT levels, initial serum HBV-DNA
levels and grade of liver disease were simultaneously included
in the same Cox model (along with b2m status at 3 mo of
follow-up), decreased b2m status was still associated with
increased risk of VB (RR = 12.23; 95%CI, 1.28-116.80,
P = 0.03) (Table 4).

DISCUSSION
In this pilot study, we found that combination (interferon
plus LAM) priming followed by LAM monotherapy may
delay or prevent the selection of LAM-resistance variants,
compared to long-term LAM monotherapy, in HBeAgnegative CHB patients. Moreover, we observe that serum
b2m levels at mo 3 of treatment, compared to baseline
ones, might be a good predictor of risk for VB, a finding
that needs further investigation.
The role of combination therapy in preventing VB,
compared to LAM monotherapy, has been confirmed in
HBeAg-negative[13,21] as well as HBeAg-positive[22] CHB
patients. However, in our study the treatment period was
longer enough (36 mo) in both groups of patients than
other studies. This remarkable event is very important,
especially in patients treated with LAM, which has a timedependent cumulative effect in emerging HBV-DNA
polymerase variants. Moreover, we used combination
treatment only for the first 6 mo in the group B of our study
population, followed by LAM monotherapy thereafter.

Table 3 Cox proportional hazard model predicting VB by serum b2m
levels. Results are presented with b2m being used as a continuous
variable (number of months of b2m elevation) or as a dichotomous
variable (decline vs elevation of serum b2m levels at 3 mo, as
compared to baseline levels). The RR for b2m as a continuous
variable reflects risk for VB for each less month of b2m elevation

b2m

1

Variable

RR

Continuous
Decline vs elevation

1.25
4.6

95%CI
1.03–1.521
1.22–17.361

Indicates that the RR does not include 1. CI: confidence interval. RR: rate ratios.

Table 4 Cox proportional hazard model predicting VB by b2m at 3 mo
as a dichotomous variable. The model simultaneously includes age,
baseline values for ALT, grade of liver disease and initial serum
HBV-DNA as covariates
Variable

RR

95%CI

Age (yr)

Continuous

0.98

0.92–1.05

ALT (IU/L)

Continuous

0.99

0.98–1.00

Grade (0–18)

Continuous

1.26

0.98–1.63

High vs low

1.94

0.26–14.26

Decline vs elevation

12.23

1.28–116.801

HBV-DNA (copies/mL)
B2m (mg/dL)

1
Indicates that the RR does not include 1. ALT: alanine aminotransferase. CI:
confidence interval. RR: rate ratios.
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Early prognosis of VB during LAM treatment is very
useful in order to predict the clinical outcome and to modify
the medication. Initial serum HBV-DNA levels seem to be
a good predictor of virological response [7-9]. Similarly,
quantitative HBV-DNA testing during LAM treatment
provides prognostic information: there is low likelihood of
response in patients who remain positive at mo 3 of
treatment[23]. However, HBV-DNA testing is expensive and
requires high-qualified laboratories. In contrast, the
calculation of serum b2m levels using the microparticle
enzyme immunoassay technology is obviously a cheaper
and easier method to use.
In our study, we found a significant correlation between
the decline of serum b2m levels, especially during the first
3 mo of treatment, and the risk for VB in HBeAg-negative
CHB patients. Moreover, we found that the longer duration
of serum b2m elevation is associated with a reduced risk
of VB in HBeAg-negative CHB patients under long-term
LAM monotherapy. In particular we found that for each
additional month where serum b2m continued to elevate,
the risk for VB reduced approximately 80% (or for each
less month of b2m elevation the risk increased by 1.25
times). Serum b2m elevation in the long-term LAM-treated
virological responders’ subgroup, during the first months
of treatment, possibly represents an elevated endogenous
immune response in this group of patients. The majority
of them (99.3%) had low initial serum HBV-DNA levels
(≤106 copies/mL), a finding that supports this hypothesis.
These patients exhibit a comparable serum b2m curve with
the corresponding one of the patients from the initial
combination treatment group, as shown in Figure 1.
Chronic HBV infection is characterized by T-cell
hyporesponsiveness and stimulation of HBV-specific T-cell
responses in patients with CHB is believed to represent a
rational strategy to treat persistent infection[24]. Activation
of T-cell immune responses leads to elimination of intracellular
virus by cytolytic destruction of infected hepatocytes and
suppression of viral gene expression, which is caused by
cytokines such as interferon- (IFN-) and tumor necrosis
factor-alpha (TNF-), secreted by activated T-cells (Th1
subset) at the site of infection[25-27]. This is involved in the
T-cell response providing help to cytotoxic T-lymphocytes,
mediating in HBV elimination by cytolytic and non-cytolytic
mechanisms[28]. Serum b2m levels are significantly elevated
in patients with chronic viral hepatitis, compared to healthy
controls[15,17] and increase significantly on interferon-alpha
treatment [16-18], representing a Th1-dominant immune
response. However, in our study serum b2m levels during
the first month of treatment increase significantly, compared
to baseline values, not only in the group of patients who
receive initial combination treatment, but also in the
virological responder subgroup of LAM-treated patients,
suggesting that common antiviral and immunomodulatory
mechanisms may exist between these two groups.
Serum b2m levels have been anticipated to represent
the turnover of HLA antigens and are associated with
lymphocyte proliferation and activation[29] . Boni et al [30],
suggest that LAM treatment can overcome cytotoxic T-cell
hyporesponsiveness in treated CHB patients, by reducing
the levels of viremia. High viral load reduces the number
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and the potential activity of circulating HBV-specific Tlymphocytes compared with low viral load in CHB patients[31],
suggesting the dominant role of the control of viral replication.
High viral load and intrahepatic viral replication results in
decreased hepatocellular presentation of class I HLA
molecules and acts as a negative modulator of NK-cells
activity[32] . LAM treatment reduced the intrahepatic viral
load[33], resulting possibly in the modulation of T-cellular
immune response. On the other hand, Marinos et al [34],
suggest that the profound inhibition of HBV replication by
nucleoside analogues does not restore the impaired virusspecific T-cell responses.
The association between the initial low serum HBV-DNA
levels and serum b2m elevation during LAM monotherapy,
observed in the first group of our study population, implies
an activation of host T-cellular immune responses before
the beginning of LAM treatment, in the virological
responders’ subgroup, that leads to the control of viremia
in the long term. The comparable baseline serum ALT levels
and histological findings between the two subgroups of group
A and the ALT normalization during the first months of
treatment in both subgroups suggest possibly an additive
Th1-mediated, non-cytolytic inhibition of virus replication
in the responders subgroup, as have been shown by other
studies[35], a possibility that needs further investigation. Taken
together the significant elevation of serum b2m levels in all
patients on initial combination (interferon plus LAM)
treatment as well as in those on LAM monotherapy who
responded virologically in the long-term and the strong
relationship between the initial combination treatment and
the prevention of VB, we suggest that close monitoring of
serum b2m levels in HBeAg-negative CHB patients under
LAM monotherapy could result in the early recognition of
the group of breakthroughers and the possible addition of
immunomodulatory and/or other antiviral drugs.
Initial serum HBV-DNA levels differed between the wo
subgroups of group A patients (virological responders vs
non-responders), as expected from the literature[7-9], but not
significantly (Table 2). Also initial serum HBV-DNA status
was not a significant predictor in the adjusted Cox model
(Table 4). This may be because of decreased power of the
current study due to the small number of the study
population. However, serum b2m status remained significant
in the prognosis of VB, in the adjusted Cox model (which
was adjusting for baseline HBV-DNA status). These results
suggest that there is a predictive value of serum b2m levels,
compared to baseline ones, for the emergence of HBVDNA polymerase mutants in CHB patients under long-term
LAM treatment.
Limitations of our study were the lack of calculation
of Th-1 (TNF, IFN, etc.,) and/or Th-2 (IL-4, IL-6, etc.,)
cytokines in serum of CHB patients under the long-term
treatment schedules, as well as the absence of b2m staining
in liver biopsy specimens.
In conclusion, in CHB patients, the initial combination
treatment followed by LAM monotherapy seems to delay
or prevent the emergence of HBV-DNA polymerase
variants, compared to long-term LAM monotherapy,
irrespective of baseline parameters. In HBeAg-negative
CHB patients under either long-term LAM monotherapy
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or initial combination treatment, serum b2m levels at 3 mo
of treatment, compared to baseline values, might be a predictor
of risk for VB. Decreased serum b2m levels at mo 3 of
treatment are associated with 4.6 times higher risk of VB,
in comparison to patients whose serum b2m levels were
increased at the same time. The shorter duration of serum
b2m elevation in LAM-treated patients is associated with an
increased risk of VB in the long term, suggesting frequent
follow-up visits and possibly reinforcement of treatment
strategies.
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Abstract
AIM: Considerable attention is focused on polymorphisms in
the gene encoding transforming growth factor-1 (TGF-1),
a multifunctional cytokine that is in turn a potent growth
inhibitor involved in wound healing and differentiation. In
humans, it promotes the pathogenesis of organ fibrosis,
atherosclerosis, cancer, autoimmune and inflammatory
diseases, keloid disease, and hypertrophic scarring. For
this reason, much emphasis has been placed on studies
elucidating the impact of TGF-1 and its gene variations
for the susceptibility and pathogenesis of these diseases.
Unfortunately, some studies have serious limitations.
METHODS: We have recently described a high-throughput
method for investigation the Arg25Pro polymorphism of
human TGF-1 gene and showed that the frequency of
the Pro25 allele is significantly associated with hepatic
fibrogenesis. In this report, we describe two novel LightCycler
(LC) techniques that facilitate the examination of the two
other known alterations in the coding region of TGF-1.
We investigated whether these polymorphisms contribute
to hepatitis-induced progression of fibrogenesis in Chinese
and Caucasians.
RESULTS: In the Chinese ancestry, the gene polymorphisms
at codons 25 and 263 were not found and the genetic
variant at codon 10 is unlikely to confer susceptibility to
hepatic fibrosis. Contrarily, in Caucasians TGF-1 allelic
variations are more frequent and the presence of prolines

either in codon 25 or 10 is associated with the interindividual
variability in developing more severe fibrosis during
chronic hepatitis C infection.
CONCLUSION: In summary, these results confirm the
hypothesis that TGF-1 polymorphisms are associated
with fibrosis progression in Caucasians chronically infected
with hepatitis C.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Increasing evidence indicates that genetic factors determine
the rate of progression of liver fibrosis[1]. However, much
controversy surrounds the issue of the natural history of
hepatitis C virus (HCV) infection concerning viral-related
factors (e.g., viral load, genotype, quasispecies), host-related
factors (age, sex, race, immune status) and external determinants
(e.g., alcohol, smoking, drugs)[2-4]. During the last decade,
several candidate genes were identified influencing the
natural history of chronic liver diseases. In these studies,
the selection of genes investigated was mainly based on
biological plausibility. In the pathogenesis of liver fibrosis,
transforming growth factor-1 (TGF-1) is believed to be
the most potent master cytokine that promotes hepatic
fibrosis by stimulating the synthesis and inhibition of
degradation of a broad spectrum of extracellular matrix
proteins[5,6]. Therefore, mechanisms increasing the fraction
of biologically active TGF-1 are potentially involved in
the modulation of progression of liver fibrosis. In line with
that hypothesis, it has been reported that TGF-1 messenger
RNA is increased in the liver of patients with chronic HCV
infection[7]. Furthermore, these patients had a higher level
of TGF-1, both totally and biologically active forms
compared to healthy controls suggesting that TGF-1 indeed
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promotes hepatic fibrogenesis[8]. Moreover, complementary
work from many laboratories demonstrated that aberrant
expression of TGF- leads to hepatic fibrosis and
inflammation in a number of experimental models.
Particularly, transgenic mice overexpressing TGF-1 are
prone to develop multiple tissue lesions including hepatic
fibrosis [9-11]. Conversely, the biological inactivation of
TGF- and its signaling pathway were recently shown to be
sufficient to prevent ongoing hepatic fibrosis as induced by
administration of dimethylnitrosamine or by ligation of the
common bile duct in rats[12-16]. On the other side, high doses
of soluble TGF- receptors sequestering TGF- function
were less antifibrogenic than lower doses in murine models
of chronic liver injury[17].
Given that TGF-1 currently occupies a central role in
liver fibrogenesis, it is possible that also certain DNA sequence
variants of TGF-1 might confer genetic risk to hepatic
fibrosis. To date, several TGF-1 polymorphisms have been
identified; three variations are located upstream of exon 1
(at positions -988, -800, and -509), an insertion/deletion of
a cytosine residue in the 5’ untranslated region (at position
+72), and three nucleotide substitutions in the gene’s coding
region[18,19]. Of these, two are located in exon 1 changing
the amino acid sequence of the signal peptide (at positions
+869 and +915) resulting in variations of codon 10 (leucine
to proline) or codon 25 (arginine to proline), respectively.
The third polymorphism in codon 263 (in exon 5) results in
the amino acid substitution threonine to isoleucine in the
precursor part of the protein. In addition, an insertion/
deletion of a cytosine residue located in intron 4 and several
other single-nucleotide polymorphisms (SNPs) have been
reported[20-22] . It has previously been discussed that the
production of TGF-1 is associated with some of these
gene polymorphisms[18,23,24]. However, with regard to HCV
induced liver fibrogenesis, the influence of TGF-1 gene
polymorphisms have yielded some contradictory results,
possibly reflecting heterogeneity between different populations
or other unknown independent risk factors[25-27]. In previous
works we found that the heterozygosity of codon 25 predicts
significantly faster fibrotic progression and more severe
fibrosis than the homozygous Arg25 genotype[26,27] . In
contrast, another study with a smaller sample size reported
that individuals with the high TGF-1-producing genotype
(Arg25Arg) were more likely to have increased hepatic
fibrosis compared with individuals of the low TGF-1producing genotype[25].
In this report, we describe two novel LightCycler (LC)
techniques that facilitate the high-throughput analysis of
the genetic TGF-1 variants at codon 10 and 263. In
combination with the recently developed method for
discriminating the different sequence variations at codon
25[27], we have now established the methodology to screen
the sequence variations within the coding region of human
TGF-1 on a large scale. All three assays are conducted in
a LC system allowing target amplification and product
analysis to be done consecutively. The concept of this
genotyping platform is based on different pairs of fluorescently
labeled oligonucleotide probes that specifically distinguish
the different alleles by use of the fluorescence energy transfer
(FRET) principle.
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By use of this robust and scaleable genotyping technique
we corroborated and extended our previous work and
determined the distributions of the respective allele
frequencies at codon 10, 25 and 263 in Caucasians with
chronic HCV infection and in healthy control subjects. We
further compared the observed gene frequencies with those
obtained in a Chinese cohort chronically infected with
hepatitis B virus (HBV).

MATERIALS AND METHODS
Human subjects
The study population comprised 210 Caucasian patients
with chronic HCV infection. They were recruited from the
Department of Internal Medicine I, University Hospital
of Regensburg (n = 141) and the Department of Medicine
III, RWTH-University Hospital Aachen (n = 69). Fifty
ethnically matched unrelated healthy controls were randomly
recruited from the RWTH-University Hospital Aachen. The
HCV diagnosis was based on positive anti-HCV assay
(Abbott, Wiesbaden, Germany) and quantification of
circulating HCV RNA by RT-PCR (Cobas Amplicor, Roche,
Mannheim, Germany). Liver needle biopsies from 200
patients were stained and scored (stages F0-4) according to
the guidelines by Desmet et al [28]. Further, we enrolled 90
Chinese patients with chronic HBV infection and 104 nonaffected healthy controls from the Department of
Laboratory Medicine, Changzheng Hospital, Second Military
Medical University, Shanghai. HBV infection was
demonstrated by positive serological assays for anti-HBc
and HBsAg (Roche).
Analysis of TGF-1 gene polymorphisms
Sequence variants at codons 10, 25 and 263 of human
TGF-1 gene (TGFB1) were determined in a LC-system
(Roche). Genomic DNA was extracted from peripheral
blood cells using the QIAamp DNA Blood Mini extraction
kit (Qiagen, Hilden, Germany). The precise conditions for
genotyping codon 25 of human TGF-1 gene has been
described in detail elsewhere[27]. Comparable assays were
generated for genotyping at codon 10 and codon 263. A
summary of primers, cycling conditions, and melting
curve analysis is listed in Table 1. In the final assays,
approximately 80 ng genomic DNA were amplified in the
presence of 0.5 µmol/L respective sense and reverse primers,
0.2 µmol/L sensor and anchor probes, 3 mmol/L MgCl2,
50 mL/L DMSO, and 1×LCTM FastStart DNA Master
Hybridization Probes (Roche) including additionally
1 mmol/L MgCl2. The fluorescently labeled primers were
obtained from Metabion (Martinsried, Ger many),
conventional PCR-primers were synthesized at MWGBiotech AG (Ebersberg, Germany). The samples were
initially heated for 10 min at 95 ℃, and amplified for 45
cycles of 10 s at 95 ℃, 10 s at 59 ℃, and 20 s at 72 ℃,
respectively. The individual melting curves were recorded
in 1 cycle of 95 ℃ for 1 min and 45 ℃ (codon 10) or
39 ℃ (codon 263) for 30 s, each with a temperature
transition rate of 20 ℃/s, and then ramping to 78 ℃
(codon 10) or 74 ℃ (codon 263) for 0 s with a transition
rate of 0.2 ℃/s. The exact compositions and locations
of sensor and anchor probes are depicted in Figure 1.
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Sequence analysis
Representative amplification products were purified by gel
electrophoresis and sequenced with the Big Dye Terminator
Cycle Sequencing Ready Reaction kit (Applied Biosystems,
Weiterstadt, Germany). Briefly, sequence reactions were
performed in a final volume of 20 µL containing approximately
100 ng amplicon, 8 µL of BigDye Terminator Reaction
Mix, and 40 ng sequencing primer. The cycling conditions
were: initial denaturation at 95 ℃ for 5 min, followed by
50 cycles at 95 ℃ for 30 s, 55 ℃ for 20 s, and 60 ℃ for
4 min. Products were purified on Centri-Sep spin columns
(Princeton Separations, Adelphia, NJ), dried in a Speed Vac
system, and resuspended in 20 µL template suppression
reagent (Applied Biosystems). The reaction products were
then denatured at 95 ℃ for 2 min and separated on the ABI
PRISM 310 DNA Genetic Analyzer (Applied Biosystems).
Calculation of gene frequencies and statistics
The consistency of genotype frequencies with HardyWeinberg equilibrium was checked and visualized with the
help of the triangular de Finetti diagram employing a
software developed by Wienker and Strom[29]. The influence
of TGF-1 genotypes on the stage of fibrosis between
groups was evaluated using 2 analysis. In comparisons,
P values ≤0.05 were considered significant.

RESULTS
TGF- 1 genotyping
We have recently described a real-time PCR detection
method for discriminating the codon 25 variants of human
TGF-1 gene. The assay couples rapid PCR with fluorescent
hybridization probes, allowing target amplification and
product analysis to be done consecutively[27]. In a first step,
the target is amplified by PCR and further processed for
mutation detection. This is achieved by the nearby
hybridization of two labeled probes within the amplified
sequence exchanging FRET. One of the probes is a tightly
binding anchor probe whereas the adjacent sensor probe
covers the region of sequence variations. During melting
of the annealed probes, differentiation of the different allelic
variants are detected by their characteristic melting profiles;
a homozygous sample results in a single peaked melting
curve with a particular melting point for each allele, and a
heterozygous allele constellation results in two peaks. The
accuracy and speed of the genotyping protocol inspired us
to develop comparable methods for analysis of the two
other known polymorphic sites within the coding region
(codons 10 and 263) of the TGF-1 gene. The individual
protocols were optimized for reagent concentrations, cycling
conditions, and melting point analysis. In the final protocols
(Table 1), different fluorescein- and LC-Red640-labeled
hybridization probes are allowed to bind to the amplified
product (Figure 1) and the different variants are identified
in melting curve analysis. Typically, DNA homozygous for
one variant results in a single peak with a different melting
temperature than the other sequence variant and a heterozygous
sample induces a biphasic melting curve with the combined
peaks (Figures 2A and 3A). To demonstrate the accuracy
of the two novel LC-techniques, we sequenced and analyzed
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representative amplicons by gel electrophoresis revealing
that the amplicons (1) were derived from the TGF-1 gene,
(2) contained the predicted allele constellation (Figures 2B
and 3B), and (3) had the correct sizes (Figures 2C and 3C).
Genotype frequencies in subjects of Caucasian and Chinese
ancestry
The summarized TGF-1 genotyping data of the two study
populations are presented in Table 2. Although the genotype
frequencies of all polymorphisms are in Hardy-Weinberg
equilibrium, it is obvious that the distributions of the three
gene variants are significantly dependent on ethnicity. In
104 healthy control subjects and in 90 patients with HBV
infection taken from China the genetic polymorphisms at
codons 25 and 263 were not observed. In contrast, 40 of
260 Caucasian subjects (15.4%) were heterozygous at codon
25 and 19 (7.3%) were heterozygous at codon 263. None of
the tested samples were homozygous for proline or isoleucine

Table 1 LC Protocols for Genotyping the TGF-1 Gene Polymorphisms
Codon 10 (Leu10Pro)
Time (s)

Temp (℃)

Transition Rate (℃/s)

Cycles

600
10
10
20
60

95
95
59
72
95

20
20
20
20
20

1
45

Denaturation
Cycling

1

Melting curve
Analysis

30
45
20
0
78
0.2
5‘-d(CTAGGTTATTTCCGTGGG)-3’
5’-d(CCTTGGCGTAGTAGTCG)-3’
5’-d(TCCCCCATGCCGCCCTCCGGGCT-Fluo)-3’
5’-LCRed640-(CGGCTGCTGCCGCTGCT-P)-3’

Sense primer
Reverse primer
Anchor primer
Sensor primer

Codon 25 (Arg25Pro)
Time (s)

Temp (℃)

Transition Rate (℃/s)

Cycles

600
10
10
20
60

95
95
59
72
95

20
20
20
20
20

1
45

Denaturation
Cycling

1

Melting curve
Analysis

30
40
20
0
80
0.2
5‘-d(CTAGGTTATTTCCGTGGG)-3’
5’-d(CCTTGGCGTAGTAGTCG)-3’
5’-d(GCTACCGCTGCTGTGGCTACTGGTGCT-Fluo)-3’
5’-LCRed640-(ACGCCTGGCCCGCCG-P)-3’

Sense primer
Reverse primer
Anchor primer
Sensor primer

Codon 263 (Thr263Ile)
Time (s)

Temp (℃)

Transition Rate (℃/s)

Cycles

600
10
10
20
60

95
95
59
72
95

20
20
20
20
20

1
45

Denaturation
Cycling

1

Melting curve
Analysis

30
39
20
0
74
0.2
5‘-d(AAGCAGGGTTCACTACCGGC)-3’
Sense primer
5’-d(AGGCCTCCATCCAGGCTACA)-3’
Reverse primer
5’-LCRed640-(GAGAGGGCCCAGCATCTGCAAAGCT-P)-3’ Anchor primer
5’-d(ATGGCCACCCCGCT-Fluo)-3’
Sensor primer
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Table 2 TGF-1 gene polymorphisms in subjects of Chinese and Caucasian origin
Ethnic group
Chinese

n

Subjects

Codon 25

n

194

Controls

Arg/Arg

104

Patients

Caucasians

260

Controls

Arg/Arg

Arg/Arg

Arg/Pro

Patients

Arg/Arg

Arg/Pro

at codon 25 or codon 263, respectively. The frequencies of
TT, TC, and CC genotypes at codon 10 in the Chinese
population among 194 subjects were 50 (25.8%), 87 (44.8%)
and 57 (29.4%), respectively. In the group of 260 Caucasians
the observed values were 106 (40.8%), 127 (48.8%) and
27 (10.4%), again demonstrating that both populations are
divergent for these nucleotide substitutions. Interestingly,
all 40 individuals heterozygous at codon 25 (Arg25Pro) were
heterozygous (Leu10Pro) or homozygous for Pro (Pro10Pro)
at codon 10. None of the subjects heterozygous at codon
25 was homozygous for Leu at codon 10. Hence, it is possible
that the two prolines at codons 25 and 10 encoded by exon
1 form a defined haplotype in Caucasians that tends to be
more frequent than the linkage of a proline at codon 25
together with a leucine at codon 10.
TGF- 1 genetic polymorphisms in assessing interindividual
fibrosis variability in chronic hepatitis
The respective genotype frequencies for each polymorphic
site were calculated for the Chinese and Caucasian populations

Codon 10

90

42

8

178

32

n

Codon 263

Leu/Leu

29

Thr/Thr

104

Leu/Pro
Pro/Pro

49
26
Thr/Thr

90

n

Leu/Leu

21

Leu/Pro

38

Pro/Pro
Leu/Leu

31
19

Thr/Thr

19

Leu/Pro

20

Thr/Thr

17

Thr/Ile

3

Pro/Pro

3

Thr/Thr
Thr/Ile

2
1

Leu/Leu

0

Leu/Pro

7

Thr/Thr

7

Pro/Pro

1

Thr/Ile

1

Leu/Leu

87

Thr/Thr

85

Leu/Pro

80

Pro/Pro

11

Thr/Ile

2

Thr/Thr
Thr/Ile

74
6

Thr/Thr

7

Thr/Ile

4

Leu/Leu
Leu/Pro

0
20

Thr/Thr

20

Pro/Pro

12

Thr/Thr

10

Thr/Ile

2

(Table 3). We found no significant differences in the genotype
frequencies between the individual control groups and
patients suffering from chronic HBV (Chinese) or HCV
(Caucasians) infection, respectively. There was only a slight,
but not significant increase (P = 0.169; 2 = 1.89) of the C
allele (Pro) at codon 10 in Chinese subjects infected by
HBV compared to non-infected Chinese controls.
To elucidate the impact of the different allelic TGF-1
variants and hepatic fibrogenesis in Caucasians, we compared
the obtained genotype distributions between patients with
different degrees of fibrosis (F0-2 vs F3-4) (Table 4). In
summary, this analysis revealed that (1) patients with at least
one proline at codon 10 are at a higher risk to have more
pronounced fibrosis than patients without a proline (2 = 4.39;
P = 0.036); (2) the severity of fibrosis correlates with the
appearance of proline at codon 25 (2 = 5.97; P = 0.015),
and (3) the Thr263Ile polymorphism had no significant impact
on the interindividual variability in fibrosis progression.

Table 4 Genotype distribution of codon 10, 25, and 263 polymorphisms and grade of fibrosis in caucasian patients (n = 200) with
chronic hepatitis C infection
Table 3 TGF-1 Allelic Frequencies

Codon

Chinese
Polymorphic
site
Total
(n = 194)

Controls
(n = 104)

Patients
(n = 90)

Total
(n = 260)

Controls
(n = 50)

Patients
(n = 210)

Codon 10 0.50/0.50 0.51/0.49 0.44/0.56 0.65/0.35 0.65/0.35 0.65/0.35

10

25

(T/C)
Codon 25

1/0

1/0

1/0

0.92/0.08 0.92/0.08 0.92/0.08

(G/C)
Codon 263
(C/T)

263
1/0

1/0

Genotype

Total

F0-2

F3-4

Caucasians

1/0

0.96/0.04 0.95/0.05 0.97/0.03

Leu/Leu

82

70

12

Leu/Pro

95

69

26

Pro/Pro

23

17

6

Arg/Arg

169

137

32

Arg/Pro

31

19

12

Pro/Pro

0

0

0

Thr/Thr

186

145

41

Thr/Ile

14

11

3

Ile/Ile

0

0

0
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1 971

1933

2 011
Leu10Pro

Sense
1 773

2 295
Reverse

2 012

2 054

Sense

Arg25Pro

1 773

2 295
Reverse

374

335
Sense

Thr263lle

261

442
Reverse

Figure 1 Molecular analysis of the coding TGF-1 allele variations. For analysis of the Leu10Pro (A), Arg25Pro (B) and Thr263Ile (C) TGF-1
polymorphisms, corresponding sites are amplified using specific combinations of sense and reverse primers. Subsequently, fluorescently
labeled hybridization probes are annealed to the amplicons allowing discrimination of the different alleles by melting curve analysis.
Nucleotide positions are given according to GenBank accession nos. X05839 (Leu10Pro, Arg25Pro) and X05844 (Thr263Ile), respectively.

0.004
0.003
0.002

Water control
Leu10Leu
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0.001
0
-0.001
50 52 54 56 58 60 62 64 66 68 70 72 74 76

Temperature (℃)

yielded contradictory results[1]. In particular, the lack of wellmatched controls, the uncritical comparison of results
obtained in different ethnicities, and the analysis of populations
with unbalanced ethnic admixture are apparently the cause
for some conflicting reports. Further, a critical factor to
consider is the sample size implicating the statistical power
of genetic association studies. Most often, a strong inverse
relationship between the effort necessary to determine
genetic polymorphism and sample size exists. Some of the
molecular techniques that facilitate the analysis of variants
are labor-intensive and are only appropriate for small-scale
studies. These methods include restriction fragment length
polymorphism (RFLP) analysis, amplification refractory
mutation system (ARMS)-PCR, specialized 5’ nuclease assays,
and single-strand conformational polymorphism (SSCP)
analysis. Recently, high-throughput genotyping platforms,
including SNP mapping, fluorescent dye-based genotyping
technologies, DNA chip-based microarrays, and mass
spectrometry genotyping technologies are developed for
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DISCUSSION
Chronic HBV and HCV infections are one of the most
common infectious diseases leading to high morbidity and
mortality due to the development of liver fibrosis/cirrhosis
and hepatocellular carcinoma. At least four million people
in the USA are believed to be chronically infected with HCV
and nearly 10 000 HCV-related deaths occur each year in
the USA[30-32]. Worldwide, it is estimated that nearly half a
billion people are affected. However, epidemiological studies
revealed that the progression of liver fibrosis in patients
exposed to HCV infection is highly variable and that host
factors including age, alcohol intake, intravenous drug abuse,
sexual activity and gender are independent risk factors[33-36].
Previous studies during the last few years suggested that a
strong genetic component affects the natural course of viral
infections[37] . Based on biological plausibility, numerous
candidate genes and their allelic variations were analyzed as
potential biomarkers influencing the disease progression in
chronic HCV[1,25]. Unfortunately, some of these studies have
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large-scale application.
The clarification of genetic polymorphisms in assessing
interindividual variability in stage, grade and rate of progression
of chronically injured livers in well-designed studies and the
development of adequate genotyping methods are one objective
of the recently created German Network of Competence for
Viral Hepatitis (Hep-Net) sponsored by the German Ministry
of Education and Research[38].
Recently, we described a new procedure discriminating
between different allelic variants at codon 25 of the human
TGF-1 gene[27] and demonstrated that in Caucasian patients
with severe hepatic fibrosis the Pro25 allele is twice as
frequent as in subjects with mild fibrosis. We have analyzed
this polymorphism since TGF-1 is the most dominant
fibrogenic cytokine in hepatic fibrosis contributing to the
increased synthesis and deposition of a broad spectrum of
extracellular matrix molecules including fibronectin, collagens
type I, III, and IV, tenascin, elastin, osteonectin, biglycan,
and decorin[6].
In the present study, we established two novel LC techniques
allowing differentiation of the two other TGF-1 allelic
variants at codons 10 and 263. We extended our previous
investigations and elucidated the possible relationship
between the gene’s coding polymorphisms and the stage of
liver fibrosis in Chinese and Caucasian patients with HBV
or HCV infection, respectively. In the different ancestries,
we found high differences of allelic frequencies at all three
codons. All subjects from China carried the G-allele at codon
25 encoding arginine. This finding along with the recent
demonstration that the variability at this site is also absent
in populations from Korea and Japan[39-41] suggests that this
polymorphism is generally not found in populations of Asia.
Further, we observed no genetic alteration at position 263
in subjects from China. Moreover, the allele frequencies at
codon 10 were different between the two ethnic groups
(Leu 0.514 vs 0.652; Pro 0.486 vs 0.348) again demonstrating
that it is of utmost importance to resolve issues regarding
TGF-1 gene polymorphisms in each of these subpopulations
separately. In the Asian cohort we observed a slight increase
of the Pro allele at codon 10 in patients suffering from
HBV infection. However, the observed difference was of
modest magnitude and not statistically significant indicating

that this polymorphism is unlikely to be associated with the
susceptibility for HBV infection in China.
In accordance, frequencies of the three investigated
TGF-1 genotypes did not differ between Caucasian patients
with chronic HCV infection and control subjects confirming
that these TGF- polymorphisms are not per se associated
with an increased risk of chronic hepatitis infections. However,
in Caucasians the presence of a C rather than a G at codon
25 changing arginine to proline predispose to more severe
fibrosis. Furthermore, patients have an elevated risk when
a proline is present at codon 10 suggesting that TGF-1 gene
polymorphisms contribute to the interindividual disease
variability.
The observed association between the leucine to proline
substitution at codon 10 and the severity of fibrosis might
be more indirect since both amino acids are apolar. Therefore,
it is unlikely that the polymorphism affects the biological
function and biochemical properties of the signal peptide
and up to now there are no reports available demonstrating
a different processing or synthesis of TGF-1 for these
modifications. Rather, the finding that all subjects genotyped
for at least one proline at codon 10 were also heterozygous
at codon 25 suggests that the prolines at codon 25 and
codon 10 form a defined haplotype in Caucasians.
In general, our findings are somewhat unexpected because
(1) experimental evidence has suggested that leukocytes
taken from individuals with the Arg25Arg genotype had a
significantly higher mean production of TGF-1 than
individuals with the Arg25Pro genotype[18] and (2) previous
work of our laboratory has demonstrated that the median
value of the TGF-1 in platelet-free plasma from fibrotic
patients carrying the homozygous Arg genotype were higher
than in heterozygous patients[26]. As a consequence, it would
be more presumable when the Arg25Arg genotype had more
impact on hepatic fibrogenesis. In this regard, a recent report
demonstrating that the sequestering of TGF-1 by a soluble
TGF- receptor in an experimental animal model of chronic
liver injury was less pronounced when the antagonist was
given at higher doses is most interesting[17]. Both findings
correspondingly show that high TGF-1 concentrations
per se are not decisive for the issue of fibrogenesis. Although
speculative, a potential mechanism underlying the varying
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susceptibility for fibrosis might be a different tendency of
both genotypes to increase the hepatic fraction of biologically
active TGF-1 in injured liver. Theoretically, it might also
be possible that the suppression of the immune status by
TGF-1 in the high producer phenotype is more pronounced
and that this dose-dependent modulation influences the
overall susceptibility to the virus. However, this hypothesis
is in contrast to our findings that reveal no differences in
the frequencies of the individual TGF-1 genotypes between
patients chronically infected with HBV or HCV and the
corresponding control groups. Since we have as yet no direct
explanation how the amino acid substitutions at codon 10
and 25 contribute to hepatic fibrogenesis, further studies
will determine at which level they modulate the biological
activity of TGF-1 function. We have not correlated our
data to surrogate markers for liver fibrosis (e.g., serum
hyaluronic acid), since these markers are known to be
predominantly altered in patients with severe fibrosis or
cirrhosis. However, the histological scoring as the gold
standard for evaluating the degree of fibrosis was found
to be strongly dependent on gene frequencies within the
TGF-1 gene.
In summary, our data support the hypothesis that TGF1 polymorphisms contribute to the susceptibility for hepatic
fibrosis in chronic HCV infection. The established TGF-1
genotyping methodology and the integration of our work
into the German Network of Excellence for Viral Hepatitis
(Hep-Net) will allow analyzing large numbers of HBV- and
HCV-samples from academic centers and private practice
institutions in the near future. This will undoubtedly provide
the basis for a better design of studies aimed to understand
the impact of human diversity in the pathogenesis of liver
diseases. We hope that this report encourages investigators
to enter and participate in large-scale collaboration studies.
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Abstract
AIM: To analyze the expression profiles of premalignant
and/or preclinical lesions of gastric cancers.
METHODS: We analyzed the expression profiles of normal
gastric pit, tubular adenoma and carcinoma in situ using
microdissected cells from routine gastric biopsies. For
the DNA microarray analysis of formalin-fixed samples,
we developed a simple and reproducible RNA extraction
and linear amplification procedure applying two polymerasebinding sites. The amplification procedure took only 8 h
and yielded comparable DNA microarray data between
formalin-fixed tissues and unfixed controls.
RESULTS: In comparison with normal pit, adenoma/
carcinoma showed 504 up-regulated and 29 down-regulated
genes at the expected false significance rate 0.15%. The
differential expression between adenoma and carcinoma
in situ was subtle: 50 and 22 genes were up-, and downregulated in carcinomas at the expected false significance
rate of 0.61%, respectively. Differentially expressed genes
were grouped according to patterns of the sequential
changes for the ‘tendency analysis’ in the gastric mucosaadenoma-carcinoma sequence.
CONCLUSION: Groups of genes are shown to reflect the
sequential expression changes in the early carcinogenic
steps of stomach cancer. It is suggested that molecular
carcinogenic pathways could be analyzed using routinely
processed biopsies.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is one of the leading cancers worldwide[1].
Helicobacter pylori (H pylori) infection has been associated with
gastric cancer[2], and the associated gastritis is regarded to
be a major contributing factor in carcinogenesis[3,4]. H pyloriinfection causes selective neutrophil infiltration to the
proliferative zone of the gastric pits, which puts the actively
regenerating cells under continuous mutagenic pressure and
damage[5-7]. Acute foveolitis of the proliferative zone often
induces extensive genomic damage in the proliferating cells
which may be distinguished morphologically by the clear
cellular changes, i.e., “the malgun cell changes”[6, 7]. However,
the premalignant lesions and/or carcinogenetic pathways
have not been characterized[8].
Gastric cancers are diverse in the biological behavior as
well as histogenesis. A considerable part of gastric cancers
appears to develop from preexisting adenomas[9] while de novo
carcinogenesis also exists[10]. They may be distinct not only
in histogenesis but also in clinicopathological behaviors. To
prevent and control gastric cancers, it would be important
to figure out the carcinogenetic steps in both histopathological
and molecular levels. The sequential expression changes from
premalignant lesions to early stage cancers would provide
insights into the carcinogenetic pathways and the detection
of molecular targets for a specific treatment.
It has been a goal of oncogenomics to analyze the sequential
expression changes at the premalignant and/or preclinical
stage. Despite widespread application of DNA microarray
analysis, it has remained to be a difficult goal to achieve
because early lesions are often so small and subtle that they
are only detected at the microscopic level convincingly, and
consequently, are mostly available as formalin-fixed,
paraffin-embedded samples as remnants of histopathological
examination.
Once distinguished, the early lesions may be microdissected
out from histological sections for the expression profiling
analysis. Formalin-fixation provides excellent histological
preparation for the detection of subtle premalignant lesions.
For instance, the malgun cell change of gastric epithelium
in H pylori gastritis may not be seen on frozen sections or
other fixations[7]. Formalin-fixation and paraffin-embedding
also confer the tissue stability for archival storage, and thus,
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has remained as the standard protocol for tissue preparation
in pathology laboratories. However, formalin causes extensive
base modifications of nucleic acids[11], which make it difficult
to recover intact RNA and/or amplification necessary for
the microarray analysis. Thus, a simple and reliable way of
expression profiling of formalin-fixed tissue sections has
been sought for as one of the bridges which would connect
medicine with genomics.
Here, we present the expression profiles of normal gastric
mucosa, adenoma, and carcinoma in situ using microdissected
cells from formalin-fixed, paraffin-embedded sections. For
the study, we have developed a simple RNA preparation/
amplification procedure for the DNA microarray analysis
applying two polymerase-binding sites. The amplification
procedure including PCR and an in vitro transcription took
only 8 h and provided comparable correlations with unfixed
counterparts. Depending on the availability of microdissected
cells, the procedure may be extended applying the second
RNA polymerase. Using the procedure, more than 500 genes
were detected to express differentially at the early stage of
gastric carcinogenesis. They were analyzed in groups
according to the patterns of sequential changes in the
carcinogenetic pathway. Our data suggested that the screening
for cancer related genes would be facilitated by the sequential
expression changes at the early stage lesions using archival
samples. The procedure and analysis were described in detail
with pertinent information so that it may be reproduced
readily in hospitals as well as research laboratories.

MATERIALS AND METHODS
Cell lines and xenograft tumors
We used xenograft gastric cancer tissues for the development
and fine adjustment of the RNA extraction/amplification
method. Human gastric adenocarcinoma cell lines MKN45
and SNU484 were cultured in DMEM with 5% PBS. Cells
were harvested with trypsinization when they reached 70%
confluency. After being washed with PBS, ten million cells
were resuspended in 0.3 mL PBS, and injected into nude
mice subcutaneously. When the xenograft tumors reached
1 cm in diameter, mice were killed by cervical dislocation
and tumors were harvested. MKN45 cells grew faster than
SNU484 in culture and nude mice. Half of the tumors
were frozen immediately in liquid nitrogen, and the rest
were fixed in 10% buffered-formalin for 10 h at room
temperature. Fixed tissue samples were processed for routine
paraffin embedding.
Tissue samples and microdissection
Ten gastric biopsies having tubular adenomas and/or welldifferentiated adenocarcinomas in situ were selected randomly
from the surgical pathology file of Asan Medical Center,
Seoul, Korea. Tubular adenomas were from eight male and
two female patients ranging from 53 to 69 years old.
Carcinomas were from 7 males and 3 females patients
ranging from 45 to 74 years old. Controls were from 10
normal mucosa biopsies which were negative for H pylori
infection. This study was approved by the Clinical Research
Review Board of Asan Medical Center, Seoul, Korea.
Biopsies were fixed immediately in 10% buffered-
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formalin and processed routinely. After the histopathological
diagnosis, additional 5 umol/L sections were taken from
the paraffin blocks. For the sectioning and H and E staining,
all the solutions were freshly made using DEPC-treated
water, and the slides and instruments were autoclaved. Cells
were microdissected using an AutoPix laser capture
microscope system (Arcturus, Mountain View, CA.).
RNA extraction
Total RNA was extracted twice from freshly frozen xenograft
tissues using TRIzol reagents (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions. For the RNA
extraction from formalin-fixed tissues, deparaffinized
sections were removed from the slides by applying 200
proteinase K buffer [2% SDS, 10 mmol/L Tris-HCl (pH 8.0),
0.1 mmol/L EDTA]. Samples were transferred into a
microcentrifuge tube and incubated at 70 ℃ for 1 h to
relieve the formalin-induced modifications. Then, 3 L
proteinase K (30 g/L, Intron biotechnology, Songnam,
Korea) was added, and incubated again at 55 ℃ for 1 h.
RNAs were extracted with TRIzol similarly. The extracted
RNAs were precipitated in isopropanol with 5 g linear
acrylamide (Ambion, Austin, TX), and the RNA pellets were
resuspended in 10 L nuclease-free water (Ambion). The
quality of extracted RNAs was checked using denaturing
agarose gels. The amount of extracted RNA samples and/or
amplified RNA was measured using a RiboGreen RNA
quantitation kit (Molecular probes, Eugene, Oregon)
according to the manufacturer’s protocol. Each measurement
was duplicated, and the average values were taken.
RNA amplification
For the first strand synthesis, 100 pmoL of T7dT primers
(100 pmol/L, 5’- AAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGCGCTTTTTTTTTTTTTTTTTTTTTTTT-3’, Bioneer, Daejon, Korea) was added to the
10 L of total RNA, and incubated at 70 ℃ for 10 min.
After primers were let to anneal to RNA templates by
incubating on ice for 10 min, 4 L 5X first-strand buffer,
0.5 L RNase inhibitor (40 U/L, Promega, Madison, WI),
2 L 0.1 mol/L DTT, 1 L dNTPmix (10 mmol/L each,
Roche, Mannheim, Germany), and 2 L SuperScript II TM
reverse transcriptase (Invtirogen, Carlsbad, CA) were added.
The mixture was incubated at 42 ℃ for 2 h.
For the second strand synthesis, 1 L RNAse H (2 U/L,
Invitrogen, Carlsbad, CA) was added to the mixture, and
incubated at 37 ℃ for 15 min, and at 95 ℃ for 2 min.
Then, 1 L random T3N6 primers (100 pmoles/L, 5’GCGCGAAATTAACCCTCACTAAAGGGAGANNNNNN3’) were added, incubated at 95 ℃ for 2 min, and placed
on ice for 10 min. Then, 20 L 5X second-strand buffer
(Invtirogen, Carlsbad, CA), 2 L dNTPmix (10 mm each),
nuclease-free water 53.5 L, 2.5 L E. coli DNA polymerase
I (10 u/L, Invitrogen, Carlsbad, CA) were added and
incubated at 16 ℃ for 2 h. The synthesized double-stranded
DNA was purified using a MinEluteTM PCR purification kit
(Qiagen, Valencia, CA) according to the manufacturer’s
protocol. To retrieve DNA efficiently, samples were eluted
twice with 42 L eluting solution.
Then the double stranded DNA was applied to PCR
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amplification. To the elution, 10 L 10X Advantage 2 PCR
buffer (Clontech), 1 L T7 promoter primers (100 pmol/L,
5’-CGGCCAGTGAATTGTAATACGACTCACTATAGGCG-3’), 1 L T3 promoter primers (100 pmol/L,
5’-GCGCGAAATTAACCCTCACTAAAGGGAGAGGG3’), 2 L 10 mmol/L dNTP mix, and 2 L advantage 2
polymerase mix (Clontech) were added. PCR reaction was
done in a Gene-Amp PCR 9600 system (PE Biosystems,
Foster City, CA) for 1 min at 95 ℃, 20 cycles for 30 s at
95 ℃ for 40 s at 65 ℃ for 5 min at 68 ℃, for 7 min at 68 ℃.
PCR products were purified using a MinElute TM PCR
purification kit (Qiagen, Valencia, CA), and were eluted using
10 L nuclease-free water twice.
Following the PCR amplification, aRNA synthesis (in
vitro transcription) was performed using an AmpliScribeTM
T7 high yield transcription kit (Epicenter, Madison, WI) at
37 ℃ for 5 h in 40 L of reaction volume. Synthesized
aRNA was purified using a RNeasy Mini kit (Qiagen).
For cDNA microarray analysis, stomach cancer-specific
14K cDNA microarray chips were applied[12] . The probe
labeling and hybridization were done using the aminemodified random primer aminoallyl method[13]. Probes were
synthesized from 10 g unamplified total RNA or 30 g
aRNA using 2 g amine-modified random primer (5’C6dTNNNNN-3’, SIGMA Genosys, The Woodlands, TX).
For the xenograft study, SNU484 and MKN45 tumor
samples were labeled with Cy3 and Cy5, respectively. For
the microdissection study, either adenoma or carcinoma
was labeled with Cy3 and hybridized against the same normal
control labeled with Cy5. The labeled probes were mixed,
and the volume was adjusted to 500 L by adding nucleasefree water. The final volume was adjusted to 17 L by
centrifugation (10 000 g) in the Microcon YM-30 (Millipore,
Bedford, MA).
For the hybridization, 1 L poly A (8 mg /mL, Roche,
Mannheim, Germany), 1 L Cot-1 DNA (10 mg/mL,
Invitrogen, Carlsbad, CA), 1 L yeast tRNA (4 mg/mL,
Invitrogen, Carlsbad, CA) were added to the labeled probe,
and denatured at 100 ℃ for 2 min, and cooled on ice. The
probe was mixed with 20 L 2× formamide hybridization
buffer [50% formamide, 10× SSC, 0.2% SDS], and applied
to the DNA microarray. A glass cover slip was applied, and
the microarray was put in the hybridization cassette
(TeleChem International, Sunnyvale, CA). After being
incubated overnight in a 42 ℃ water-bath, microarrays were
washed with the first [2× SSC, 0.1% SDS] and second wash
solutions [0.5× SSC, 0.01% SDS] for 5 min, respectively.
Remaining water was removed from the slide by
centrifugation at 800 r/min for 2 min.
The arrays were scanned with a GenePix 4000B scanner
(Axon, Foster City, CA) at 10 µm resolution. The PMT
voltage settings were varied to obtain the maximum signal
intensities with <1% probe saturation. The resulting images
were analyzed using the ImaGeneTM 4.0 (BioDiscovery, Los
Angeles, CA) software. Spots having a signal-to-noise ratio
over 1.4 were screened and normalized for the analysis.
Pearson correlation coefficients of the global and differentially
expressed genes were calculated using the SPSS software
(SPSS Inc. Chicago, IL).
SAM analysis was done to detect differentially expressed
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genes in microdissected adenomas and carcinomas[14]. The
selected genes were divided into nine groups to show the
patterns of sequential changes among the normal pits,
adenoma, and carcinoma. First, genes were divided into
three categories arbitrarily according to the expression
changes in adenomas compared to the control: up-regulated
(>1.4 times, log ratio >0.485), down-regulated (<1.4 times),
and ‘unchanged’. Then, each category was further divided into
three groups according to the expression changes in carcinomas
compared to the control: up-regulated (>1.2 times, log ratio
>0.263), down-regulated (<1.2 times), and ‘unchanged’.

RESULTS
Expression profiling of fresh xenografts
Both MKN45 and SNU484 xenograft tumors consisted
of solid cell clusters, being reminiscent of poorly differentiated
gastric adenocarcinomas (data not shown). The expression
profiles were analyzed using unamplified samples, and the
data were used as a control for the development and fine
adjustment of the amplification conditions in the subsequent
experiments using formalin-fixed counterparts. The
microarray data including those of microdissected samples
were deposited at the GEO (www.ncbi.nlm.nih.gov/geo/)
(accession numbers GSM20670-5).
The expression profiling of MKN45 and SNU484
xenograft tumors showed that they had quite distinct
expression patterns despite the histopathological similarity.
The up-regulated genes in SNU484 in comparison with
MKN45 included aldehyde dehydrogenase 1 family member
A1 (ALDH1A1), thymosin beta 4 (TMSB4X), activated
leukocyte cell adhesion molecule (ALCAM), collagen type
XI alpha 1 (COL11A1), and plectin 1 (PLEC1), etc. The
up-regulated genes in MKN45 tumor included EBNA2 coactivator (p100), regenerating gene type-4 (REG-IV), S100
calcium binding protein A4 (S100A4), replication initiation
region protein (60 ku) (RIP60), and carcinoembryonic
antigen-related cell adhesion molecule 6 (CEACAM6), etc.
Considering that MKN45 cells grew much faster than
SNU484 cells in vitro and ex vivo, some of the differentially
expressed genes might be related to cell growth and/or
aggressiveness. For instance, S100A4 protein up-regulation
was shown to associate with metastasis and poor prognosis
of stomach cancer and others[15] .
RNA extraction and amplification from formalin-fixed samples
It was reported that sample heating relieved the extensive
base modifications of nucleic acids induced by formalinfixation[11]. To make the procedure as simple as possible, we
used only heating/proteinase K treatment to observe how
efficient and reproducible the RNA extraction was. Samples
were heated at 70 ℃ for 1 h before the proteinase K treatment
for the RNA extraction. RNAs were extracted from the
fixed tissue sections of SNU484 and MKN45 xenograft
tumors using the protocol. The extracted total RNAs were
estimated to be 18.3 and 24.1 pg per fixed cell of MKN45
and SNU484 tumors, respectively (Table 1). They corresponded
to 63.1 and 77.7% of the total RNAs of MKN45 (29 pg)
and SNU484 (31 pg) cells in culture, suggesting that the
extraction efficiency from formalin-fixed cells was comparable
to that from fresh counterparts.
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Table 1 Amplification efficiency of formalin-fixed tissues
Starting materials
Sample

Fresh

Amplification
Method

Amplified RNA(ng)
2

Total RNA (ng)
(1mRNA)

MKN45

690
4

Fixed

Cell number

T7 IVT only

3

Amplification
Fold (X)

152.2

761 X

20 (0.2)

SNU484

650

213.2

1 066 X

MKN45

830

121.6

608 X

T7 IVT only

20 (0.2)

SNU484

1 090

MKN45

830

42 120

210 600 X

1 090

45 016

225 080 X

5

PCR-T7 IVT

128.6

643 X

20 (0.2)

SNU484

RNAs from fresh and formalin-fixed xenograft tumors of MKN45 and SNU484 cells were amplified under the same conditions as described in the Materials and Methods.
1
mRNA : estimated to be 1/100 of total RNA (ng). 2Cell number: estimated number of cells from tissue sections required to obtain the starting RNA (20ng). 3Amplification
folds: aRNA/estimated starting mRNA. 4T7 IVT: in vitro transcription using T7 RNA polymerase. 5PCR-T7 IVT: 20 cycles of PCR followed by T7 IVT.

The amplification procedure is depicted in Figure 1. The
entire procedure of RNA extraction and one-round
amplification took only 8 h. The first strand cDNA was
synthesized using T7dT primers as described previously[16,17].
Then, the second strand were synthesized using T3N6
primers, and 20 cycles of PCR amplification was done using
the T3 and T7 promoter primers as described in the Materials
and Methods. The resulting PCR products were used for
the in vitro transcription using either T7 or T3 polymerase,
which yielded similar amplification rates (data not shown).
If the amplified products were not enough for the
microarray analysis, in vitro transcription might be repeated
using either T3 or T7 polymerase, whichever was unused
in the first round.
The amplification results from two xenograft tumors
are summarized in Table 1. To see whether RNAs from
formalin-fixed samples were adequate for the amplification,
we first checked the amplification only in vitro transcription
using T7 polymerase. The amounts of aRNAs of fixed
AAAAAA 3’ mRNA
TTTTTT-T7 5’

5’
First-strand cDNA synthesis

AAAAAA 3’ DNA/RNA hybrid
TTTTTT-T7 5’

5’
3’

RNaseH treatment & T3N6 primer primed second-strand synthesis
3’
T3N6

TTTTTT-T7 5’
T3N6

T3N6

3’

AAAAAA

5’ T3N6

3’
TTTTTT-T7 5’
3’

3’

AAAAAA

5’ T3N6
PCR with T3 & T7 promoter primer
3’
5’ T3

3’
5’ T3

T7 5’
3’

T7 5’
3’

3’
5’ T3
3’
5’ T3

T7 5’
3’
T7 5’
3’

PCR products

In vitro transcription with T7 RNA polymerase
3’ aT3N6
3’ aT3N6
3’ aT3N6
3’ aT3N6

UUUUUU
UUUUUU
UUUUUU
UUUUUU

5’
5’ aRNA (antisense)
5’
5’

Figure 1 Schematic view of amplification procedure.

MKN45 and SNU484 tumors were increased 6.43 and 6.
08 times, respectively. Provided the mRNA amount was
1% of the total RNAs, the amplification rates were estimated
to be 643 and 608 times, respectively. For the fresh samples,
the amplification rates after the in vitro transcription were
estimated to be 761 and 1 066 times for MKN45 and
SNU484 tumors, respectively, showing that the amplification
efficiencies of fixed samples were comparable to those of
fresh counterparts. When fixed MKN45 and SNU484
tumors were processed for a complete round of amplification,
the amplification rates were 210 600 and 225 080 times,
respectively. Since 20-40 g of aRNA was enough for a
DNA microarray depending on the hybridization methods,
it was estimated that less than 1 000 cells were required for
a DNA microarray analysis.
Amplified aRNAs were hybridized on 14K cDNA
microarrays, and the data were compared with those of the
unamplified fresh tissue controls. Upon the filtering, 13 706
and 13 407 spots were left for the aRNA and controls,
respectively. The correlation coefficient of global gene
expression was 0.718. The correlation coefficient was increased
to 0.858, when 500 genes differentially expressed between
SNU484 and MKN45 more than twice were compared.
Expression profiling of microdissected gastric lesions
We, then, analyzed the expression profiles of normal gastric
epithelium, adenoma, and adenocarcinoma in situ using
microdissected cells from ‘routine’ gastric biopsies. For the
sequential analysis of early lesions only the carcinomas
without stromal invasion were included. For the normal
control, pit epithelia were taken only from the proliferative
zone in order to minimize the ‘contamination’ by genes
related to nonspecific cell proliferation in adenomas and
carcinomas (Figure 2A). To avoid cells with DNA damage,
any epithelial cells showing the malgun cell change were
excluded[7]. Adenomas had glands which were rather regular
in size and orientation, which were much more than the
normal glandular distribution (Figure 2B). Epithelial cells
were uniformly columnar and well oriented. Nuclei were
hyperchromatic with a high nucleus/cytoplasm ratio.
Carcinomas consisted of glands which were mildly irregular
in size and arrangement in comparison with those of
adenomas (Figure 2C). Cells were not particularly different

Lee CH et al. Expression profiling of gastric adenoma and carcinoma
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Before

Captured

A

Normal
gland

B

Tubular
adenoma

C

Carcinoma in situ

Figure 2 Histologic view (left) and microdissected cells (right) of the normal gastric mucosa. (A) adenoma; (B) and carcinoma in situ;
(C) (HE stain. x20). Compared to adenomas, carcinoma in situ had only mild glandular complexity.
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-0.6
-0.8
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6

B
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from adenoma cells in size, but nuclei were ovoid and nucleoli
were more prominent.
For the experiment, a total of 10 000 cells from 10
adenomas and/or carcinomas and 20 000 normal control
cells were microdissected and pooled, respectively. After
the amplification, 135.2, 77.3, and 77.9 ug of aRNAs were
obtained from the normal pit, adenoma, and carcinoma,
respectively. Microarray hybridization was duplicated for
adenomas and carcinomas, respectively, using the same
control of normal pit epithelium.
The DNA microarray data were analyzed using the SAM
method[14]. At the expected false significance rate of 0.15%,
504 up-regulated and 29 down-regulated genes were detected
in adenoma and carcinoma (Figure 3A). Genes with differential
expressions are summarized in Tables 2 and 3. The difference
of expression between adenoma and carcinoma was subtle.
Fifty up-regulated and 22 down-regulated genes were detected
in carcinomas compared to adenomas at the expected false
significance rate of 0.61% (Figure 3B).
To analyze the genes according to the patterns of sequential
expression changes, we further divided the genes into nine
groups as described in the Materials and Methods (Figure 4).
Groups 1, 2, and 3 included genes that were up-regulated
in adenomas, and kept on being up-regulated, maintained,
and down-regulated in carcinomas (47, 178, and 117 genes),
respectively. Groups 4, 5, and 6 included genes with minimal

2
-3

-2

-1

0 0
2
4
6

Figure 3 SAM analysis of gastric adenoma/carcinoma microdissected
from formalin-fixed biopsies. A: At the expected false significance
rate of 0.15%, 504 up-regulated and 29 down-regulated genes in
adenoma/carcinoma vs normal control (Tables 2 and 3); B: At the
expected false significance rate of 0.61%, 50 up-regulated and 22
down-regulated genes in carcinomas vs adenomas.
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Table 2 Up-regulated genes
Symbol

Annotation

GenBank

NUP153

Nucleoporin 153 ku

NM_005124

CENPA

Centromere protein A (17 ku)

NM_001809

RPL23
LMAN2

Ribosomal protein L23
Lectin, mannose-binding 2

NM_000978
NM_006816

KIAA0469

KIAA0469 gene product

NM_014851

POLR2C

Polymerase (RNA) II (DNA directed) polypeptide C, 33 ku

NM_002694

G2AN
KIAA0007

Alpha glucosidase II alpha subunit
KIAA0007 protein

NM_014610
D26488

EPHB4

EphB4

NM_004444

YWHAQ

Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, theta polypeptide

NM_006826

DHX9
K-ALPHA-1

DEAH (Asp-Glu-Ala-His) box polypeptide 9
Tubulin, alpha, ubiquitous

NM_001357
NM_006082

CPR2

Cell cycle progression 2 protein

NM_030900

PICALM

Phosphatidylinositol binding clathrin assembly protein

NM_007166

CXCL5
MGC3103

Chemokine (C-X-C motif) ligand 5
KUGI seq X - hypothetical protein MGC3103

NM_002994
NM_024036

CHUK

Conserved helix-loop-helix ubiquitous kinase

NM_001278

FLJ20297

Hypothetical protein FLJ20297

NM_017751

RPL4
TFPI

Ribosomal protein L4
Tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor)

NM_000968
NM_006287

CD9

CD9 antigen (p24): tetraspanin superfamily

NM_001769

ZFP276

Zinc finger protein 276

NM_152287

HYOU1
HTATIP

Hypoxia up-regulated 1
HIV-1 Tat interactive protein, 60 ku

NM_006389
NM_006388

TMPO

Thymopoietin

NM_003276

FLJ10521

Hypothetical protein FLJ10521

NM_018125

GBAS
LOC51142

Glioblastoma amplified sequence
16.7 ku protein

NM_001483
NM_016139

LGTN

Ligatin

NM_006893

NEDD5

Neural precursor cell expressed, developmentally down-regulated 5

NM_004404

PAFAH1B2

Platelet-activating factor acetylhydrolase, isoform Ib, beta subunit 30 ku

NM_002572

RPIA
ARHGEF9

Ribose 5-phosphate isomerase A (ribose 5-phosphate epimerase)
Cdc42 guanine nucleotide exchange

NM_144563
NM_015185

RNPS1

RNA binding protein S1, serine-rich domain

NM_006711

RPL27

Ribosomal protein L27

NM_000988

RAMP
PRKAG1

RA-regulated nuclear matrix-associated protein
Protein kinase, AMP-activated, gamma 1 non-catalytic subunit

NM_016448
NM_002733

HMGB1

High-mobility group box 1

NM_002128

TOP1MT

Mitochondrial topoisomerase I

NM_052963

HNRPA0
TRA1

Heterogeneous nuclear ribonucleoprotein A0
Tumor rejection antigen (gp96) 1

NM_006805
NM_003299

BAP1

BRCA1 associated protein-1 (ubiquitin carboxy-terminal hydrolase)

NM_004656

SMARCD2

SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily d, member 2

NM_003077

FLJ11749
RPL37

Hypothetical protein FLJ11749
Ribosomal protein L37

NM_024591
NM_000997

RPS17

Ribosomal protein S17

NM_001021

HNRPM

Heterogeneous nuclear ribonucleoprotein M

NM_005968

AP3B1
CRR9

Adaptor-related protein complex 3, beta 1 subunit
Cisplatin resistance related protein CRR9p

NM_003664
NM_030782

KIAA0152

KIAA0152 gene product

NM_014730

to mild variations in adenomas, which were then upregulated, maintained, and down-regulated in carcinomas
(57, 73, and 2 genes), respectively. Groups 7, 8, and 9
included genes which were down-regulated in adenomas,
and then, up-regulated, maintained, and kept on being
down-regulated in carcinomas (28, 10, and 9 genes),
respectively. It was expected that such a ‘tendency analysis’
at multiple points of carcinogenetic steps would help
recognize groups of genes with a distinct biological significance
at the early stage of gastric carcinogenesis. As discussed
later, many genes associated with cancers were included

in the groups that were expected to implicate in the
carcinogenesis significantly. Many novel genes with unknown
functions were also included in each group.

DISCUSSION
We analyzed the expression profiles of early lesions of gastric
cancer using formalin fixed biopsies. Our goal was to
develop a simple and practical procedure for the RNA
extraction and amplification that may be applied to the
reproducible analysis of formalin-fixed samples in hospitals

Lee CH et al. Expression profiling of gastric adenoma and carcinoma
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Table 3 Down-regulated genes
TFF2

Trefoil factor 2 (spasmolytic protein 1)

NM_005423

GALIG

Galectin-3 internal gene

NM_194327

TSPAN-1

Tetraspan 1

NM_005727

MUC5AC
REG-IV

Mucin 5, subtypes A and C, tracheobronchial/gastric
Regenerating islet-derived family, member 4

AJ001403
NM_032044

LOC376711

Similar to calpain 8

XM_352343

SYTL2

Synaptotagmin-like 2

NM_032943

MT2A
RPL13A

Metallothionein 2A
Ribosomal protein L13a

NM_005953
NM_012423

DPCR1

Diffuse panbronchiolitis critical region

NM_080870

IGL@

Immunoglobulin lambda locus

BM918733

TFF1
GUK1

Trefoil factor 1 (breast cancer, estrogen-inducible sequence expressed in)
Guanylate kinase 1

NM_003225
NM_000858

SLC25A19

Solute carrier family 25 (mitochondrial deoxynucleotide carrier), member 19

NM_021734

LGALS3

Lectin, galactoside-binding, soluble, 3

NM_002306

PSCA
FLJ38641

Prostate stem cell antigen
FLJ38641

NM_005672
AL358512

TSPAN-3

Tetraspan 3

NM_005724

KCNE3

Potassium voltage-gated channel, Isk-related family, member 3

NM_005472

GDDR
SERPINH1

Down-regulated in gastric cancer GDDR
Serine (or cysteine) proteinase inhibitor, clade H (heat shock protein 47), member 1, (collagen binding protein 1)

NM_182536
NM_001235

ZNF265

Zinc finger protein 265

NM_005455

CYP2S1

Cytochrome P450, family 2, subfamily S, polypeptide 1

NM_030622

AGR2

Anterior gradient 2 (Xenepus laevis) homolog

NM_006408

and research laboratories. It has been suggested that the
RNA extracted from formalin-fixed tissues using various
methods could be used for quantitative analysis in many
fields of biological research[18-25]. Our data suggested that
the simple procedure could improve not only the extraction
efficiency but also the quality of RNA that were good enough
for the DNA microarray analysis.
Our strategy for the amplification was to introduce two
RNA polymerase binding sites that might be used for both
PCR and in vitro transcription (s). We applied T7dT primers
and random T3N6 primers to the first and second strand
DNA synthesis, respectively. The T3N6 primers yielded a
similar reproducibility but a better efficiency in comparison
with T3N9 primers, which were shown to reproduce similar

0.485<A/N

-0.485<A/N<0.485

A/N<-0.485

0.263<C/A

Group 1

-0.263<C/A<0.263

Group 2

C/A<-0.263

Group 3

0.263<C/A

Group 4

-0.263<C/A<0.263

Group 5

C/A<-0.263

Group 6

0.263<C/A

Group 7

-0.263<C/A<0.263

Group 8

C/A<-0.263

Group 9

N

A

C

Figure 4 Selected genes of 9 groups showing the patterns of
sequential expression changes. N: normal, A: adenoma, C: cancer.

results after repeated rounds of amplifications[17] (data now
shown). Our ‘2 binding sites’ strategy reduced the unnecessary
preparation time for each step so that the entire procedure
of PCR and one round in vitro transcription took only 8 h.
When it was necessary, the second round of in vitro
transcription might be added using either T3 or T7 RNA
polymerase, whichever was not used in the first round.
Alternatively, two consecutive rounds of in vitro transcriptions
might be done omitting the PCR step, although it would be
more time-consuming. In any case, the flexibility is of a
critical advantage when the availability of cells is limited.
Because the bias induced by the random primer hybridization
would have already been reflected in the PCR products,
the second round amplification was not expected to introduce
significant errors.
The PCR was applied to the linear amplification for
DNA microarray analysis[26,27] . Iscove et al [26] limited the
elongation time so that only extreme 3’ ends of similar length
were amplified. Aoyagi et al[27] did the in vitro transcription
first, and then, applied adaptors to the cDNAs for the PCR
amplification. In contrast, our method was simple and did
not require any additional procedure for the PCR. We
allowed sufficient elongation time to assure a complete cycle
for each cDNA. PCR amplification was also applied to the
simultaneous amplification of multiple genes[25].
Formalin-fixed tissues produced comparable data with
those of the unfixed control (global correlation coefficient
0.718). Interestingly, the correlation coefficients increased
considerably when only differentially expressed genes were
analyzed. The increased correlation may suggest that the
amplification of abundant genes is relatively privileged.
Anyway, it is an encouraging finding for the practical
application, because the aim of most DNA microarray
screening is to detect the differentially expressed genes rather
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than global gene profiling.
Our data suggested that the subtle differential expression
between adenoma and carcinoma in situ could be detected
convincingly. DNA microarray analysis was based on
competitive hybridization, and so far, most studies have
been designed to compare the expression profiles of two
distinct lesions that may or may not be directly related. Our
approach of multi-point comparison may provide a unique
opportunity for the “tendency analysis”, which could be
helpful for the screening of biologically significant genes in
the carcinogenesis and progression of diseases.
Groups 1, 2, and 3 included genes that were up-regulated
in adenomas, and kept on being up-regulated, maintained,
and down-regulated in carcinomas. They included many
genes that were up-regulated in cancers and implicated in
the carcinogenesis, suggesting that our data were quite
reproducible. Group 1 included many genes which were
implicated in carcinogenesis and/or up-regulated in cancers:
junction plakoglobin (gamma catenin: JUP), squamous cell
carcinoma antigens recognized by T cell 3 (SART3), DEAH
(Asp-Glu-Ala-His) box polypeptide 9 (DHX9), mucin 4
(MUC4), ribosomal protein L15 (RPL15), microphthalmiaassociated transcription factors(MITF), and fusion (involved
in t (12;16) in malignant liposarcoma) (FUS). JUP and MITF
have been implicated in the Wnt pathway, which is one of
the main carcinogenic pathways[28,29].
Groups 2 and 3 included A-Raf (v-raf murine sarcoma
3611 viral oncogene homolog 1: ARAF1), v-akt murine
thymoma viral oncogene homolog 2 (AKT2), v-jun sarcoma
virus 17 oncogene homolog (JUN), glioblastoma amplified
sequence (GBAS), tumor rejection antigen 1 (TRA1), tumor
protein D52-like 2 (TPD52L2), hypoxia up-regulated 1
(HYOU1), heparan sulfate proteoglycan 2 (HSPG2), pololike kinase (PLK), high-mobility group box 1(HMGB1), and
tumor protein, translationally-controlled 1 (TPT1). In
addition, nuclear proteins such as nucleolin, nucleolar protein
family A, member 1 (NOLA1), nucleoporin 153 ku (NUP153),
nucleoporin (Nup37), and lamin B receptor (LBR) were
also included. The up-regulation of nucleolar proteins was
compatible with the continuous enlargement of nucleoli in
adenoma and carcinomas.
In group 4, genes up-regulated in carcinoma but not in
adenoma, villin 2 (VIL2) and S100A4 were included. Villin
2 plays a key role in cell surface structure adhesion, migration,
and organization, and has been reported to be associated
with invasiveness of esophageal carcinoma[30]. S100A4 was
also up-regulated in MKN45 cells in comparison with
SNU484 cells, and was shown to associate with metastasis
and poor prognosis of stomach cancers and others[15]. Nucleolin
was also included in this group. Group 6 consisted of two
genes that were down regulated in carcinoma: progesterone
receptor membrane component 2 (PGRMC2) and acylcoenzyme A dehydrogenase, C-2 to C-3 short chain (ACADS).
Groups 7, 8, and 9 included down-regulated genes in
gastric cancers. Group 7 included mucin 5 subtypes A and
C, tracheobronchial/gastric (MUC5AC) and trefoil factor
1 (TFF1), and group 8 included fatty acid binding protein
1 (FABP1). TFF1 has been reported to be down-regulated
in most gastric cancers[31]. It should be noted that FABP1 is
one of the tamoxifen-target proteins, the block of which
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might be related to the anti-cancer effect [32]. Group 9 included
trefoil factor 2 (TFF2) which was down-regulated in gastric
cancer (GDDR). GDDR was reported to be a down-regulated
gene in stomach cancer[33] . It is a transmembrane protein
homologous to carbonic anhydrase-like CA11[34].
In conclusion, differential expressions between lesions
reflecting subtle histopathological changes may be detected
using microdissected cells from formalin-fixed tissues. The
sequential expression analysis at multiple points in a pathogenic
pathway facilitates the detection of biologically relevant genes
in the development and progression of diseases. The
protocol may be applied to the search for various diseaserelated genes using archival tissue samples.
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Abstract
AIM: Helicobacter pylori (H pylori) is associated with
increased gastric inflammatory and epithelial expression
of macrophage migration inhibitory factor (MIF) and
gastric epithelial cell proliferation. This study aimed at
determining whether H pylori directly stimulates release
of MIF in monocytes, whether the cag pathogenicity island
(PAI) is involved for this function, and whether MIF
stimulated by H pylori increases gastric epithelial cell
proliferation in vitro.
METHODS: A cytotoxic wild-type H pylori strain (TN2)
and its three isogenic mutants (TN2△cag, TN2△cagA
and TN2△cagE) were co-cultured with cells of a human
monocyte cell line, THP-1, for 24 h at different organism/
cell ratios. MIF in the supernatants was measured by an
ELISA. Cells of a human gastric cancer cell line, MKN45,
were then co-cultured with the supernatants, with and
without monoclonal anti-MIF antibody for 24 h. The cells
were further incubated for 12 h after addition of 3 Hthymidine, and the levels of incorporation of 3H-thymidine
were measured with a liquid scintillation counter.
RESULTS: The wild-type strain and the isogenic mutants,
TN2△cagA and TN2△cagE, increased MIF release at
organism/cell ratios of 200/1 and 400/1, but not at the
ratios of 50/1 and 100/1. However, the mutant TN2△cag
did not increase the release of MIF at any of the four ratios.
3
H-thymidine readings for MKN-45 cells were significantly
increased with supernatants derived from the wild-type
strain and the mutants TN2△cagA and TN2△cagE, but
not from the mutant TN2△cag. Moreover, in the presence
of monoclonal anti-MIF antibody, the stimulatory effects of

the wild-type strain on cell proliferation disappeared.
CONCLUSION: H pylori stimulates MIF release in
monocytes, likely through its cag PAI, but not related to
cagA or cagE . H pylori -stimulated monocyte culture
supernatant increases gastric cell proliferation, which is
blocked by anti-MIF antibody, suggesting that MIF plays
an important role in H pylori-induced gastric epithelial
cell proliferation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Migration inhibitory factor (MIF) plays a pivotal role in
inflammatory and immune diseases such as septic shock,
rheumatoid arthritis, atopic dermatitis, glomerulonephritis,
ulcerative colitis and alcoholic hepatitis[1-4]. In our previous
study, MIF was markedly up-regulated during acute gastric
ulceration in rats, which was associated with accumulation
of macrophages in gastric mucosa[5] . Blockade with the
neutralizing anti-MIF antibody inhibited macrophage
accumulation and MIF up-regulation, indicating an important
pathogenic role of MIF in gastric inflammation and
ulceration[5]. Recently, studies have indicated that MIF may
also play a critical role as a cytokine in the development of
cancers as a link between inflammation and tumorigenesis[1,6,7].
It has been reported that MIF is increasingly expressed in
cells of several tumors, including melanoma, neuroblastoma,
myelomonocytic leukemia, prostatic cancers of breast, colon,
lung, liver, stomach and esophagus, suggesting its
involvement in carcinogenesis[1,6-11], although the precise role
of MIF in tumor cells remains unclear. In addition, our
studies also demonstrated increased serum levels and gastric
epithelial expression of MIF in gastric cancer[12].
Helicobacter pylori (H pylori) is a bacterium that colonizes
the human stomach and causes gastric inflammation and peptic
ulcer disease. Moreover, epidemiological and experimental
evidence have proven that infection with H pylori, especially
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those with cagA gene (a marker of the cag pathogenicity island
(PAI)), plays an important role in gastric carcinogenesis[13-16].
We observed that H pylori infection increased MIF expression
in both gastric inflammatory and epithelial cells[17]; thus, we
hypothesize that H pylori infection may contribute to gastric
carcinogenesis, in part, through an MIF-mediated pathway.
Therefore, the aim of this study was to determine whether
H pylori directly stimulates release of MIF in monocytes,
whether the cag PAI is involved in this function, and whether
MIF stimulated by H pylori increases gastric epithelial cell
proliferation in vitro.

MATERIALS AND METHODS
H pylori strains and cell lines
H pylori strain (TN2) and its three isogenic mutants (TN2
△cag, TN2△cagA and TN2△cagE) were used in the study.
TN2, a strain positive for vacuolating cytotoxin and cag PAI,
shares an ancestral strain with TN2GF4, which was previously
reported to induce gastric cancer in Mongolian gerbils[16]. THP1 (American type culture collection, ATCC, Manassas, VA,
USA), a human monocyte cell line derived from acute
monocyte leukemia and widely applied for in vitro experiments,
was used for the determination of the effect of H pylori on
MIF release. MKN45 (The RIKEN Cell Bank, The Institute
of Physical and Chemical Research, Japan), a poorly
differentiated human gastric cancer cell line with wild type
p53, was used for the determination of the effect of H pyloristimulated MIF on gastric cell proliferation.
Culture of bacterial cells and preparation of whole cell proteins
The bacterial cells of the strain TN2 and its isogenic mutants
were cultured on blood agar plates in microaerophilic
conditions, and then subcultured in liquid medium for three
days, as previously described[18] . The liquid culture was
transferred into a 50-mL centrifuge tube, centrifuged at
10 000 g for 10 min at 4 ℃ and washed thrice with 10 mL
RPMI 1640. The pellet was suspended in 1 mL RPMI 1640,
and frozen at -20℃ and thawed thrice at 37 ℃. The cells
were then sonicated on ice at the maximum power for 12
cycles, with 20 s on and 10 s off in each cycle. The suspension
was centrifuged at 12 000 g for 15 min at 4 ℃, and the
supernatant was transferred into an Eppendorf tube, and
the whole cell protein content measured using the BCA Protein
Assay Kit (Gene Company Limited, Hong Kong, China). The
supernatant was kept at -70 ℃ until use.
Co-culture of THP-1 with whole cell proteins of H pylori or live
H pylori cells
THP-1 cells were cultured in RPMI 1640 medium (10%
fetal bovine serum, 100 U/mL penicillin, 100 g/mL
streptomycin and 2 g/mL NaHCO3) at 37 ℃ in a 50 mL/L
CO2 - 95 mL/L O2 incubator, collected by using trypsin
when they reached 80% confluence, and then adjusted to
the concentration of 1×10 5 cells/mL. The cells (100 L)
were added into wells of 24-well microtiter tray, and then
incubated at 37℃ for 12 h. The whole cell protein
preparations (diluted in RPMI 1640 medium with a final
concentration of 40 g/mL), live H pylori organisms (at
organism/cell ratios of 50/1, 100/1, 200/1 and 400/1) were
added to THP1 culture. Lipopolysaccharide (Sigma Chemical
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Co., St. Louis, MO), known to activate THP-1 cells and
stimulate MIF release[19,20], was used as a positive control,
and RPMI 1640 medium was used as a negative control. In
our pilot experiments, the concentration of 1 ng/mL was
found to be the lowest concentration that reached the
maximum stimulatory effect, and thus was used in the further
study. THP1 cells were further incubated for 24 h, and culture
supernatants were collected at 6, 12 and 24 h, and stored at
-20 ℃ after centrifugation until use.
Measurement of MIF proteins using enzyme-linked
immunosorbent assay
MIF in the supernatants was measured by an ELISA
according to the manufacturer’s instruction (R&D Systems,
Inc., Minneapolis, MN). Briefly, 100 L of capture antihuman MIF antibody (2 g/mL) in phosphate-buffered
saline (PBS, pH7.4) was transferred into each well of an
ELISA plate, blocked with 1% BSA. Hundred microliters of
each sample, or recombinant human MIF (R&D Systems,
Inc.) were added, in triplicate, into corresponding wells for
2 h at room temperature. Biotinylated anti-human MIF
antibody (0.2 g/mL, R&D Systems, Inc.) was added, and
incubated for 2 h at room temperature. After plates were
washed thrice, 100 L streptavidin-HRP (R&D System, Inc.)
at a dilution of 1 in 200 was added into each well. Following
further washing for four times, 100 L of 1:1 mixture of
reagents A (H2O2) and B (tetramethylbenzidine) was added.
Finally, the reaction was stopped by adding 50 L of H2SO4.
Absorbance was read using a microtiter plate reader
(NovaPathTM, BIO-RAD, Hercules, CA) set at 450 nm.
Proliferation of gastric epithelial cells
After MKN-45 cells were cultured in RPMI 1640 medium
at 37 ℃ for 24 h to reach a confluent monolayer, the aboveprepared THP1 culture supernatants were added with a
final concentration of 20% in the medium, with or without
monoclonal anti-MIF antibody (1 ng/mL, R&D System,
Inc.). RPMI 1640 medium was used as a negative control.
The cells were further incubated for 24 h, and then 3Hthymidine (50c) was added to the medium, and the
cells were incubated for additional 12 h. The levels of
incorporation of 3H-thymidine of the MKN-45 during the
last 12 h were determined in a liquid scintillation counter
(Beckman LS 6 500, Beckman Instruments, Inc., Fullerton,
CA) as counts per minute (cpm).
Statistical analysis
Data obtained from the study were expressed as the
mean±SD. Statistical analysis was performed using SPSS
software (version 10.0, SPSS Inc., Chicago, IL). Independent
samples t-test, or the Mann-Whitney U test, where
appropriate, was used to determine the differences in
numeric variables. P values calculated were two-tailed. The
alpha level of significance was set at P<0.05.

RESULTS
Effect of H pylori on the MIF expression
Secretion of MIF by THP-1 cells was significantly increased
by the whole cell proteins of the wild-type TN2 strain, cagA-
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deleted or cagE-deleted mutants in a time-dependent manner
(Figure 1). However, the whole cell proteins of PAI-deleted
mutants did not have the stimulatory effect on MIF secretion
(Figure 1). Similarly, co-culture of live organisms of the
wild-type strain, cagA-deleted or cagE-deleted mutants
significantly increased MIF secretion in a dose-dependent
manner (Figure 2). However, the PAI-deleted mutant had
no effect on MIF secretion (Figure 2).

preformed MIF protein is present in both resting macrophages
and monocytes, indicating that the macrophage is not only a
target, but also a source of MIF in vivo [2,21,23,24] . It is well
established that H pylori infection is associated with gastric
infiltration of acute and chronic inflammatory cells, including
microphages and monocytes. Previously, we applied a double
staining technique to simultaneously detect activated T cells
(CD45RO) and macrophages (KP-1) and observed increased
MIF expression in these cells in gastric mucosa[17]. In present
in vitro study, we clearly show that H pylori stimulated release
of MIF by monocytes, most likely through its cag PAI.
However, both cagA and cagE appeared not to play a role in
the stimulatory effect, since cagA- or cagE-deleted mutant
possess the similar stimulatory effect on MIF release to their
parent. MIF may play an important role in gastric inflammation
and injury. We hypothesize that colonization of H pylori in
the stomach directly stimulates the gastric epithelial cells to
release MIF, which then promotes local infiltration of
inflammatory cells including neutrophils, T- and Blymphocytes and macrophages, resulting in the production
of inducible nitrite oxide synthase (iNOS) and cytotoxic
cytokines such as TNF-, IFN-and ICAM-1 [1,5,19,25,26] .
Consequently, activated T-cells and macrophages per se
release a large amount of MIF. In the presence of chronic
H pylori infection, this cycle continues, which contributes to
more severe inflammation, and gastric injury such as gastric
erosion and ulcerations.

Effect of H pylori-stimulated MIF on gastric epithelial cell
proliferation
Proliferation of MKN-45 cells was significantly increased
by adding the supernatant of co-culture of THP-1 with
LPS or with the wild-type strain (Figure 3). The supernatant
of co-culture of THP-1 with the PAI-deleted mutant only
slightly increased cell proliferation (Figure 3). Interestingly,
addition of monoclonal anti-MIF antibody decreased cell
proliferation of the gastric cancer cells. Furthermore, the
stimulatory effect of LPS and the wild-type H pylori strain
on the cell proliferation was completely abolished by the
addition of the antibody (Figure 3).

DISCUSSION
The present study shows that either the whole cell proteins or
live organisms of the cytotoxic H pylori strain stimulate the
monocytes to release MIF. In addition, the cag PAI-deleted
mutant has little effect on the MIF release, suggesting the
essential role of PAI in the stimulation of MIF release.
Moreover, the supernatant of H pylori co-cultured monocytes
increases proliferation of gastric cancer cells and neutralizing
monoclonal anti-MIF antibody reduces cell proliferation,
indicating that MIF plays an important role in gastric cell
proliferation.
Studies have shown that MIF is a pro-inflammatory
cytokine and is constitutively expressed, stored in a preformed
manner in cytoplasm, and released into circulation upon
stimulation[21]. It has been reported that normal gastric epithelial
cells constitutively, albeit weakly, express MIF[5,17,22]. In our
previous study, we observed that MIF expression was
significantly increased in gastric epithelial cells in the presence
of H pylori infection[17]. More importantly, it is well known that

3H-thymidine reading (CPM)

Figure 1 Expression of MIF by THP1 after co-culture with LPS (1 ng/mL)
and whole cell proteins (40 g/mL) of wild-type cytotoxic H pylori
strain TN2 and its isogenic mutants, TN2△cag (PAI-), TN2△cagA
(cagA-) and TN2△cagE (cagE-). The bars represent the standard
deviations. b P<0.01, compared with the control.
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Recently, we demonstrated that MIF expression was
significantly increased in precancerous lesions and gastric
cancer, suggesting its role in gastric carcinogenesis[12]. MIF
could be involved in carcinogenesis, by promoting cell
proliferation, tumor angiogenesis and metastasis [1,8,26-30]. In
previous animal studies, it was observed that increased MIF
expression was associated with enhanced proliferation of
murine colon cancer cells in response to growth factors and
neutralizing anti-MIF-antibodies dramatically reduce the initial
outgrowth of 38C13 B cell lymphoma cells in mice[26,27]. MIF
has been identified as an angiogenic factor and neutralization
of MIF by anti-MIF antibodies inhibits endothelial cell growth
and leads to a reduced number of tumor capillaries[27,28].
Inhibition of angiogenesis by anti-MIF antibody treatment
has also been reported in a human melanoma model and in
murine colon carcinoma cells [8,26,29]. Both increased
proliferation of tumor cells and angiogenesis would inevitably
result in metastasis. In the present study, we observed that
supernatant of monocytes after co-culture with H pylori
increased proliferation of gastric cancer cells, and addition
of anti-MIF antibody blocked the increase in cell
proliferation, suggesting MIF stimulated by H pylori plays
an important role in gastric epithelial cell proliferation. How
MIF regulates cell proliferation is under intensive
investigation. Recent studies suggest that modulation of cell
proliferation by MIF could involve a complex regulatory
system, in which proteins p53, JAB/CSN5/p27 Kip1 and
ERK1/2, and possibly other signalosome proteins, may play
important roles[1,6,7,30,31].
Genetic analysis reveals that H pylori strains can be divided
into two types, by the presence or absence of a 40 kb of
foreign DNA, i.e., the cag PAI which consists of at least 18
open-reading frames such as cagA, cagE, etc.[32]. Over the past
decade, cagA, a 120-128 ku protein, has been identified as a
marker for the presence of cag PAI[33,34]. Upon contact with
gastric epithelial cells, cagA is translocated into gastric epithelial
cells, where cagA undergoes tyrosine phosphorylation and
recruits and activates Src homology phosphatase 2, thereby
inducing a growth-factor-like effect[34]. Recent studies have
indicated that cagE and several other genes of cag PAI code a
type IV secretion system, which is involved in the translocation
of cagA protein into the gastric epithelial cells[34-36]. Moreover,
isogenic mutant studies demonstrated that some cag PAI genes,
including cagE, are essential for interleukin-8 induction and
nuclear factor-B activation[32,34,37,38]. However, a recent study
found that the association between cagE genotype and IL-8
induction was weak and implied that gastric cell factors or
other bacterial factors are involved in the induction of IL-8[39].
In animal studies, it was observed that knocking out of cagE
gene deprived wild-type H pylori of the pathogenicity for
gastritis and gastric ulcer in Mongolian gerbils, suggesting
that this gene is responsible for various gastric lesions[40,41].
Day et al[42], reported that cagE is associated with H pyloriinduced duodenal ulceration in children in Canada.
However, studies in Japan and Taiwan showed that presence
of cagE appeared not to be related to the severity of gastric
mucosal inflammation and ulceration in patients with upper
gastroduodenal symptoms since almost all isolates were cagE
positive[43-45]. In the present study, we demonstrated that cag
PAI is essential for the stimulation of MIF secretion.
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However, neither cagA nor cagE is involved in the
stimulation, suggesting that genes other than cagA and cagE
in the cag PAI are responsible for this function.
In conclusion, H pylori stimulates MIF release in
monocytes, likely through its cag PAI, but not related to
cagA and cagE. H pylori-stimulated monocyte culture
supernatant increases gastric cell proliferation, which is
blocked by anti-MIF antibody, suggesting that MIF plays
an important role in H pylori-induced gastric epithelial cell
proliferation.
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400.46±48.89 nm/g, respectively, whereas the values of
BDL+melatonin group were 115.93±6.8, 0.74±0.02 µmol/g,
and 290.38±32.32 nm/g, respectively. Melatonin treatment
was associated with a significant recovery of MDA, GSH
and NOX levels.
CONCLUSION: We have concluded that oxidative stress
is associated with the pathogenesis of cholestatic liver
damage and NO contributes to oxidative damage. Melatonin,
even at low dose, is an efficient agent in reducing negative
parameters of cholestasis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate the role of oxidative injury and the
effect of exogenous melatonin administration on liver
damage induced by bile duct ligation (BDL), and second,
to evaluate the role of nitric oxide (NO), a free oxygen
radical, in oxidative injury.
METHODS: Thirty-two Sprague-Dawley rats were assigned
to four groups: sham operation (SO), BDL, BDL+melatonin,
and BDL+vehicle. Cholestasis was achieved by double
ligature of the common bile duct. Melatonin was injected
intraperitoneally 500 µg/(kg·d) for 8 d. Hepatic oxidative
stress markers were evaluated by changes in the amount
of lipid peroxides, measured as malondialdehyde (MDA),
and reduced GSH. Total nitrite (NOX) concentrations were
determined in hepatic homogenates. Histopathological
examination was performed using a histological scoring
system.
RESULTS: The histopathological changes including portal
inflammation, necrosis, apoptosis, focal inflammation
and fibrosis were severe in the BDL and BDL+vehicle
groups. There were numerous large areas of coagulation
necrosis. Histological Activity Index scores of these
groups were significantly higher than that of the SO
group. Treatment with melatonin reduced these alterations
significantly. The degree of necro-inflammation and
fibrosis showed significant difference between the BDL
and BDL+melatonin groups. BDL was accompanied by a
significant increase in MDA and NOX, and a significant
decrease in GSH levels. Mean±SE values of MDA, GSH and
NOX levels of SO group were 147.47±6.69, 0.88±0.33
µmol/g and 180.70±6.58 nm/g, respectively. The values
of BDL group were 200.14±21.30, 0.65±0.02 µmol/g, and
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INTRODUCTION
Cholestasis, extrahepatic or intrahepatic, is a common
pathophysiological process in many human diseases leading
to the accumulation of toxic bile salts within the liver[1-5]. It
seems likely that the detergent action of bile salts is responsible
for solubilization of plasma membranes and cell death, which
in turn may lead to oxidative stress, oxidation of reduced
glutathione (GSH), and lipid peroxidation[6]. There is growing
evidence suggesting that considerable impairment of oxidative
stress regulation may play an important role in cholestatic
liver injury[7-11]. Acute bile-duct obstruction is characterized
by increased lipid peroxidation and by marked decline in
reduced GSH, a major cellular antioxidant[12]. It is known that
bile-duct ligation (BDL) results in a shift in the oxidant/prooxidant
balance in favor of increased free radical activity[12,13]. Enhanced
production of reactive oxygen intermediates augments lipid
peroxidation by disturbing oxidant-antioxidant balance in
hepatic mitochondrial fraction. The damage pattern of free
radicals interfering with hepatocytes suggests peroxynitritemediated liver injury[14]. As a reactive-free radical, NO
mediates the cytotoxicity caused by activated neutrophils
and macrophages in the inflammatory response[15,16].
In attempting to limit the oxidative damage, a number
of antioxidants have been tested in experimental bile-duct
obstruction models[6,7,12]. It has been proposed that antioxidants,
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which maintain the concentration of reduced GSH, may
restore the cellular defense mechanism and block lipid
peroxidation[10]. Melatonin has been proved to have the
greatest impact not only on oxidative stress, but also on
systems of defense against free radicals, restoring the
oxidative balance in treated experimental animals[10,12].
Administration of melatonin at pharmacological doses has
been shown to decrease free radical formation and lead to
a substantial recovery of the major antioxidant enzymes,
thus limiting oxidative damage to the liver[12]. Recent evidences
have shown that melatonin has protective effects on hepatic
injury after extrahepatic BDL in rats[10,11,17].
The aims of this study were first to investigate the role
of oxidative injury and the effect of exogenous melatonin
administration on liver damage induced by BDL, and second,
to evaluate the role of NO in oxidative injury. Hepatic oxidative
stress markers were evaluated by changes in the amount of
lipid peroxides, measured as MDA and GSH. Since NO
measurement is difficult in biological specimens, tissue nitrite
(NO2) and nitrate (NO3) were estimated as an index of
NO production. Additionally, a detailed histopathological
examination using a histological scoring system was
performed. To our knowledge, there has been only one
study revealing histological results about the effects of
melatonin on experimental cholestatic liver injury in rats[17].
We suggest that NO contributes to oxidative stress and
melatonin is a possible protective agent in biliary cholestasis
and parenchymatous liver injury.

MATERIALS AND METHODS
Animals and experimental groups
Thirty-two adult male Sprague-Dawley rats weighing 250290 g were used. Animals were housed under continuous
observation in appropriate cages in a quiet temperature
(21±2 ℃) and humidity (60±5%)-controlled room in which
a 12-12 h light-dark cycle was maintained. They were allowed
free access to a commercial standard diet and water ad libitum.
Rats were randomly assigned to four groups each containing
eight rats as follows: sham operation (SO) (control), BDL,
BDL+melatonin and BDL+vehicle. Sham-operated rats
served as controls. Except in this group, biliary canals were
ligated. Rats were fasted for 12 h before the operation, but
were given water.
Animal experiments were performed in accordance with
the guidelines for animal research from the National Institute
of Health and were approved by the Committee of Animal
Research at Inonu University, Malatya, Turkey.
Surgery procedure
Each rat was weighed and anesthetized by intraperitoneal
administration of ketamin (70 mg/kg) and xylacaine (7 mg/kg).
The abdomen was shaved and disinfected with 10%
povidone iodine. Following a midline incision, the common
bile duct was exposed and a double ligature with 3/0 silk
was performed and the bile duct was sectioned between
the ligatures. Abdominal muscles were closed with 3/0 silk
and abdominal skin was closed with 2/0 silk. Sham surgery
was identical to the ligation procedure, including locating
and manipulating the common hepatic duct, except that the
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bile duct was not ligated or sectioned. Rats were maintained
on the retrospective preoperative diet after surgery. Melatonin
(Sigma Chemical Co., St. Louis, MO) 500 µg/(kg·d) was
dissolved in ethanol and further diluted in saline (0.9 mL/L
NaCl) to give final concentration of 1%. It was given
intraperitoneally at 10.00 a.m. daily, beginning 1 d before
the operation and continuing for seven successive days.
BDL+vehicle group received equal volume (1 mL) of
diluted ethanol in saline (0.9 mL/L NaCl). Rats were killed
on the 8th d after the surgery. After the macroscopic findings
were noted, the livers were promptly removed and were
processed for histological and biochemical examination.
The right lobe of the liver was divided into two pieces.
The first samples were placed in 40 g/L formaldehyde for
histopathological examination by light microscopy. The
second piece of liver tissues was washed thrice with cold
saline solution, placed into glass bottles, labeled, and stored
in a deep freeze (-85 ℃) for MDA, NO, and GSH analyses.
Histological examination
Liver tissues were fixed in 40 g/L formaldehyde and were
embedded in paraffin. For histopathological evaluation,
4-mm slides were stained with hematoxylin-eosin, Masson’s
trichrom, Periodic acid-Schiff (PAS), and Hall’s stain for
bile. Sections were scored by an independent observer
blinded to the experimental protocol. The following lesions
were scored according to Modified Histological Activity
Index (HAI): [18,19] portal inflammation, focal necrosis,
confluent necrosis, piecemeal necrosis, apoptosis, focal
inflammation and fibrosis. The number of biliary canals in
five portal sites for each section was also noted.
Biochemical determination
Tissues were homogenized in four volumes of ice-cold TrisHCl buffer (50 mmol/L, pH 7.4) using a homogenizer (IKAWerke Ultra-Turrax T25 basic homogenizer, Germany) after
cutting of the liver into small pieces. The malondialdehyde
(MDA), nitric oxide (NO) and reduced GSH content of
homogenates were determined spectrophotometrically.
Assessment of lipid peroxide formation Lipid peroxide
was determined calorimetrically in a sample of the liver
homogenates as thiobarbituric acid-reactive substances
(TBA-RS) according to the method of Uchiyama and
Mihara [20]. The absorbances of the formed colored product
at 520 and 535 nm were measured and the results were
expressed as the difference in absorbance at the two
wavelengths (A535-520). MDA are expressed as micromole
per gram wet hepatic tissue.
NO determination As NO measurement is very difficult
in biological specimens, tissue nitrite (NO2) plus nitrate (NO3)
concentrations were estimated as an index of NO production.
The method for tissue NO2 plus NO3 levels based on the
Griess reaction was used[21]. Samples were initially deproteinized
with Somogy reagent[22] . Total nitrite (NOX) (NO2+NO3)
was measured after conversion of nitrate to nitrite by
copperized cadmium granules by a spectrophotometer at
545 nm. Results are expressed as nanomole per gram wet
hepatic tissue.
Reduced glutathione determination Liver tissues were
deproteinated by the addition of trichloroacetic acid. DTNB
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[5,5’-dithiobis(2-nitrobenzoic acid)] was added to supernatants
cleared by centrifugation (10 min, 3 000 r/min). The formation
of 5-thio-2-nitrobenzoic acid, which is proportional to
total GSH concentration, was monitored at 412 nm at
25 ℃ against reagent controls [23] . The level of GSH was
determined from the standard curve with commercially
available GSH (Sigma Chemical Co.). GSH are expressed
as micromole per gram wet hepatic tissue.
Statistical analysis
The results were statistically analyzed by the Kruskal-Wallis
H test. The differences between groups were evaluated by
the Mann-Whitney U test followed by t test with Bonferroni
correction when indicated. P<0.05 was considered significant.
The results are expressed as the arithmetic mean±SE.

RESULTS
Survival and macroscopic findings
Twenty-four hours after operation, clinical condition of the
animals of all groups except those of the SO group worsened,
with decreasing activity, weight loss, yellowed ears and tails,
darkened urine and pale feces. All of the animals survived
until the end of the experiment. Jaundice was observed in
the visceral and parietal peritoneum of all animals except
those of the SO group. The livers were enlarged and the
bile ducts above the obstruction point were dilated. Animals
from the SO group showed no alteration after surgery and
were killed on d 8.
Microscopic findings
Animals from the SO group presented no histological
alterations. The liver specimens of the BDL and BDL+
melatonin groups showed various degrees of lobular and
portal changes. The degree of necro-inflammation (focal
necrosis, confluent necrosis, piecemeal necrosis, focal and
portal inflammation, and apoptosis) and fibrosis showed

Table 1 Scores for necro-inflammation (focal necrosis, confluent
necrosis, piecemeal necrosis, focal and portal inflammation, and
apoptosis) and fibrosis of groups using modified HIA grading system
(mean±SE)
Scores for necro-inflammation

Scores for fibrosis

SO
BDL

0.25±0.16
11.87±0.83a

0±0
1.37±0.18 a

BDL+vehicle

11.12±1.00a

1.35±0.20 a

c

0.75±0.25c

BDL+melatonin

6.87±0.63

1953

significant difference between the BDL and BDL+melatonin
groups (P<0.05). HAI scores of the groups are summarized
in Table 1. The number of bile ducts in five portal sites for
each section did not show significant differences among
the BDL, BDL+vehicle and BDL+melatonin groups. The
number of bile ducts is summarized in Table 2. In the BDL
and BDL+vehicle groups the histopathological changes
including necrosis, bile duct proliferation, fibrosis and
polymorphonuclear leukocyte (PNL) and lymphocyte
infiltration were prominent (Figure 1A). There were numerous
large areas of coagulation necrosis randomly distributed.
The Masson’s trichrom staining of liver tissue showed
fibrotic reaction that was usually accompanied with
inflammatory cells in the periphery of the majority of the
portal space areas (Figure 1B). Many mitotic figures and
apoptotic bodies were seen. There was a massive loss in the
amount of glycogen in hepatocytes (Figure 1C). Although
all of the liver sections were stained with Hall’s bilirubin
pigment staining technique, no bile pigment accumulation
was demonstrated neither in canaliculi nor in bile ducts.
In the BDL+melatonin group, histopathological
evidence of parenchymatous injury was markedly reduced
(Figure 1D). Relatively small, scattered necrotic hepatocyte
groups between normal-appearing parenchymal cells were
observed. Portal fibrosis was not evident (Figure 1E). Bile
duct proliferation (Figure 1E) and glycogen depletion were
still prominent. Apoptotic bodies and mitotic figures were
also observed.
Acute ligation of bile duct was accompanied by a significant
increase in MDA and NO, and a significant reduction in
GSH levels in hepatic homogenates. Melatonin administration
significantly decreased MDA and NO levels, whereas
significantly increased GSH levels (P<0.05). MDA, GSH
and NOX concentrations measured in hepatic tissue are
summarized in Table 3.
The histopathological analyses correlated with biochemical
data.

DISCUSSION
When a large bile duct is obstructed at any point in its course,
several microscopic changes follow[24]. The morphological
features of cholestasis depend on its severity, duration, and
underlying cause[1]. The ducts themselves dilate and are filled
with abundant bile [1,24]. Droplets of bile pigments can
accumulate within hepatocytes[1]. Within a few days of the
onset of obstruction, alterations are found in the portal
tracts. The portal tracts become swollen as a result of edema

SO: sham operation; BDL: bile duct ligation; HAI: Histological Activity Index.
a
P<0.05 vs SO. cP<0.05 vs BDL, BDL+vehicle.

Table 3 MDA, GSH and NOX concentrations measured in hepatic
tissue
Table 2 Number of biliary canals in five portal sites for each specimen (mean±SE)
Number of biliary canals
SO

9.37±0.49

BDL

40.37±2.50a

BDL+vehicle
BDL+melatonin

39.50±2.67a
39.87±2.01a

SO: sham operation; BDL: bile duct ligation. aP<0.05 vs SO.

MDA
(µmol/g tissue)

GSH
(µmol/g tissue)

NOX
(nmol/g tissue)

SO

147.47±6.69

0.88±0.03

180.70±6.58

BDL

200.14±21.30a

0.65±0.02a

400.46±48.89a

BDL+vehicle
BDL+melatonin

211.12±19.98
115.93±6.80c

0.63±0.04a
0.74±0.02 e

411.66±77.32
290.38±32.32e

SO: sham operation; BDL: bile duct ligation; MDA: malondialdehyde; GSH:
reduced glutathione; NOX: NO2 (nitrite)+NO3 (nitrate). aP <0.05 vs SO. c P<0.05
vs BDL, BDL+vehicle. eP<0.05 vs BDL.
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Figure 1 A: BDL group. Portal fibrosis (f) with bile duct proliferation (thick arrows) and cell infiltration (arrows), and a large area of
coagulation necrosis (n) are observed. H-E, ×10; B: BDL group. Portal fibrosis (f) with bile duct proliferation (arrows) and cell infiltration is
observed. Portal vein (p) is highly enlarged. Masson’s trichrom, ×20; C:BDL group. A massive loss in the amount of glycogen in hepatocytes
is seen. There are a mitotic figure (arrow) and an apoptotic body (double arrow) in the parenchyma. PAS, ×40; D: BDL+melatonin group.
Section is normal in histological appearance. Hepatocytes arranged as cords of cells radiating from central vein (c) are observed. H-E, ×40;
E: BDL+melatonin group. Portal fibrosis is not evident. Bile duct proliferation is obvious (arrows). A small area of necrosis (n) is present
between proliferated ducts. Masson’s trichrom, ×20.

of the connective tissue and infiltration by PNL, a classical
acute inflammatory reaction attributed to the action of toxic
bile salts reabsorbed from the bile by small bile ducts[2,24].
The bile stasis and backpressure due to obstruction induce
proliferation of the duct epithelial cells and looping and
reduplication of ducts, termed ‘bile duct proliferation’[1]. If
the obstruction is not relieved, increasing fibrosis around ducts
and extending between adjacent portal tracts develops[1,2,24].
Biliary obstruction leads to the death of hepatocytes due to
bile accumulation[2,4]. Hepatic injury and cell death leads
ultimately to liver fibrosis, cirrhosis, and cancer[2].
In the present study, bile duct proliferation in all
groups compared to the controls was a result of the biliary
obstruction. The number of bile ducts in five portal sites
for each section did not show significant differences
among the BDL, BDL+vehicle and BDL+melatonin groups
(P>0.05) since obstruction was not relieved. Abdel-Aziz
et al [25], observed extensive bile duct proliferation and
formation of periportal fibrosis, with only slight inflammation
and necrosis in their experimental model of extrahepatic
cholestasis in rats. We have observed many histopathological
features of cholestasis such as focal necrosis, confluent
necrosis, piecemeal necrosis, focal and portal inflammation,
bile duct proliferation and fibrosis in our experimental model.
HAI scores of the BDL and BDL+vehicle groups were
significantly higher than that of the SO group. Moreover,
the obstructive jaundice was demonstrated by the coloration
of the skin, peritoneum, and urine, and the dilatation of
the common bile duct above the obstruction point. On the
other hand, although bilirubin is one of the easiest pigments
to be identified in standard HE sections, we could not

observe it either in canaliculi or in bile ducts even though
we used Hall’s stain for bile salts. Bile pigment accumulation
within hepatocytes, canaliculi or bile ducts has been supposed
to be one of the characteristic features of cholestasis[1]. As
far as we know, in rodents the absence of bile salts after
BDL has already been reported twice before in the studies
of Prado et al [4], and Trauner and Boyer[26]. It is probably
due to the induction of alternative detoxification and elimination
pathways, which is very pronounced in rodents[26]. We think
that bile salt accumulation may not accompany the other
characteristic features of cholestasis in rodents.
Cell degeneration and death in cholestasis have been
reported to be related to retention of toxic bile salts[2,4,6]. It
seems that the detergent action of bile salts is responsible
for solubilization of plasma membranes and cell death, which
in turn may lead to oxidative stress[6]. It is shown that the
acute infusion of toxic bile salts responsible for cholestasis
induces zone 1 hepatocellular necrosis[5]. Padillo et al[27], have
observed marked necrosis and apoptosis induced by
cholestasis. In the present study, we observed numerous
areas of coagulation necrosis and many apoptotic bodies in
the BDL and BDL+vehicle groups. However, since we have
not been able to identify accumulation of bile salts within
parenchyma, we are suspicious about the direct, inducing
role of the bile salts on the hepatocellular injury after BDL
although, we cannot fully exclude the role of these products.
A possible explanation is that an oxidative stress initiated by
bile salts would make hepatocytes more susceptible to the
toxic effects of small amount of bile salts, of which great
amounts have been detoxified, that would not ordinarily
injure the hepatic cells.
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We observed many mitotic figures both in hepatocytes
and in ductular epithelial cells. Mitosis and fibrosis within
the parenchyma are the signs of wound repair. Increased
cell proliferation and increased secretion of collagen and
the other matrix proteins are important compensatory
mechanisms for the repair of the injured tissues[28]. Mitosis
in the ductular epithelium is the evidence of bile duct
proliferation. The bile stasis and backpressure induce
proliferation of the duct epithelial cells[1]. Bülbüller et al[17]
observed mitotic figures in parenchyma and proliferation
of biliary canals 7 d after experimental biliary canal
obstruction. After bile-duct obstruction, the deposition of
connective tissue elements and formation of ductular
proliferates rapidly set in[29]. In our study, fibrous expansion
of most portal areas was observed but portal to portal
bridging was not present. So, HAI score for fibrosis was
relatively low.
In obstructive jaundice, glucose metabolism undergo
changes, the most common being the development of
glucose intolerance[17,30] . Recent studies have reported a
decrease in serum glucose values[17] and hepatic glycogen
content[31,32] . We have observed nearly a total loss in the
amount of glycogen in hepatocytes. Loss of appetite,
reduction of oral food intake, reduced glycogen synthesis,
possibly related to endotoxinemia, may probably be the
causes of decrease in the hepatic glycogen content[17,29,32].
Many studies have reported that there is a correlation
between the intensity of biliary tract obstruction and
increased free radical generation, as well as a direct correlation
between the level of oxidative stress and the biochemical
markers of liver injury[6-11,14]. It has been well established
that deleterious accumulation of lipid peroxides is correlated
with marked impairment of soluble antioxidant defense
mechanisms and cell necrosis[5,9,14,33]. Acute BDL is associated
with an increase in MDA levels and a decrease in GSH
levels both in plasma and in tissue[9,10,17,34-37]. Cruz et al [37] ,
have reported an increase in MDA and a decrease in GSH
levels in renal tissue after biliary obstruction. As observed
in previous studies, biliary tract obstruction was accompanied
by increased levels of lipid peroxidation and by the depletion
of GSH, a ubiquitous antioxidant, in hepatic tissue in our
study. On the other hand, there is increasing evidence that
the enhanced production of reactive oxygen intermediates
augments lipid peroxidation by disturbing the oxidantantioxidant balance in hepatocytes. Since the levels of NOX
in the liver were significantly higher in the BDL and
BDL+vehicle groups than in the SO group (P<0.05), we
suggest that NO, probably via its derivative peroxynitrite,
may contribute to oxidative damage. Engin et al[14], reported
a significant increase in plasma NO 2, NO 3 and NO X
concentrations in inbred albino guinea pigs 24 h after
common BDL.
A number of antioxidants have been tested in experimental
bile-duct obstruction models in the attempt to limit the
oxidative damage [7,12]. Administration of melatonin at
pharmacological doses has been shown to decrease free
radical formation and lead to a substantial recovery of the
major antioxidant enzymes, thus limiting oxidative damage
to the liver[10-12,17]. It is shown that melatonin administration
reduces histopathological signs of liver injury such as focal
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necrosis and apoptosis[17,27]. There are a few studies about
the protective effect of low dose of melatonin against
oxidative stress[27,37]. In the present study, histopathological
evidence of parenchymatous injury was significantly
reduced in the BDL+melatonin group (P<0.05). Portal
fibrosis was not evident in this group. Additionally, melatonin
administration prevented the GSH decrease and reduced
significantly lipid peroxidation products. Montilla et al [10] ,
reported significant differences in tissue and plasma MDA
and GSH levels between non-treated and low dose of
melatonin-treated rats. Lower levels of hepatic NOX in the
BDL+melatonin group than in the BDL group (P<0.05)
may support the role of melatonin on reducing free radical
generation.
As a conclusion, the present study confirms the association
between hepatic injury and increased oxidative stress,
possibly mediated by NO. We have proved that even low
dose of melatonin is efficient reducing the negative
parameters of cholestasis, the degree of oxidative stress,
and provided a significant hepatoprotective effect against
liver injury secondary to ligation of biliary duct. Finally, we
suggest that further studies comparing higher doses of
melatonin should be performed in order to determine if
the effect of melatonin is dose-dependent.
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Abstract
AIM: We used isolated hepatocytes to investigate how
different concentrations of ATP in the University of
Wisconsin (UW) solution affected both cellular ATP content
and cell viability during the cold storage and the rewarming
step. The mechanism involved in ATP transport and
accumulation in hypothermia was also determined.
METHODS: The cells were preserved up to 72 h in
different conditions: UW solution without ATP (a-group),
UW+5 mmol/L ATP (b-group), and UW+10 mmol/L ATP
(c-group). The ATP content and the cell viability (LDH
release) were determined during the cold storage and the
rewarming step. In the groups a and c, the respiratory
function of the cells at rewarming was studied. In addition,
the cell volume of hepatocytes and the mechanism involved
in ATP transport and accumulation were assessed. The
extracellular degradation of exogenous nucleotides during
transport experiments was investigated by a HPLC technique.
RESULTS: After three days of cold storage a loss of cellular
ATP content was observed in hepatocytes preserved
either without nucleotides (a-group) or with 5 mmol/L
ATP (b-group). In contrast, 10 mmol/L ATP (c-group) was
able to maintain a normal ATP cellular content, with only a
6% diminution after 72 h of cold storage. The respiratory
function was significantly different in hepatocytes preserved
with 10 mmol/L ATP than without ATP. No significant change
was detected for the three groups in cellular volume during
the cold storage. We also report that the time course
accumulation of [3H]-ATP by cold stored hepatocytes is a
rapid process that is completed after 180 s with linear
dependence on the extracellular ATP concentration (linear
fitting results in a slope of 0.5624±0.1179 mmol/L ATP
intracell/mmol/L ATP extracell).

CONCLUSION: Our results show that, during hypothermic
storage in UW solution, hepatocytes are permeable to
ATP by a diffusive mechanism. Also, we found that it is
ATP the main extracellular nucleotide available for
transport and it is not the breakdown products.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hypothermic preservation of organs in the University of
Wisconsin (UW) solution is a widespread and well-accepted
method of maintaining organs and isolated cells[1,2]. During
the preservation process at low temperature (0℃), there is
depletion of metabolites and of a time-dependent injury, which
sensitizes cells to different forms of metabolic impairment,
playing a negative role during transplantation[3]. We have used
hepatocyte suspensions as the experimental model to study
the effects of hypothermic storage in UW solution on liver
cell metabolism and cell membrane properties[4]; also, for
their possible application in cell transplantation and/or in
bioartificial liver devices.
During the cold storage of entire organ or hepatocytes,
there is a loss of adenine nucleotides that are hydrolyzed to
adenosine, inosine, xanthine and hypoxanthine [5]. The
mechanism of ischemic injury involves the loss of
mitochondrial respiration resulting in ATP depletion and
impairment of energy-dependent metabolic pathways and
transport processes[6]. A number of experimental and clinical
studies have shown the importance of the availability of
energy substrates on liver viability, and a correlation between
ATP synthesis of the preserved liver and survival after
transplantation has been demonstrated[7]. Thus, it would be
beneficial to develop new strategies directed to maintain
the hepatocyte ATP level during cold storage and rewarming.
Recently, Neveux et al [8], demonstrated that liposomally
entrapped ATP su pplied du ring the hypother mic
preservation represents an effective means to improve liver
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graft energy state and function. Tan et al [9] have reported
the protective effect of exogenous ATP using a continuously
hypothermic machine perfusion model. Experiments
performed at physiological temperature showed that ATP
can enter the cells without hydrolysis[10,11], in contrast with
the general consensus that adenosine rather than ATP crosses
the cell membrane. Based on this evidence, it was concluded
that the release and uptake of ATP is a physiological process
also present in tissues such as liver and kidney.
More recently, two studies[12,13] have reported the effect
of temperature on the hepatic uptake of different solutes
(histidine, carnosine, mannitol, raffinose, glutathione and
adenosine) from the preservation solution used during the
cold storage. We have previously demonstrated on a cellular
model that the incorporation of ATP to the UW solution is
more effective than adenosine to increase both the ATP
content and the rate of glutathione synthesis during the
rewarming step[14]. Since the mechanism involved in such
experiment was not investigated, the aim of the present
study was to (1) determine the mechanism involved in ATP
transport and accumulation in isolated rat hepatocytes during
cold preservation under different conditions, and (2) evaluate
the impact of the different preservation conditions on cell
function during the rewarming process. Understanding the
mechanism involved in this process may be extremely useful
in the development of new methodologies to improve cell
preservation.

MATERIALS AND METHODS
Drugs and chemicals
Raffinose, lactobionic acid, streptomycin, penicillin G, and
glutathione were from ICN Biochemicals, other chemicals
compounds were from Sigma-Aldrich. 3H2O (Spec. act: 1
mCi/g) and [carboxyl-14C] inulin (Spec. act: 2.6 mCi/g) were
obtained from New England Nuclear and [2,5',8- 3H]
adenosine 5'-triphosphate, ammonium salt (80.4 mCi/mg)
from Amersham Pharmacia Biotech, England.
Animals
Male Wistar rats weighing 250-300 g were used in all
experiments. Rats were allowed access to 5800 Formula
Diet (LabDiet, USA) and water ad libitum freely, prior to
the experiment and received care in compliance with
international regulations. The National Council Committee
approved animal protocols.
Hepatocyte isolation
The animals were anesthetized with an intraperitoneal
injection of sodium thiopental (70 mg/kg). Hepatocytes
were isolated by collagenase perfusion using the procedure
described by Seglen[15] and modified by us[16]. The cell viability
was tested by the exclusion of 0.4% Trypan blue stain (TBE)
in phosphate-buffered saline. Over 500 million cells were
obtained per liver and preparations with a TBE larger than
90% were considered suitable for the experiments.
Hepatocyte preservation
Isolated hepatocytes were rinsed twice and resuspended in
freshly prepared cold (0 ℃) UW solution. The composition
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of the modified UW solution[4] was as follows: 100 mmol/L
lactobionic acid, 25 mmol/L KH2PO4, 5 mmol/L MgSO4,
30 mmol/L raffinose, 3 mmol/L GSH, 1 mmol/L
allopurinol, 5% polyethylene glycol (MW: 8 000), 15 mmol/L
glycine, 0.25 mg/mL streptomycin and 10 UI/mL penicillin
G; pH 7.40. The solution was bubbled with 100% N2 for
15 min at 0 ℃ before use. Hepatocytes (75×10 6 cells in
30 mL UW solution) were allowed to settle to the bottom of
the 50-mL screw cup polycarbonate tubes and left undisturbed
at 0 ℃ up to 72 h. One of the stored suspensions was
removed daily, and used to estimate the time course changes
of the viability assessed by the lactate dehydrogenase (LDH)
release and morphological aspects.
Hepatocyte rewarming
After 72 h of cold storage, the hepatocytes were washed
twice with a rinse solution developed in our laboratory[16]
and sedimented (50 g, 3 min) in warm Krebs-Henseleit
resuspension (KHR) media. The KHR composition was
114 mmol/L NaCl, 25 mmol/L NaHCO3, 4.8 mmol/L
KCl, 1.5 mmol/L CaCl2, 10 mmol/L hepes, 5 mmol/L
fructose, 5 mmol/L glucose, 1 mmol/L allopurinol, 3 mmol/L
glycine and 1% BSA; pH 7.20. The hepatocytes were
subsequently incubated (120 min, 37 ℃, 2-3×106 cells/mL)
in KHR media under carbogen atmosphere in a Dubnoff
metabolic shaker.
Experimental procedures
There were two parts of the study:
Part I The purpose of part I was to evaluate the effects of
ATP addition in the UW solution on the ATP content and
viability of isolated hepatocytes. The cells were preserved
up to 72 h in different conditions: UW solution without ATP
(a-group), UW+5 mmol/L ATP (b-group), and UW+10
mmol/L ATP (c-group). We determined the ATP content
and the viability of the cells during the cold storage and
during the rewarming step (LDH release). Also, for the
groups a and c, we studied the respiratory function of the
cells after 72 h of cold storage.
Part II The purpose of the part II of the study was to
determine the mechanism involved in ATP transport and
accumulation in isolated hepatocytes during cold
preservation. To perform this, the following experiments
were realized.
Measurement of ATP transport in hypothermia
Freshly isolated hepatocytes were resuspended in UW solution
(transport medium). The transport of ATP was carried out
at 0 ℃ by addition of transport medium containing a constant
concentration of [3H] ATP (3.13 Ci/mL) and variable
concentrations of unlabelled ATP (to obtain a final
concentration of 0.5, 1.0, 2.5, 5.0 and 10.0 mmol/L) to 1 mL
of cell suspension. Cells (2.5×106 cells/mL) were maintained
at 0 ℃ and transport was initiated by addition of 100 L of
transport medium. After incubation (10 min - 0 ℃), the cell
suspension was centrifuged (13 000 g - 30 s), the cell-free
supernatant was poured off and the residual medium was
carefully removed from the pellet by aspiration with an 18 G
needle connected to a vacuum pump. Radioactivity in the
cell pellet and supernatant was determined by dissolving both

Mamprin ME et al. ATP transport in cold preserved hepatocytes

in liquid scintillation cocktail (Optiphase Hisafe 3, Wallac,
Finland) and counted in an LKB Wallac liquid scintillation
system. ATP transport was measured in triplicate for each
determination. Non-specific binding of label to the cells
was determined as follows: 1 mL of hepatocyte suspension
in UW was incubated at 0 ℃ with 100 L of transport
medium. After 10 min the cells were centrifuged, the
supernatant was discarded and the cellular pellet lysate with
1 mL of distillate water was vigorously stirred, centrifuged
and the supernatant was discarded (this procedure was
repeated three times). Then, the resultant pellet was dissolved
in liquid scintillation medium and counted as above.
Time course of ATP accumulation in hypothermia
The time course of ATP accumulation into hepatocytes
was determined in transport medium. Extracellular ATP
concentration of 10 mmol/L was chosen because it was
more effective than other concentrations to enhance cellular
ATP content (see below) without any loss in cell viability.
One milliliter of hepatocyte suspension (2.5×106 cells/mL)
was incubated 15, 30, 45, 60, 90, 180, 300, 600 and 1 200 s
with 100 L of the transport medium containing [3H] ATP
(4.1 Ci/mL) and 10 mmol/L ATP. After incubation at
0 ℃ for the required time, uptake was terminated by rapid
centrifugation (13 000 g - 30 s). Pellet and supernatant were
immediately separated and the pelleted hepatocytes were
dissolved in liquid scintillation cocktail and the radioactivity
counted as above.
Concentration of extracellular nucleotides during transport
experiments
We analyzed the medium in which the cells were cold stored
to investigate the occurrence of extracellular degradation
of exogenous ATP during transport experiments and the
time course of ATP accumulation in hypothermia. The
cells were incubated in different conditions: UW solution
without ATP (a-group), UW+10 mmol/L ATP (b-group)
and a third group used as control (d-group) where the UW
solution+10 mmol/L ATP were cold preserved without cells.
Then, we determined the extracellular concentration of highenergy nucleotides ATP, ADP and AMP after 3 and 60 min
of cold storage.
Nucleotides HPLC assay
The concentration of ATP, ADP and AMP in UW solution
was determined by an HPLC technique. Briefly, the samples
were centrifuged at 12 000 g, 3 min and the supernatant
fractions were filtered through a 0.2 mol/L PES filter
(Nalge, cat. 0001801320). A 100 L aliquot of the filtered
supernatant was injected into an HPLC system (loop
20 L), consisting of a Gilson 307 pump, a guard column
(Phenomenex - AJO 4287), a Nucleosil 5  ODS (C18)
column (250 mm×3.2 mm) (Phenomenex - 00G-0323-R0)
and a Gilson 151 UV-VIS detector set at 254 nm. The samples
were eluted with a mobile phase of 13% acetonitrile: 87%
buffer (0.09 mol/L potassium phosphate, 5.0 mmol/L
tetrabutyl ammonium hydrogen sulfate) (v/v), pH 6.00 at
a flow rate of 0.5 mL/min, resulting in a typical retention
time of 4.74±0.02 min for AMP, of 6.73±0.06 min for
ADP and of 10.60±0.33 min for ATP, n = 10. The peaks
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were identified and quantified using standards (ICN,
Biochemicals, USA). The data were analyzed and processed
using the 712 HPLC Control Software package from Gilson
(Villiers - Le - Bel, France).
Determination of cellular volume
Total water content was expressed as L H2O/106 cell and
performed in quadruplicated for each experiment to
produce a mean value. Ten microliters of hepatocyte
suspension (2.5×10 6 cells/mL) in UW solution were
incubated with 3H2O (1 Ci/mL) and [carboxyl-14C] inulin
(0.5 Ci/mL) plus 0.2 mg/mL inulin for 20 min at 0 ℃.
The total water content was calculated for the following
experimental groups: UW solution without ATP and UW
added with 0.5, 1.0, 2.5, 5.0 and 10.0 mmol/L ATP. For each
group, cells were separated from medium by centrifugation
(13 000 g - 30 s). After separation, samples of sedimented
cells and medium were dissolved in liquid scintillation cocktail
and the radioactivity counted. Intracellular water space was
calculated from total cell water subtracting the trapped
extracellular fluid (14C-inulin space) as previously described[17].
Hepatocyte viability and function measurement
LDH release The activity of LDH in cell suspension
(total activity) and in supernatant (extracellular LDH) was
determined as described previously[4]. Results were expressed
as the percentage of total enzyme activity in the extracellular
medium.
ATP assay Hepatocytes (2.5×106 cells/mL) were separated
from the incubation medium by centrifugation (13 000 g - 30 s)
and the cell pellet was deproteinized by the addition of 500
µL of cold 3% HClO4. After centrifugation, the proteinfree supernatant was neutralized with K2CO3 and cell ATP
contents were measured using the luciferase–luciferin assay
as described by the manufacturer of the commercial assay
kit (Sigma, FL-AA). The level of photoluminescence was
quantified using a LKB Wallac Luminometer. ATP
quantification was determined by comparison to a standard
ATP curve.
Respiratory function of cold stored hepatocytes Freshly
hepatocytes (controls) and cold stored cells in UW solution
without ATP (a-group) and with 10 mmol/L ATP (c-group)
were incubated in KHR medium at 37 ℃ in a Dubnoff
metabolic bath under carbogen atmosphere with continuous
shaking for 120 min. Mitochondria function was then
assessed measuring respiratory activity of the cells. Values
were calculated per 10 6 cells in the sample. At different
intervals (0, 60 and 120 min) aliquots of cell suspensions
containing 2×106 cells were centrifuged and resuspended in
100 L of respiration medium and added to a thermostatized
oxygen electrode chamber containing 1.9 mL of respiration
medium (Krebs-Henseleit media (KH), pH 7.40, containing
hepes 10 mmol/L, pyruvate 2 mmol/L, (without NaHCO3)
at 36 ℃. The oxygen content of respiration medium
equilibrated with air was determined using the method of
Robinson[18] and was 0.524±0.024, n = 10 mmol/mL at
36 ℃. Oxygen consumption was measured using a Clarktype oxygen electrode (YSI 5300, Yellow Spring, OH, USA)
under the following conditions[19,20]:
(1) Basal respiration or endogenous respiration (Vend): rate
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of oxygen consumption in the incubation medium. A linear
rate of oxygen consumption was obtained in about 2 min,
after which the rate of oxygen uptake was recorded and
calculated over a 2-min period.
(2) Succinate-stimulated respiration (Vsucc): This substrate
slowly crosses the plasma membrane of normal hepatocytes
and causes little stimulation of the endogenous respiration
rate. However, in cells with compromised membrane integrity,
succinate may more easily pass into the cells[19] and produce
a marked stimulation of respiration greater than twofold, as
shown in chemically permeabilized cells [21]. After the
determination of basal respiration, succinate (10 L) was
added to the chamber (2 mmol/L final concentration) and
the rate was recorded over 2 min. The total measurement
time including the succinate test was 6 min. Oxygen
consumption measurements were made on at least three
independent samples for each experimental condition.
Statistical analysis
Results are presented as mean±SD and the number of
preparations analyzed was three or more, as indicated in
each figure. The statistical significance of the differences
between values was assessed by one-way or multifactor
analysis of variance followed by Scheffe’s multiple range
test, as it was convenient. A P<0.05 was considered to be
statistically significant (Statgraphics, Statistical Graphics
System, USA).

RESULTS
Cellular ATP content and cell viability during cold storage in
UW solution and after rewarming
Figure 1A shows the ATP content of preserved hepatocytes
from groups (a), (b) and (c) at time 0 and after 72 h of
preser vation. All groups showed a similar value of
ATP content at time zero. After 72 h of cold storage a
significantly (P<0.05) higher ATP cell content was found
in cells preserved in the presence of 10 mmol/L ATP
(c-group) (22.11±1.83 nmoL ATP/106 cells), than in cells
from a-group (11.52±3.12) and b-group (15.12±1.45)
(n = 6 preparations).
To exclude the possibility that the higher concentration
of ATP seen in the c-group was artifactual due to ATP
trapped in the extracellular media of sedimented hepatocytes,
we prepared experiments in which the extracellular water
was determined (0.13±0.04 L H 2O/10 6 cells) (n = 6
preparations). The volume of extracellular water containing
10 mmol/L ATP would increase the cellular ATP content
by 1.30 nmoL ATP/106 cells, a value at least 10 times lower
than that was found.
Figure 1B shows the ATP content in freshly isolated and
in cold stored hepatocytes from groups (a), (b) and (c) 0 and
at 120 min after rewarming. At time 0, controls and c-group
showed a similar value of ATP content 19.64±2.44 nmoL
ATP/106 cells (n = 5) and 21.65±1.93 nmoL ATP/106 cells
(n = 4) respectively. In cells from group (a) and (b), the
ATP content was significantly decreased by the cold
storage to 42.3±3.8% and 27.1±3.9% of controls respectively
(n = 4). After 120 min of rewarming a significantly
(P<0.05) higher ATP cell content was found in c-group
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(15.12±1.73 nmoL ATP/106 cells) than both in cells from
a-group (6.98±2.34) and b-group (7.84±0.95) (n = 4). The
ATP content in group (c) was similar to that observed in
freshly isolated hepatocytes (16.55±1.55) (n = 4).
Viability of suspensions of hepatocytes stored in
different modified UW solutions was assessed by LDH
release. Seventy-two hours after preservation, no statistical
difference was found among groups a, b and c. LDH release
was calculated as a mean between these three preserved
groups at each time. At the start of the experiments (time
= 0), the LDH release was 0.31±0.17% (n = 12) of total
cellular activity. Hepatocyte viability was well maintained
during cold storage of cell suspensions for up to 72 h (LDH
released at 72 h: 3.13±0.25%) (n = 9). Preliminary
experiments indicated that on the basis of cellular LDH
release (14) 72 h of cold storage is the time limit in cold
preservation. On the other hand, in our first investigations
we preserved hepatocytes in UW with 15 mmol/L ATP. In
this case the cells show a dramatic decrease in the viability
and in the ATP content after 72 h of cold storage. The
LDH release at 72 h was 6.55±0.43%, and the ATP content
was 6.44±1.92 nmoL ATP/106 cells (n = 4). These values
were statistically different in comparison to the other
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Figure 1 A: Effect of the addition of ATP to the UW solution on
intracellular ATP content in hepatocytes. Cells were cold stored
(0 °C) up to 72 h in UW solution containing ATP: 5 mmol/L (b-group),
10 mmol/L (c-group) and without ATP (a-group). ATP was determined
at time 0 and 72 h. Data are given as the mean±SD for hepatocytes
prepared from three rats for each group. The asterisk indicates that
after 72 h of cold storage, the ATP content of hepatocytes from groups
a and b is statistically different from c-group at aP<0.05; B: ATP content of freshly isolated and cold-stored hepatocytes during rewarming.
Cells from a-, b- and c-groups were cold preserved (0 °C, 72 h); they
were later resuspended and incubated at 37 °C for 120 min in KHR.
ATP was determined at time 0 and 120 min. Data are expressed as
the mean±SD for three separate preparations. At time 0, the asterisk
indicated that groups a and b are different from groups c and controls
(aP<0.05); at 120 min, the asterisk indicated that groups a and b are
different from groups c and controls (a P<0.05).
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groups (P<0.05). The cell damage observed at high ATP
concentration suggests the triggering of some mechanism
that dramatically affects both ATP and cell viability. Some
reports[22,23] have shown that extracellular ATP can induce
cell death (apoptosis and necrosis) in isolated hepatocytes.
The mechanism of cell death in our experimental
conditions (UW+15 mmol/L ATP, 0 ℃) was not studied
in this work and in view of this “toxic effects” the following
experiments were done with a maximal concentration of
ATP of 10 mmol/L.
The LDH release was also used to assess hepatocyte injury
during rewarming studies. After 120 min of rewarming, the
LDH release (%) was significantly lower (P<0.05) for cells
from c-group (13.11±1.62) in comparison with cells from agroup (19.87±1.96) and from b-group (n = 3). No differences
in LDH release between the cells preserved with 10 mmol/L
ATP and freshly isolated hepatocytes (12.16±1.39) (n = 3)
were observed.
Endogenous respiration
Table 1 shows the indices of the respiration activity in freshly
isolated hepatocytes (controls) and hepatocytes after cold
storage in UW solution (a-group) or in UW with 10 mmol/L
ATP (c-group) with subsequent normothermic incubation
for 120 min.
Freshly isolated hepatocytes showed a high level of Vend
(33±6 nmoL O2/min/10 6 cells) and Vsucc (49±10 nmol
O2/min/106 cells) (n = 3). Values which were maintained during
a period of 60 min of normothermic incubation only slightly
reduced after 120 min. The Vsucc/Vend ratio at time 0 of
incubation was 1.48±0.1 (n = 3) and statistically increased
over a period of 120 min of normothermic incubation, in
line with previous reports[19]. Table 1 shows that cold storage
of hepatocytes resulted in a significant decrease in Vend and
an increase (P<0.05) in Vsucc/Vend ratio after 60 and 120 min
of rewarming. Although we found significant differences
between the preserved cells and freshly isolated hepatocytes,
it is important to note that the cells preserved in the presence
of 10 mmol/L ATP (c-group) shown best indices of respiration

1961

activity as compared with the a-group (P<0.05).
Time course of [3H]ATP accumulation by cold stored hepatocytes
Cells were resuspended in UW at 0 ℃. Incubation of
hepatocytes with 10 mmol/L [3H] ATP resulted in the net
accumulation of [3H] ATP into hepatocytes over time. The
incorporation of label into cells was corrected for the
trapping medium ATP at every time by the [14C] inulin space
associated with the cells, which remained constant during
the incubation period. Figure 2 shows net ATP accumulation
by hepatocytes, corrected for trapping and non-specific
binding to cells. The accumulation of [3H] ATP under
conditions of cold storage in UW was rapid and completed
after 180 s.
Kinetics of [3H] ATP accumulation
The evaluation of the kinetic of ATP accumulation was
done at 10 min of incubation. Figure 3 shows the relationship
between ATP cellular accumulation and the extracellular
ATP concentration. The accumulation of [3H] ATP by coldstored hepatocytes was a non-saturable process related to
the extracellular ATP concentration. By plotting the
extracellular vs intracellular ATP concentration, a linear fitting
was obtained (slope of 0.5624±0.1179 mmol/L ATP
intracell/mmol/L ATP extracell) n = 24 (r = 0.9896),
indicating that the hepatocyte ATP accumulation at 0 ℃
of temperature occurs by a diffusion mechanism.
Evolution of extracellular nucleotides during transport
experiments
Figure 4 shows the time course evolution of extracellular
ATP and nucleotides measured over 60 min of cold storage.
The white bar shows that UW solution+10 mmol/L ATP
without cells maintain the nucleotide level unchanged
during the 60 min of cold storage. Three minutes after the
addition of 10 mmol/L ATP to cell suspension, ATP was
95.5% of the total extracellular nucleotides, ADP 4.1%
and AMP 0.5%. After 60 min, the exogenous ATP was
catabolized probably by ecto ATPases around 87% of the

Table 1 Indices of the respiration activity (nmol O2/min/106 cells) in freshly isolated hepatocytes (controls) and cold preserved hepatocytes
72 h in UW solution without ATP (a-group) or with 10 mmol/L ATP (c-group). The cells from the different groups were resuspended and
incubated at 37 ℃ for 120 min in KHR. Respiratory activity was determined at time 0, 60 and 120 min Data are expressed as the mean±SD
for three separate preparations
Freshly Isolated
Hepatocytes (Controls)
Incubated in KHR

Cold preserved Hepatocytes 72 h in
UW without ATP (a-group).
Incubated in KHR

Cold preserved Hepatocytes 72 h in
UW with 10 mM ATP (c-group).
Incubated in KHR

Indices

Endogenous

0 min

60 min

120 min

0 min

60 min

120 min

0 min

60 min

120 min

33±6

30±4

28±5a

32±10

17±5cg

12±4agi

35±3

21±4cg

21±3ag

49±10

50±13

50±15

59±9

53±17

57±8

52±2

50±9

59±8

1.48±0.10

1.67±0.23

respiration (Vend)
Respiration stimulated
by succinate (Vsucc)
Vsucc/Vend

1.77±0.27a

1.94±0.45

3.41±0.81cegk

4.42±0.96 ag

1.49±0.10

2.10±0.30 cgk

2.79±0.46ag

Note: Vsucc/Vend are the ratios of the rates of respiration in the presence or absence of succinate. Data are given as the mean±SD for hepatocytes prepared from three
rats for each group. Statistic differences inside groups. Indicates that endogenous respiration and Vsucc/Vend from 120 min were different from 0 and 60 min (aP<0.05);
Indicates that endogenous respiration and Vsucc/Vend from 60 min were different from 0 min (cP<0.05). Indicates that Vsucc/Vend from 60 min was different from
120 min (eP<0.05). Statistic differences between groups. Indicates that endogenous respiration and Vsucc/Vend from a and c groups were different from controls at
60 and 120 min (gP<0.05). Indicates that endogenous respiration from a group was different from c group (iP<0.05). Indicates that Vsucc/Vend from a and c groups
were different (kP<0.05).
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total extracellular nucleotides and ADP and AMP rises to
11.4% and 1.6%, respectively.
Cell volume of hepatocytes cold stored in UW solution
In order to rule out the possibility that the higher content
of ATP found in hepatocytes cold stored in UW+ATP was
due to changes in cell volume, we examined the effects of
incubating cells in UW containing 10 mmol/L ATP on the
cell volume. Freshly isolated hepatocytes resuspended in
Krebs-Henseleit solution was used as controls. The intracellular
water space of control cells was 11.94±2.54 L H2O/10 6
cells (n = 6 preparations), while cold storage in UW solution
without ATP reduced cell volume to 5.47±0.27 L H2O/106
cells (n = 6 preparations). Cells stored in UW+10 mmol/L
ATP showed a volume of 6.10±0.34 L H 2O/10 6 cells
(n = 4 preparations). Since no statistically significant change
in cell volume was detected by the addition of ATP to
UW solution, the higher concentration of ATP in these
hepatocytes was not due to changes in cellular volume.
Reported in Table 2, the water space distribution of coldstored hepatocytes was not modified by the addition of
ATP to UW solution at final concentrations of 0.5, 1, 2.5,
5.0, and 10.0 mmol/L. In our experiments, the cell volume
control is similar to that previously reported[17] and hepatocyte
shrinkage appeared in UW preservation as described by
Crenesse et al[24].

DISCUSSION
In this study we have examined the transport and
accumulation of ATP during cold preservation of rat
hepatocytes in UW solution. Our results are in line with
those of Vreugdenhil and Southard[25,26] and shows that the
cellular concentration of ATP decreases during cold storage
in the absence of added nucleotides. We have previously
showed[14] that, under hypothermic conditions, the addition
of extracellular ATP was most effective increasing cellular
ATP during the rewarming step than adenosine. Moreover,
the cells preserved in the presence of 5 mmol/L adenosine
show a loss of GSH synthesis during rewarming and this
phenomenon could well be a consequence of the effects
of ATP loss produced by cold storage.
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This study was designed to evaluate the effect of ATP
addition to the UW solution on the hepatocyte ATP content
during cold storage and rewarming. Figure 1A shows how
the concentration of ATP in the UW solution affected the
cellular ATP content during 72 h of preservation. After
three days of cold storage, we observed a loss of cellular
ATP in the hepatocytes preserved without nucleosides (agroup) or preserved with 5 mmol/L ATP (b-group).
However, when 10 mmol/L ATP was added to the UW
solution, the intracellular concentration of ATP rose and
this fact was unrelated to changes in the cellular volume
(Table 2). We also found that hepatocytes are permeable to
ATP during hypothermic storage in UW. The viability tests
(LDH release and microscopic observation) did not reveal
any damage to cell membrane when the cells were
preserved with 5 or 10 mmol/L ATP. Since cellular
morphology and membrane integrity are only crude indices
of functional survival after hypothermia, hepatocyte
respiration was used as a more stringent metabolic test[27].
The cellular oxygen consumption was determined after 72 h
of cold preservation to allow the expression of any latent
damage during reperfusion. When the cells were cold stored
in either UW or UW+10 mmol/L ATP for 72 h and
rewarmed (37 ℃), respiration was reduced with a respiration
activity statistically lower than that in freshly isolated rat
hepatocytes, suggesting severe impairment of oxidative
metabolism. This is likely to be a multifactorial damage
resulting from several factors including both depletion of
cell solutes and disruption of mitochondrial architecture[28].
An interesting obser vation was that the decrease in
respiratory function was greater for cells preserved in UW
solution without ATP addition (a-group) than that in cells
preserved with the presence of 10 mmol/L ATP. Under
the latter condition the hepatocytes showed an elevated
oxygen uptake and better indices of respiratory activities,
possible due to a high ATP/ADP ratio and energy charge.
In addition, the succinate exposure test was even more
predictive of a progressive damage. After 72 h of cold
storage in UW solution without ATP, the stimulation of
respiration induced by succinate reached levels close to those
in permeabilized cells which have lost metabolic control.
The conditions we used to add ATP during the
experimental protocols are not fully comparable to those
used previously[9,29-31] where the nucleotide was added as

nmol [3H]-ATP/106 cells

50
40
Table 2 Total water content (intracellular and extracellular water
space) of cold-stored hepatocytes under different conditions. Cells
were cold stored (0 ℃, 10 min) in UW solution containing ATP: 0.5,
1.0, 2.5, 5.0, 10 mmol/L and without ATP. Intracellular water space was
determined as described in Materials and Methods. Data are given as
the mean±SD for hepatocytes prepared from three rats for each group
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Figure 2 Time course of [3 H]-ATP (10 mmol/L) (4.1 Ci/mL) accumulation by cold-stored hepatocytes. Cells were incubated (0 °C) in UW
solution. True uptake was the difference between total uptake and
nonspecific binding to cells (as described under Materials and
Methods). Results are expressed as the mean±SD from three determinations for each point.
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Figure 3 [3H]-ATP kinetic in cold-stored hepatocytes. Cells preserved
in UW solution (0 °C) were incubated with [3 H]-ATP (3.13 Ci/mL) and
varying concentrations of extracellular ATP (of 0.5, 1.0, 2.5, 5.0 and
10.0 mmol/L) for 10 min. Results are expressed as the mean±SD
from four determinations for each point.

MgCl2: ATP complex. In our study, the addition of ATP
was made directly into the UW solution. This choice was
based on a double reasoning:
(1) the UW solution contains 5 mmol/L Mg++ and (2)
previous studies from our group [14] showed that the
incorporation of ATP in the UW solution increased the
ATP content of cold-stored hepatocytes.
In order to assess the ATP uptake from the cells, radiolabeled ATP was used and found that the accumulation
was a rapid and linear process (Figure 2). The fact that the
mechanism involved in the accumulation of [3H] ATP by
hepatocytes during cold storage is rapid and nonsaturable
process, linearly dependent on by the extracellular ATP
concentration, strongly suggests diffusion (Figure 3).
Former studies have demonstrated increased intracellular
purine nucleotides after treatment with exogenous purines.
T hese experiments were made at nor mother mic
temperatures [29-31] in which the occurrence of rapid
extracellular degradation of exogenous nucleotides question
whether nucleotide uptake could be involved. The
investigations of Chaudry and Clemens[29] indicated that
freshly isolated hepatocytes do show ATP uptake
component in, which is independent of prior metabolism
to adenosine. In order to further substantiate the ATP
metabolism we investigated the occurrence of extracellular
degradation of exogenous ATP during transport experiments
and demonstrated that ATP is the main nucleotide available
to be transported into the cells and not its breakdown products
such as ADP or AMP. The ecto ATPase activity in hepatocytes
was significant only around 60 min of cold storage.
Previous evidence showed that an increase in
permeability to solutes, normally excluded by the bilayer,
occurs following the temperature-induced changes in the
cell membrane. Therefore, at 0-4 ℃, solutes contained in
the solution would enter the cell by diffusion[12,13]. On the
other hand, studies performed in the whole organ showed
the same difference from the cellular models, for example,
in the kinetic of ion exchange[32] . This conclusion is also
supported by the fact that, in the whole-organ model, the
extracellular space is much smaller than the intracellular
space, in contrast to cellular models where the extracellular
space is almost infinite facilitating a continuous transmembrane
ion gradient[33].

ADP

8

ATP
6
ATP-UW
4
2
0

10

ATP extracell (mmol/L)

AMP

10

0

3
Time (min)
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Figure 4 Time course evolution of extracellular added ATP and
nucleotides over 60 min of cold storage. Hepatocytes were separated from their incubation medium after the desired period of
storage and samples of medium assayed. Results are expressed as
the mean±SD from four experiments. The white bar ATP-UW represents the values obtained from UW solution+10 mmol/L ATP without
cells (d-group).

Our results indicate the improvements that can be made
to currently used hepatocyte preservation solutions in
respect to maintain a high-energy phosphate compound as
ATP at the cellular level. In this way, ATP levels must be
generated in sufficient quantity to restore critical cellular
processes, such as ion exchange channel gradients across
plasma and mitochondrial membranes, to promote protein
synthesis and to supply the urea cycle[12].
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Abstract
AIM: To investigate the relationship between pancreatic
amylase in bile duct and the clinico-pathological features
in adult patients with choledochal cyst and anomalous
pancreatico-biliary ductal union (APBDU).
METHODS: From 39 patients who underwent surgery for
choledochal cyst between March 1995 and March 2003,
we selected 15 adult patients who had some symptoms
and were radiologically diagnosed as APBDU, and their
clinico-pathological features were subsequently evaluated
retrospectively. However, we could not obtain biliary
amylase in all the patients because of the surgeon’s slip.
Therefore, we measured the amylase level in gall bladder
of 10 patients and in common bile duct of 11 patients.
RESULTS: Levels of amylase in common bile duct and
gall bladder ranged from 11 500 to 212 000 IU/L, and the
younger the patients, the higher the biliary amylase level
(r = -0.982, P<0.01). Pathologically, significant correlation
was found between the size of choledochal cyst and the
grade of inflammation (r = 0.798, P<0.01). And, significant
correlation was found between the level of amylase in
gall bladder and the grade of hyperplasia. On the other
hand, there was no correlation to the age of symptomatic
onset or inflammatory grade (r = 0.743, P<0.05). Level
of lipase was elevated from 6 000 to 159 000 IU/L in bile
duct and from 14 400 to 117 000 IU/L in the gall bladder;
however, there was no significant correlation with age or
clinico-pathological features.
CONCLUSION: The results support the notion that amylase
has a particular role in the onset of symptoms, and suggest
that a large amount of biliary amylase induces early onset
of symptom, thereby making early diagnosis possible.
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INTRODUCTION
Although its etiology has not fully been identified, many
theories have been proposed regarding the development
of choledochal cyst, and the most popular theory is that a
choledochal cyst results from an anomalous pancreaticobiliary
ductal union (APBDU)[1-4].
Bile duct dilatation is thought to reflux destructive
pancreatic enzymes into the common bile duct via common
channel; however, it is not clear which enzymes are mainly
causative[5]. Also, it is of a great interest to note that, in the
patients with APBDU, the age of symptomatic onsets of
various biliary diseases varies. A question of whether
pancreatic enzymes in bile duct bring on pathological change
of gall bladder or common bile duct has not yet been
answered.
Clinical manifestations of choledochal cyst with APBDU
in different age groups have been widely studied[6-8] , and
some reported that inflammatory change of biliary tree is
prominent in older patients, and that the level of biliary
amylase is higher in adult group than pediatric group.
However, low amylase level in biliary tract is natural in
neonates or pediatric patients, because of immature exocrine
pancreatic function. Therefore, simple comparison between
adult and pediatric patients may be misleading. Consequently,
we focused on the level of biliary amylase in adult choledochal
cyst with APBDU and studied its relationship between the
age of symptomatic onset and clinical and pathological
features, such as inflammatory change or hyperplasia.
MATERIALS AND METHODS
Thirty-nine patients, presenting choledochal cyst, were
treated surgically between March 1995 and March 2003.
From the 39 patients, we selected 15 patients whose case
was radiologically diagnosed as choledochal cyst with APBDU,
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who were adults, older than 20 years of age and had presented
many symptoms. Three were male and 12 were female
whose age ranged between 20 and 59 years (mean age was
37.0 years). We excluded 24 patients from these studies
who were pediatric patients younger than 20 years or were
not radiologically evaluated for APBDU, because we limited
the patients to adults with choledochal cyst plus APBDU.
Furthermore, we could not obtain biliary amylase in all the
patients because of surgeon’s slip. Therefore, we measured
the amylase level in gall bladder of 11 patients and in
common bile duct of 12 patients.
We reviewed medical records of each patient and analyzed
clinical symptoms, age of symptomatic onset, size of
choledochal cyst, type of APBDU and level of blood amylase.
We also measured the level of amylase and lipase in bile
juice taken from gall bladder and common bile duct. These
samples were collected at the beginning of the dissection
of the cyst before any surgical manipulation.
The pathological findings of these patients were reviewed
by a pathologist, except for two patients, because one patient
underwent only cholecystectomy and in the other case
the gall bladder specimen was not stored. We classified
the grade of inflammation from normal to III, which are
histopathologically considered as infiltration of inflammatory
cells and surface erosion. We also classified the grade of
hyperplasia from normal to III, which are histopathologically
considered as fractional area of papillary epithelial proliferation
from the total epithelium. For histopathologic findings in
bile duct, however, accurate evaluation was impossible,
because of autolytic change in most of the cases. Because
of this reason, histopathologic findings of bile duct were
excluded from this study.

Table 1 Clinical features of choledochal cyst with APBDU
Parameter
Age (yr)
20–29 yr
30–39 yr
40–49 yr
>50 yr
Sex
Male
Female
Symptom at onset
Indistinct
Jaundice
Abdominal pain
Abdominal pain with jaundice
Size of cyst
≤4 cm
>4 cm
Type of choledochal cyst
Type I
Type IV
Type of APBDU
Choledocho-pancreatic type
Pancreatico-chole dochal type
Combined biliary disease
Gall bladder stone
Bile duct stone
Gall bladder cancer
Bile duct cancer
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Choledochal cyst was classified according to Todani’s
classification[9], and APBDU was classified into two types
according to Kimura classification[10]; pancreatico-choledochal
type (P-C type) and choledocho-pancreatic type (C-P type).
Choledochal cyst and APBDU were diagnosed by endoscopic
retrograde cholangiopancreatography (ERCP) or magnetic
resonance cholangiopancreatography (MRCP) and were
confirmed by two endoscopic specialists.
For statistical evaluation of the results, Spearman rank
correlation coefficient (r) was performed to evaluate the
relationship between the age and level of biliary amylase/
lipase and between the grade of hyperplasia and level of
biliary amylase/lipase, and t-test was performed to evaluate
the difference of the grade of inflammation according
to grouping the size of cyst by 4 cm. P value <0.05 was
considered statistically significant.

RESULTS
Clinical findings
As listed in Table 1 there were 12 female and 3 male patients,
and age ranged from 20 to 59 years (mean age 37.0 years).
Twelve patients were presented with abdominal pain, three
patients presented jaundice with abdominal pain, and none
of the patient had indistinct clinical symptom or only
jaundice. Eight patients presented type I choledochal cyst
(Figure 1A), and seven had type IVa (Figure 1B). The size
of choledochal cyst ranged from 2.0 to 10 cm, and mean
size was 5.16±2.15 cm. Fourteen patients presented C-P
type APBDU, and one presented P-C type APBDU.
Gallstone disease was associated in two patients and
common bile duct stones were found in four patients. Gall
bladder cancer was observed in one patient whose age was
45 years and common bile duct carcinoma was observed in
one patient whose age was 59 years. Levels of blood amylase
and lipase in all of the patients were in normal range.

n (%)
15
3 (20)
6 (40)
4 (27)
2 (13)
15
3 (20)
12 (80)
15
0 (0)
0 (0)
12 (80)
3 (20)
15
8 (53)
7 (47)
15
8 (53)
7 (47)
15
14 (93)
1 (7)
8
2 (13)
4 (27)
1 (7)
1 (7)

Levels of amylase and lipase in gall bladder and common bile
duct
Under general anesthesia, we obtained bile juice from gall
bladder and common bile duct, and then measured the levels
of amylase and lipase. As listed in Table 2, the level of bile
duct amylase was increased, ranging between 11 500 and
212 000 IU/L, and showed highly significant correlation with
the age of symptomatic onset; that is, the younger the
patient, the higher the level of amylase in bile duct (Figure 2A)
(r = -0.982, P<0.01). And the level of amylase in gall bladder
ranged between 11 500 and 212 000 IU/L, and there was
significant correlation with the age of symptomatic onset

Table 2 Amylase level in bile duct and gall bladder of choledochal
cyst
Parameter

Site

n

Range (IU/L)

mean±SD

Amylase
Gall bladder

10

11 500–212 000

73 148±65 244

Bile duct

11

11 500–212 000

85 345±59 660

Gall bladder
Bile duct

8
8

14 400–117 000
6 000–159 000

52 175±33 791
49 375±51 058

Lipase

Jeong IH et al. Biliary amylase in choledochal cyst with APBDU

1967

A

B

C

D

E

F

Figure 1 Endoscopic retrograde cholangiopancreatogram of choledochal cyst and microscopic change of extrahepatic bile duct. A:
Todani type I and APBDU; B: Todani type IVa and APBDU; C: infiltration of small number of lymphocytes (inflammatory grade I); D:
extensive infiltration of lymphocytes with surface erosion (inflammatory grade III); E: papillary epithelial growth, less than one-third
(hyperplasia grade I); F: papillary epithelial growth, more than two-thirds (hyperplasia grade III).

(Figure 2B) (r = -0.636, P<0.05). The patients with gall bladder
carcinoma or bile duct carcinoma had lower level of bile
duct amylase (in gall bladder cancer: 62 700 IU/L, in bile
duct cancer: 11 500 IU/L) than the benign cases (mean:
85 345 IU/L). The level of lipase was elevated from 6 000
to 159 000 IU/L in bile duct and from 14 400 to 117 000
IU/L in gall bladder; however, there was no significant
correlation with age.

Finally, the grade of hyperplasia in gall bladder was increased
with increasing the level of amylase in gall bladder (Figure 5)
(r = 0.743, P<0.05).

Table 3 Microscopic changes of choledochal cyst
Parameter

Site

Grade

n (%)

Hyperplasia

Histopathologic findings
As listed in Table 3, we classified the grade of inflammation
of 15 patients from normal to III, which is considered as
infiltration of inflammatory cells and surface erosion in
histopathologic findings; infiltration of small number of
lymphocyte to grade I (Figure 1C), infiltration of moderate
number of lymphocytes with multi-focal aggregates to grade
II, and extensive infiltration of lymphocytes with erosion
of epithelium to grade III (Figure 1D). And we classified
the grade of hyperplasia from normal to III, which is
considered as fractional area of papillary epithelial proliferation
from the total epithelium; less than one-third to grade I
(Figure 1E), more than one-third but less than two-thirds to
grade II, and more than two-thirds to grade III (Figure 1F).
There was no significant correlation among inflammatory
change, type of cyst, and biliary amylase (data not shown).
Significant correlation was found between the size of
choledochal cyst and inflammation (Figure 3A) (r = 0.798,
P<0.01), but there was no correlation between age and
inflammatory grade of gall bladder (Figure 4) (P>0.05). As
the size of choledochal cyst increased, inflammatory grade
was raised, and this change was more apparent by grouping
the size. In the group of choledochal cyst size less than 4 cm,
there was low-grade inflammation, and more severe inflammation
in the group with cyst bigger than 4 cm (Figure 3B) (P<0.01).

Gall bladder

14
0

5 (36)

1

2 (14)

2

6 (43)

3
Bile duct

1 (7)
15

0

9 (60)

1

5 (33)

2

0 (0)

3

1 (7)

Inflammation
Gall bladder

14
0

0 (0)

1

3 (21)

2

7(50)

3
Bile duct

4 (29)
15

0

2 (13)

1

5 (33)

2

7 (47)

3

1 (7)

1: Hyperplasia grade. 0: Within normal limit. +1: Papillary epithelial growth,
less than one-third. +2: Papillary epithelial growth, more than one-third and
less than two-thirds. +3: Papillary epithelial growth, more than two-thirds. 2:
Inflammation grade. 0: Within normal limit. +1: Infiltration of small number
of lymphocytes. +2: Infiltration of moderate number of lymphocytes with multifocal aggregates. +3: Extensive infiltration of lymphocytes with surface erosion.
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Figure 2 Correlation between the age of symptomatic onset and bile
duct amylase (n = 11) or gall bladder amylase (n = 10). A: There was
highly significant correlation between age and level of amylase in bile
duct; that is, the level of biliary amylase decreased with increasing age
of onset (r = –0.982, P<0.01); B: in gall bladder (r = –0.636, P<0.05).

Figure 3 Correlation between grade of inflammation and size of
cyst (n = 14). A: There was significant correlation between inflammation grade and size of choledochal cyst (r = 0.798, P<0.01); B: When
the size was grouped by 4 cm, statistical significance was more
remarkable (P<0.01).

DISCUSSION
It has been shown that high biliary amylase level is
commonly observed in choledochal cyst with APBDU[11-14].
Oguchi et al [12], studied 40 adults and children with
choledochal cyst, and showed correlation of the type of
biliary epithelium with the level of amylase in bile, and higher
amylase level in a group with abdominal pain than in a group
with jaundice. Schweizer and Schweizer[13] and Imazu et al[14],
reported that patients with high levels of biliary amylase
had a higher pressure difference between the sphincter of
Oddi and the duodenum than those with low levels of biliary
amylase, and that, in the high amylase group, a spastic
sphincter of Oddi plus lack of sphincter function might
result in free reflux of pancreatic juice into the biliary system.
According to these reports, an elevated level of biliary
amylase seems to be a useful biochemical marker of pancreatic
reflux into the biliary tree.
Our present results showed significantly high biliary
amylase levels in adult patients who had symptomatic onset
at young age. Indeed, the biliary amylase level in APBDU
patients was inversely proportional to the age of symptomatic
onset. This finding is of a great interest and, to the best of
our knowledge, this is the first ever documented. The results
also support the notion that amylase has a particular role in
the onset of symptoms, and suggest that a large amount of
biliary amylase induces early onset of symptoms, thereby
making early diagnosis possible. On the other hand, a small
amount of biliary amylase might result in chronic and
insidious clinical course, thus delaying diagnosis and evolving

into cancerous change at older age.
However, there are several unanswered questions. First,
amylase itself may not be a causative factor of choledochal
cyst, and it is not known which pancreatic exocrine enzymes
or bile components cause pathological change of bile duct,
when the pancreatic juice flows backward. Nevertheless,
secondary bile acids, phospholipase A2, trypsin, elastase, and
amylase have been proposed by some authors as causative
factors for clinical features of choledochal cyst[15-18]. Second,
an elevated level of biliary amylase has been considered to
be a useful biochemical marker of pancreatic reflux into
the biliary tree; however, it is doubtful whether biliary
amylase concentration truly reflects the amount of pancreatic
free reflux. Therefore, further studies on other pancreatic
enzymes, such as trypsin, elastase, chymotrypsin, and
phospholipase A2, are necessary. Third, because all of the
selected patients presented abdominal pain, we could not
study patients with other symptoms such as jaundice.
The level of lipase in bile duct was also elevated. Unlike
biliary amylase, there was no significant correlation with
age. Nevertheless, Layer et al[19], and Holtmann et al[20], earlier
reported that loss of lipase activity correlated with the
presence of chymotrypsin, whose activity was associated
with the presence of carbohydrate and bile acids, and that
lipolytic activity was highly susceptible to inactivation by
chymotrypsin or bile acids, but amylase activity was the
most stable. In this regard, further studies on other pancreatic
enzymes seem to be necessary.
We excluded pediatric patients younger than 20 years
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Figure 4 Relationship between the age of symptomatic onset
and grade of inflammation (n = 14). There was no correlation between the age and the grade of inflammation (r = 0.205, P>0.05).

from these studies, because we planned the age limit only
to adults. In children, there are different levels of biliary
amylase because of their immature exocrine pancreatic
function. Zoppi et al[21], showed that there are quantitative
differences between children and term neonates. Thus, there
is a 10-fold difference in duodenal fluid volume, a 7-fold
difference in trypsin secretion, a 30-fold difference in lipase
secretion, and a 500-fold difference in amylase secretion
between children and neonates. The mean pancreatic
amylase activity in newborns is 3% of that of adults, begins
to increase at 7-8 mo, and reaches adult values by 5 years[22].
Therefore, their biliary amylase level is lower than that in
adult patients with choledochal cyst. We also observed such
a tendency in neonates (data not shown). Therefore, biliary
amylase in very young children appears not to be a reliable
biochemical marker of pancreatic reflux, and infants with
antenatally diagnosed choledochal cyst have been shown to
have low biliary amylase level. It is highly likely that there
exists other congenital factors, such as weakness of bile duct
or distal obstruction of common bile duct[23].
Amylase levels in gall bladder and common bile duct
showed no difference between types I and IV choledochal
cysts (data not shown). This is probably due to dilatation of
cystic duct, accompanied with formation of choledochal
cyst and functional loss of spiral valve, making gall bladder
and bile duct to be connected to common chamber and
finally the concentration capacity of gall bladder disappears.
In one patient with type III choledochal cyst, who had
normal sized cystic duct far from choledochal cyst, the level
of amylase was more than 8-fold greater in gall bladder
than in common bile duct (data not shown).
Pathological findings revealed that the grade of
inflammation ranged from normal to severe change, and
that the grade of inflammation was related with the size of
choledochal cyst, but not with the age of symptomatic onset
or with the level of biliary amylase. It seems, therefore,
likely that the level of biliary amylase is not intimately related
with initiation and progression of inflammatory process,
and there is a tendency that the more severe the grade of
inflammation, the bigger the size of cyst.
In the present study, the grade of hyperplasia was found
to be related with the level of biliary amylase, however, it
was not with the age of symptomatic onset and the size of

Figure 5 Correlation between grade of hyperplasia and gall bladder
amylase (n = 11). There was significant correlation between the grade of
hyperplasia and gall bladder amylase; that is, the grade of hyperplasia
increased with increasing the gall bladder amylase (r = 0.743, P<0.05).

choledochal cyst. Therefore, the hyperplasia in gall bladder
seems to be related directly with pancreatic juice reflux, but
not with symptomatic onset. The mean age of patients with
gall bladder carcinoma has been shown to be significantly
lower than that with primary gall bladder carcinoma; about
40-50 years in the case of patients with APBDU vs more than
65 years in the latter[24,25]. It is unlikely that higher biliary
amylase levels are related with higher grade of hyperplasia
in adult patients who had symptomatic onset as children.
Rather, high biliary amylase level may have a particular role
in earlier onset of gall bladder carcinogenesis than usual
onset of primary gall bladder cancer. Further studies on
other pancreatic enzymes as well as relationship between
mucosal hyperplasia and carcinoma seem to be necessary.
In conclusion, biliary concentration of pancreatic amylase
is closely related with the age of symptomatic onset in adult
choledochal cyst with APBDU, and the level of biliary
amylase tends to decrease with age, showing inverse
proportionality. Therefore, the high level of biliary amylase
is suggested as a useful biochemical marker of symptomatic
onset. And, hyperplasia of gall bladder was increased with
increasing the level of amylase in bile duct, supporting
the hypothesis that free reflux plays a particular role in
hyperplastic change. Reflux of pancreatic fluid plays not
only a particular role in symptomatic onset, but also plays
some roles in earlier onset of gall bladder carcinogenesis
than usual onset of primary gall bladder cancer. We analyzed
only amylase and lipase. However, similar changes might
be expected with other pancreatic enzymes such as trypsin,
phospholipase and elastase. For better understanding of
pathophysiology, further detailed studies should be carried
out with a large number of patients.
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Abstract
AIM: To evaluate the efficacy of a recently developed
device that applies kneading-like motion on the abdomen
in improving constipation in elderly long-term care patients.
METHODS: Thirty constipated elderly patients were
randomly selected from two nursing homes. They were
instructed to use the device once daily for 20 min. Rate of
bowel movements, volume and consistency of stool and
the use of laxantia were all recorded during a 3-wk
baseline period and for 12-wk treatment period. Colonic
transit time (CTT) was measured in 13 patients by
radiopaque markers during the baseline and at the end
of treatment.
RESULTS: Bowel movement rate (BM/week) increased
from 1.4±0.4 BM/wk during baseline to 3.9±0.8 BM/wk
during treatment (P<5.0×10 -7). Stool amount that was
“low” in 30 patients during baseline increased in 21
patients at the end of the study period (2 = 19.048-P =
1.3×10-5). Stool consistency, that was “hard” in 25 patients
and “soft” in 5 patients during baseline, ameliorated in
23 patients at the end of the study (only 2 patients referred
“hard” stool) (2 = 21.043- P = 4.0×10-6 ). The mean
baseline CTT measured was 92.3±32.3 h at baseline
and decreased to 49.4±31.3 h during the study period
(P = 0.000208). No side effects were observed during
the study period.
CONCLUSION: External mechanical vibration of the
abdomen reduced CTT and helped to relieve severe
constipation in elderly constipated patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Constipation is a common problem affecting 2% of the general
population and 25% of the elderly population. Constipation is
defined as when at least two of the following four complaints
have been present during the past 6 mo: straining on defecation,
feeling of incomplete evacuation, hard stool - all the three in at
least >25% of the evacuations, and less than three bowel
movements a week[1]. In most instances, no clear cause is
identified and patients are considered to have idiopathic or
functional constipation[2]. Medical treatment consists of high
fiber diet, high fluid intake, adherence to regular bowel
routine and use of enemas or laxatives[2].
A major methodological drawback of research in this
field is the fact that it is based on self-reported defecation
frequency and on the use of laxatives as an indicator of
constipation[1]. The best way to assess “objectively” the
colorectal function is by studying colonic transit time (CTT)
with the use of ingested radio-opaque markers. Overall CTT
correlates with the pattern of defecation[3] and is comparable
to the transit time measured with scintigraphic studies[4,5].
Recently, we developed a vibrating device to improve
the clearance and ultrafiltration in patients on chronic
peritoneal dialysis[6]. Early in our experiments, it became
obvious that this device has a beneficial effect on the
constipation that plagues most of these patients.
In response to these findings and the known beneficial
effect of physical activity on bowel habits[7], the hypothesis
was put forward that external vibration might have a positive
effect on constipation, similar to physical activity. Since the
elderly suffer from constipation frequently, we decided to
conduct a trial on them to evaluate the effect on CTT of
low-frequency external vibrations on the abdomen and the
possibility that the device may help in relieving constipation.
MATERIALS AND METHODS
Materials
Thirty constipated elderly patients (mean age 78.1 years,
range 65-89 years) were selected from the register of patients
suffering from constipation in two nursing homes in Greece
and Israel with 110 and 40 residents, respectively.
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Before a potential participant was included in the study
he/she had to attend two meetings at which his/her eligibility
was confirmed. At the first meeting, three weeks before
the beginning of the treatment, suitability was determined
on the basis of the inclusion and exclusion criteria and a
physical examination by a study physician. Patients were
included in the study if they had a colonoscopy or barium
enema examination during the last five years. Constipation
was defined as less than three bowel movements per week.
Patients were excluded if they had an abdominal malignancy,
abdominal wall hernia, vertebral fracture or severe low back
pain or an active ischemic heart disease. At this stage each
patient signed an informed consent as approved by the local
ethics committee. Patients who met all the criteria began a
baseline phase in which they filled in bowel diaries for 3 wk.
The diaries included report on bowel movements, bowel
consistency (hard or soft), bowel amount (regular or small)
and use of laxatives.
The baseline diaries were brought to the second meeting,
one week before the initiation of the treatment phase. Patients
who still met the study’s criteria on the basis of the diaries,
began the treatment phase.
Treatment was done once daily for 20 min. Study duration
was 12 wk. Patients continued filling in the bowel diaries
during the treatment phase. Diet was kept stable during the
study.
CTT was measured in 13 patients during baseline and
on the 11th wk of treatment. CTT was performed by giving
the patient pills, each containing 24 radio-opaque markers
(Sitzmark, Konsil Pharmaceuticals, Inc., TX, USA),
according to manufacturer’s instructions for segmental test
- one pill is taken every morning during three successive
days and abdominal X-ray is performed at d 4 and 7. Transit
time was calculated as the sum of markers observed at d 4
and 7 of the procedure.
Methods
We used an electro-mechanical device (Free-Lax, ADM
Israel, Figure 1). The device had two disks that pushed the
abdomen in two opposite sides in an inward-outward
oscillating motion at frequencies 1.25, 1.5 or 1.75 Hz. (The
first setting was 1.25 Hz and the patients were instructed to
change frequency according to his/her preferences.) The
device sat on the patient’s lap while attached to the abdomen
by a belt that surrounded the back.
6

7
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An internal recorder was used to measure the actual
time the device was in use. Patients were not informed of
its existence.
Statistical analysis
Data were based on the diaries, CTT count and recorder.
Weekly bowel movement rate concerning both baseline
(three records) and treatment phase (12 records) was
summed for every patient.
The normal distribution of weekly bowel movement
rate in baseline phase and treatment phase for the entire
group was checked by using both the Kolmogorov-Smirnov
and Lilliefors tests. The nonparametric Wilcoxon’s test for
paired samples was applied to compare between phases.
The nonparametric Spearman’s correlation coefficient was
used for correlation analysis.
Comparison of the recorded stool amount and
consistency was done between the three weeks at baseline
and wk 10-12 of treatment. The sign test was applied on
these results.
CTT results of every patient were counted for baseline
and treatment phases. The normal distribution of CTT was
checked by using both the Kolmogorov-Smirnov and
Lilliefors tests. Paired Student’s t-test was used to compare
the phases. Correlation analysis was based on the parametric
Pearson’s correlation coefficient.

RESULTS
Recorded results showed that the average duration of the
daily treatment along the 12 wk was 18 min, which is 90%
of the time recommended.
Group’s average weekly bowel movement rate (BM/wk)
increased from 1.4 (±0.4 SD) BM/wk during baseline to
3.9 (±0.8 SD) BM/wk during treatment. The normal
distribution of weekly bowel movement rate in baseline
phase and treatment phase for the entire group failed to be
confirmed by both the Kolmogorov-Smirnov and Lilliefors
tests (K-S d = 0.322, P<0.01; Lilliefors P<0.01 for baseline
phase and K-S d = 0.179, P>0.2; Lilliefors P<0.05 for
treatment phase) and thus nonparametric tests were applied.
Wilcoxon’s test for paired samples (n = 30) yielded to T1 = 0,
T 2 = 465, P<5×10 -7 . Spearman’s correlation coefficient
yielded to rS = 0.651, P<0.001. Detailed data are presented
in Table 1.
The average level of 3.9 BM/wk was reached after the
second week of the treatment phase and was kept stable till
the end of the 12th wk, as shown in Figure 2.
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Figure 1 The examined device for relieving constipation. 1. Belt
that surrounds the back; 2. Comfort pads; 3. Buckle; 4. Powersupply’s cord; 5. Moving disks; 6. Handle; 7. Control panel; 8. Leg
base; 9. Height adjusting button.
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Figure 2 Average bowel movements/week in baseline and
treat ment.
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Table 1 Bowel movements per week for every patient and for the
whole group. Application of the Wilcoxon’s test for paired samples
Baseline

1973
Table 2 Stool amount and consistency in baseline and treatment.
Application of sign test

Treatment

Stool consistency

Pt. #

Stool amount

Pt. #
BM/week

BM/week

Baseline

Average

SD

Average

SD

Increase %

1

1.3

0.58

2.9

0.29

119

2

1.3

0.58

6.6

1.00

394

3

1.3

0.58

3.3

0.65

150

4

2.7

0.58

6.9

1.31

159

5

1.0

0.00

2.9

0.79

192

6

1.0

0.00

3.9

1.00

292

7

2.0

1.00

3.8

0.83

92

8

1.3

0.58

3.7

0.65

175

9

1.0

0.00

3.4

0.79

242

10

1.0

0.00

4.1

0.90

308

11

1.3

0.58

4.0

1.13

200

12

1.7

0.58

3.3

0.87

95

13

1.0

0.00

3.4

0.79

242

14

1.3

0.58

4.3

1.07

225

15

1.0

0.00

4.3

1.29

16

2.0

1.00

4.0

17

2.0

1.00

18

2.7

0.58

19

1.0

20
21

Treatment

Baseline

Treatment

1

Hard

Soft

Low

Low

2

Hard

Soft

Low

Regular

3

Hard

Soft

Low

Low

4

Hard

Soft

Low

Low

5

Hard

Hard

Low

Low

6

Hard

Soft

Low

Regular

7

Hard

Soft

Low

Low

8

Hard

Soft

Low

Low

9

Hard

Soft

Low

Regular

10

Hard

Soft

Low

Regular

11

Hard

Soft

Low

Regular

12

Hard

Soft

Low

Low

13

Hard

Soft

Low

Low

14

Hard

Soft

Low

60% Regular

15

Hard

Soft

Low

Regular

16

Hard

Soft

Low

Regular

325

17

Hard

Soft

Low

Low

0.95

100

18

Hard

Soft

Low

Regular

3.8

1.47

92

19

Hard

Soft

Low

66% Regular

4.3

1.36

59

20

Hard

Soft

Low

Regular

0.00

4.6

0.67

358

21

Hard

Soft

Low

33% Regular

1.0

0.00

4.2

0.39

317

22

Hard

Soft

Low

Regular

1.3

0.58

3.6

0.67

169

23

Hard

Soft

Low

36% Regular

22

1.0

0.00

3.8

0.62

275

24

Hard

Soft

Low

Regular

23

1.3

0.58

3.5

0.67

163

25

Hard

Hard

Low

Regular

24

1.0

0.71

4.8

1.90

383

26

Soft

Soft

Low

33% Regular

25

1.3

1.41

4.7

1.66

250

27

Soft

Soft

Low

55% Regular

26

1.0

0.00

2.9

0.29

192

28

Soft

Soft

Low

Regular

27

1.0

0.00

2.9

0.29

192

29

Soft

Soft

Low

Regular

28

1.0

0.00

2.9

0.29

192

30

Soft

Soft

Low

55% Regular

29

1.0

0.00

3.0

0.00

200

Better

23

21

30

1.0

0.00

2.9

0.29

192

Same

7

9

Average

1.4

0.40

3.9

0.80

211

Worse

0

P<5×10-7

Stool amount that was “low” in 30 patients during baseline
increased in 21 patients at the end of the study period. Sign
test yields to 2 = 19.048, P = 1.3×10-5. Stool consistency
that was “hard” in 25 patients and “soft” in 5 patients during
baseline ameliorated in 23 patients at the end of the study
(only 2 patients referred “hard” stool). Sign test yielded to
2 = 21.043, P = 4.0×10-6. Average and data are presented
in Table 2.
The mean baseline CTT was 92.3±32.3 h at baseline
and decreased to 49.4±31.3 h during the study period. The
hypothesis of normal distribution of CTT was not rejected
by both the Kolmogorov-Smirnov and Lilliefors tests. Thus,
parametric tests were preferred. Paired Student’s t-test
yielded to t = 5.239, P = 0.000208. Pearson’s correlation
coefficient was computed to be 0.5697 (P = 0.042) (Table 3).
All the study participants were asked to continue on the
treatment after study completion. No adverse side effects
were observed during the study. Three patients were
dropped from the study due to reasons that are irrelevant
to device efficiency (one for personal reasons and two for
very poor compliance at the beginning of the study).

P

1.3×10-5

0
4.0×10-6

DISCUSSION
Frail elderly and immobile patients often suffer from
constipation that can complicate into fecal impaction[8-10].
The impact of immobility on constipation in these patients
is also well documented[11-13]. Moreover, neurological and
mental conditions, such as depression, Parkinson’s disease,
stroke and dementia, which are highly prevalent in elderly
patients, are also associated with constipation[14,15].
In this study, we have shown that external oscillatory
motion applied on the abdomen significantly improves bowel
movement rate and alleviated constipation in elderly patients.
Indeed, after 12 wk of treatment, we found an increase of
211% (Table 1) in bowel movement rate and a significant
reduction of 47% (Table 3) in total CTT.
The beneficial effect of treatment has not only proved
to be statistically significant to an extent beyond any
doubt (P<5×10-7 for BM/week, P = 2.08×10 -4 for CTT,
P = 1.3×10 -5 for stool amount, P = 4.0×10 -6 for stool
consistency) but also to be firmly applied to all patients, as
can be deduced by the statistically significant correlation
coefficient between baseline and treatment phase values, as
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Table 3 CTT results for day 4, 7 and their sum. Application of Student’s t-test for paired samples and Pearson’s correlation coefficient
Markers count d 4 and 7

Average CTT
SD
K-S d1

Markers count d 7

B-L

Treatment

%

92.31

49.38

47

32.35

31.30

0.168

0.139

Markers count d 4

B-L

Treatment

%

B-L

Treatment

%

40.23

15.46

62

52.08

33.92

35

17.71

19.0

16.14

17.47

0.123

0.212

0.114

0.177

K-S P2

>0.2

>0.2

>0.2

>0.2

>0.2

>0.2

Lilliefors P

>0.2

>0.2

>0.2

>0.1

>0.2

>0.2

Student’s
5.239

5.228

Student’s P

0.000208

0.000212

0.00614

Pearson’s r

0.570

0.569

0.313

Pearson’s P

0.042

0.042

0.298

t-value

1

3.317

Kolmogorov-Smirnov distance. 2 Kolmogorov-Smirnov P-value.

far as BM/week and CTT are concerned. Correlation
studies are very crucial, as reject all claims that the beneficial
effect of treatment reaches a statistically significant result
due to (very large) differences in a minority of patients.
As already mentioned, the data taken during the study was
based on two sources, patient reports and CTT measurements.
Patient’s report focused on the actual outcomes - relieving
constipation in all relevant parameters (number of bowel
movements, consistency and amount, Table 1 and 2).
However, one may suggest that patient’s report may be
subjected to mistakes, especially with the elderly. In order
to overcome this, the staff of the nursing homes were
instructed to fill in the diaries after asking the patient or
after taking him to the toilet. To overcome some of the
subjectivity of these indices, we measured CTT with the
use of ingested radio-opaque markers in order to provide an
objective measure of the effect of the device on constipation.
Overall CTT correlates with the pattern of defecation[3] and
is comparable to the transit time measured with scintigraphic
studies[4,5].
Furthermore, measurement of CTT overcomes, to some
degree, the need for a double-blind study. We have observed
that when a patient is getting a “placebo” non-functioning
device (or any other variation of it) he stops using it within
a month. Therefore, we did not succeed to complete a
“placebo” study in a way that can be compared to the “real”
one. Therefore, we use the objective CTT outcomes to
support the validity of the patient’s diaries. In this respect,
the recorder’s data reflects also the fact that patients felt a
benefit from the device; otherwise, they would not use it.
Another approach that we took in order to overcome
the lack of “placebo” was by planning the length of the
study to a period that is long enough to eliminate a “placebo”
effect. As shown in Figure 2, we did not observe any
decrease in device efficiency during the treatment phase an effect that could be expected if device’s effect was not
evident.
All patients that completed the study were asked to
continue with treatment. After getting approval from the
Ethics Board, they were allowed to continue. Diaries filled
by 22 of these patients showed that the effect of the treatment
on constipation remained the same during the first 6 mo of
treatment. Interviews with patients show that the effect
further continues, even for more than a year. These

outcomes support our conclusion that a “placebo” effect is
not playing a role in study results.
The mechanisms by which external motion applied on
the abdomen relieves constipation have not been proven yet.
A possible explanation might be that the motion transmitted
to the colon resembles the natural peristaltic contraction.
Another mechanism of the device’s effect may be attributed
to the enhancement of the low intra-abdominal pressure
due to abdominal wall muscle weakness in elderly persons.
A great variety of therapeutic options is offered today
for constipated patient; however, most of them only modestly
improve bowel movement[16]. Moreover, every medication
used to treat constipation has side effects, some of them
life threatening, and even locally acting enemas can cause
significant morbidity and mortality[16,17]. As our vibrating
device has no known side effects and no potential drug
interaction, we thought it very suitable for elderly patients
who usually suffer from polypharmacy. For this population,
any additional drug, even for treating constipation, can add
to the risk of drug interaction.
From the financial point of view, the device is already
marketed in Israel and Europe and costs about ＄400.
This is a one-time expense, in contrast to oral or rectal
medications annual cost of which can reach between ＄70
and ＄500. As constipation is a chronic disease, the expense
of long-term use of this device will be less than most other
therapies commonly used today.
In conclusion, this study shows that external mechanical
vibration of the abdomen, by means of a new vibrating
device, helps to relieve severe constipation in elderly
constipated patients. We also showed that patients are
compliant to this treatment. Further studies to determine
the minimum time required in achieving this beneficial effect,
and the mechanisms that lead to it are in progress.
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Abstract
AIM: Hepatitis B virus (HBV) strains isolated worldwide
has been classified into eight genomic groups deduced
from genome comparisons and designated as genotypes
A to H. We aimed to investigate prevalence of HBV genotypes
and subtypes in Turkey.
METHODS: A total of 88 chronic hepatitis B (CHB) patients
from 15 hospitals throughout the country were included.
Patients who were HBsAg positive in serum at least for
6 mo, who had HBV-DNA in serum and elevation of ALT
levels more than two times upper limit of normal, and
who had percutaneous liver biopsy within 6 mo were
included. Genotyping of HBV was done by restriction
fragment length polymorphism (RFLP). The patients
received subcutaneous 9 MU interferon- 2a thrice a week
for a period of 6 mo.
RESULTS: Genotype D was detected in 78 of 88 (88.7%)
patients, however, genotyping failed in two patients (2.3%),
while no product was obtained in eight (9.0%) patients.
Regarding subtypes, D2 was more prevalent (67 patients
between 78% and 85.9%) followed by subtype D2+deletion
(seven patients of 78 or 8.9%), subtype D1 (three patients
of 78% or 3.9%) and subtype D3 (one patient of 78% or
1.3%). Thirty-three patients (37.5%) were HBeAg positive
compared to 55 (62.5%) anti-HBe positive patients. The
endpoint for the viral response of HBeAg positive patients
was 27.2%, while it was found 52.7% in HBeAg negative
patients (P<0.05). Long-term persistent viral response
was 29.5% for all patients.
CONCLUSION: This multi-center study indicates that the
predominant genotype with CHB patients in Turkey like in
other Mediterranean countries is genotype D.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is associated with acute and chronic
viral hepatitis. Approximately 5% of the world population
is infected with HBV and those with chronic hepatitis B
(CHB) infection have a risk to develop cirrhosis and
hepatocellular carcinoma[1]. The antigenic determinants of
hepatitis B surface antigen (HBsAg) are classified into four
sub-types, or on the basis of serotypes, where those subtypes
are also divided into sub-divisions within nine serotypes[2].
Eight genotypes of HBV ranging from A to H have been
identified[3,4] . Epidemiological studies suggest that these
serotypes are common in different parts of the world with
various frequencies as follows: genotype A in Western
Europe and North America, genotype B in North and
Southeastern Asia, genotype C in Asia and Pacific, genotype
D in Southern Europe (Mediterranean countries, Middle
East), genotype E in Africa, and genotype F in South
America and Alaska, genotype G in some European
countries and North America, and genotype H has been
recently reported from Central America[5,6].
Data on the distribution of genotypes for patients with
CHB are very limited in our country. The present study aims
to investigate the prevalence of distribution of genotypes and
its relation with the treatment in patients with CHB in Turkey.
MATERIALS AND METHODS
Patient selection
Eighty-eight consecutive adult patients with chronic HBV
infection who were admitted in 15 medical centers of
Turkey, between March 2001 and October 2002, were
prospectively included into the study. The medical centers
were representative of all the geographic regions of the
country. Those with ages ranging from 16 to 65 years, who
are HBsAg positive at least for a period of 6 mo, who are
HBeAg or anti-HBe and HBV-DNA positive (qualitative)
in serum, whose serum alanine aminotransferase (ALT)
levels were at least 1.5 times or higher than the upper
limits of normal range for at least a period of 6 mo, and
those with chronic active hepatitis in percutaneous liver
biopsy, but had no previous antiviral therapy, were included
in the study. A percutaneous liver biopsy was performed in
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all patients except the ones with a previous liver biopsy
within 6 mo. Those with malignancy, depression, anti-HIV
positivity, cirrhosis, history of antiviral therapy and thyroid
dysfunction, and pregnant women were excluded. Also
patients who were positive for anti-HCV and anti-HDV
were excluded.
Biochemistry and serologic markers
Liver biochemical tests, ALT (0-46 IU/L), aspartate
aminotransferase (AST) (8-46 IU/L), and gamma-glutamyltranspeptidase (GGT) (7-49 IU/L) were measured in all
patients at initial examination, third, sixth months and during
the follow-up at each institution. Serological markers HBsAg,
hepatitis B e antigen (HBeAg), anti-HBe, anti-HBc IgM,
anti-HBc IgG, anti-HBs, anti-HAV (IgM and IgG), antiHCV and anti-HDV total (IgM+IgG) were tested during
first evaluation by commercially available kits (Axsym,
Abbott Laboratories, North Chicago, IL, USA) at each
institution.
Determination of HBV genotypes
Serum samples from each subject were taken at first examination
and stored at -70 ℃ until they were studied. Patients’ sera
from other samples were transferred at approximately -15 ℃
into dry ice boxes. HBV-DNA was isolated with high pure
viral nucleic acid kit (Roche Diagnostics, Mannheim,
Germany) according to the instructions of the manufacturer.
Briefly 200 L sera were used for DNA extraction and
50 L elution buffer was used for elution of DNA. Five
microliters of HBV-DNA were added to a 45 L reaction
mixture for amplification. HBV primers (HBV-1 and HBV-2)
described by Lindh et al[7], were obtained commercially. The
sequences of PCR primers used in this study are shown in
Table 1. PCR reaction mixture contained 200 mol/L each
nucleotide triphosphate, 0.4 mol/L each primer, 1.5 mmol/L
MgCl2, 75 mmol/L Tris-HCl, 20 mmol/L (NH4)2SO4, and
0.25 L Taq polymerase (5 U/L, MBI Fermentas) to which
a 50 L reaction volume was added. Samples were
thermocycled (MIR-D40 Sanyo) for 40 cycles (1 min at
94 ℃, 1 min at 55 ℃, 2 min at 72 ℃). PCR products were
separated in a 1.5% agarose gel, stained with ethidium
bromide, and visualized under UV light. A result was
considered positive when the band of the appropriate size
(approximately 446 and 479 bp amplicon for genotype D
and genotype A, respectively) was visible in the gel. Standard
procedures for reducing contamination were strictly
followed. The genotypes of HBV were determined by the
restriction fragment length polymorphism (RFLP) created
by Ava2 and Dpn2 action on an amplified segment of the
pre-S region according to the method described by Lindh
et al [7]. As described previously, most genotype D strains
produce either of two pre-S RFLP patterns (arbitrarily
designated D1 and D2) due to a single nucleotide difference
(at nt 2 847). Same nomenclature or terms (D1 and D2)
were used for subtyping of genotype D in this paper.

Treatment schedule
The interferon- 2a (Roferon, Roche, Basel, Switzerland)
9 MU was subcutaneously given thrice a week for a period
of 6 mo. Patients were assessed before the treatment, at 3 mo,
at the end of the treatment and 6 mo after the discontinuation
of therapy, and they all underwent a thorough physical
examination, whole blood counts, urinary analysis as well as
assessing their biochemical parameters and HBV-DNA. At
3 mo assays, the treatment was discontinued for patients
with PCR HBV-DNA positivity. For those whose response
was detected, treatment lasted to achieve the period of 6 mo.
Criteria for response to therapy
Response to interferon (IFN) therapy was evaluated in
accordance with HBV-DNA clearance from serum (viral
response), normalization of serum ALT levels (biochemical
response) and HBeAg/anti-HBe seroconversion (serological
response). After 6 mo of treatment, PCR HBV-DNA
negative patients were defined as persistent long-term viral
response. HBsAg clearance from serum was called complete
response[5,8].
Statistical analysis
Data in the text and tables are expressed as mean±SD.
Differences between groups were examined by 2 test,
Fisher’s exact test, Bonferroni’s correction and Wilcoxon
sign assay. A P value of less than 0.05 was considered to be
significant.

RESULTS
Demographic characteristics
The study included 88 patients with CHB, 59 (67%) male
and 29 (33%) female. The mean age was 35±11 years. Of
all the patients, 33 (37.5%) were HBeAg positive compared
to 55 patients (62.5%) being anti-HBe positive. Of 33 HBeAg
positive patients, 20 were males and 13 were females, while
39 of 55 anti-HBe positive patients were males and 16
were females. The demographic characteristics and laboratory
features of HBeAg positive and anti-HBe positive patients
are shown in Table 2.
Genotype outcomes
Genotype D was detected in 78 of 88 (85.9%) patients,
however, genotyping failed in two patients (2.3%), while no
PCR and HBV-DNA product was obtained in eight (9.0%)
patients. Regarding subtypes, D2 was more prevalent (67

Table 2 Baseline characteristics of HBeAg positive and anti-HBe
positive patients (mean±SD)
Characteristics
Sex
Male

5’- TCACCATATTCTTgggAACAAgA -3’ (nt 2 823-2 845, sense)
5’- TTCCTgAACTggAgCCACCA -3’ (nt 80–61, antisense)

Total
(n = 88)

39

13

16

29

28±10

39±9.9

35±11

ALT
AST

113±66
69±32

148±107
98±90

135±96
87±75

GGT

33.6±21.5

49.8±40.6

43.6±35.5

7.5±3.4

7.6±3.2

8.2±3.8

Age (yr)

HBV-1
HBV-2

HBeAg positive Anti-HBe positive
(n = 33)
(n = 55)

20

Female

Table 1 Primer sequences used for HBV genotyping by PCR-RFLP

1977

Knodell score

59

1978
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patients among 78 or 85.9%) followed by subtype D2+deletion
(seven patients of 78 or 8.9%), subtype D1 (three patients
of 78 or 3.9%) and subtype D3 (one patient of 78 or 1.3%).
Assessment of response to therapy
ALT and AST values in patients before therapy and at
months 3 and 6 during therapy and at month 6 after the
treatment are given in Table 3.
Bonferroni’s correction and Wilcoxon sign assay were
also performed for patients, whose ALT and AST values
between pre-treatment, at third month, at sixth month and
6 mo after the therapy were found to be significantly different
from Friedman variance analysis. It was found that there
was a significant difference between the initial ALT value
and values of 3, 6 and 12 mo. At third month, a viral
response occurred in 53.4% of the patients. A total of 41
patients discontinued the treatment, 35 HBV-DNA positive
patients along with six who failed to continue due to several
reasons (two hyperthyroidism, two severe depression, one
activated lung tuberculosis, and one interstitial lung disease
development). Forty-seven patients who showed viral
response at 3 mo were continued until 6 mo. Thirty-eight
(43.1%) out of those patients who accomplished the
treatment at 6 mo were PCR HBV-DNA negative compared
to 9 (10.2%) positive. During the sixth month, 26 patients
(29.5%) continued long-term persistent response, while eight
patients (9.1%) developed relapse. Four patients did not
come up for control. The viral, biochemical and serological
responses of HBeAg and anti-HBe positive patients at 3, 6
and 12 mo (6 mo after the treatment) are listed in Table 4.
When viral response rates of months 3 and 6 were
compared, the response rate in HBeAg negative patients
group was higher than that in HBeAg positive patients (at
3 mo P<0.01, at 6 mo P<0.05). Long-term persistent response
(viral response+biochemical response) was found to be

Table 3 ALT and AST values pre-treatment, during and post-treatment (mean±SD)
ALT
Before treatment

AST

135.0±96.0

87.0±75.0

3rd mo

56.8±20.1

40.6±11.9

6th mo
6th mo after therapy

62.3±38.7
43.3±23.0

53.3±17.4
35.2±19.4

Table 4 Main outcome measurements for patients with CHB treated
with interferon- 2a
Response
outcome
Viral response
n
47
3rd mo
6th mo
38
26
12th mo
Biochemical response
3rd mo
30
6th mo
26
12th mo
25
Serological response
3rd mo
4
6th mo
7
12th mo
8

Total
%
53.4
43.1
29.5
34.1
29.5
28.4
12.1
21.2
24.2

HBeAg
positive
%
36.3
27.2
18.1
21.2
24.2
24.2
12.1
21.2
24.2

Anti-HBe
positive
%
63.6
52.7
36.3
41.8
32.7
30.9
–
–
–

P

<0.01
<0.05
>0.1
>0.5
>0.5
>0.5
–
–
–
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18.1% in HBeAg positive patients compared to 30.9% in
HBeAg negative patients. Although the viral response rate
was higher in HBeAg negative, the difference was not
statistically significant (P>0.5). The long-term persistent
response rate was 26.1% in all patients. During the course
of the treatment, 24.2% of the HBeAg positive patients
developed seroconversion. HBsAg was lost only in two
(2.3%) patients, one developed anti-HBs and the other had
no occurrence of anti-HBs during follow-up.
When the response rates were evaluated in accordance
with the subtypes of genotype D, it was found that 85.9%
of the patients had D2 subtype at the beginning of the
treatment, while the genotype detected in 91.2% of the
patients with persistent response is D2. No statistically
significant difference was found (P>0.5). The genotype
distribution before the treatment and for patients with longterm persistent response is shown in Table 5.

DISCUSSION
The success of CHB treatment depends on some parameters.
It is higher in females as a gender who have lower HBVDNA levels, higher ALT levels, moderate and severe hepatitis
damages, whereas the response to treatment rate is lower in
males with mild liver damage, higher HBV-DNA levels and
lower ALT levels[9] . Recently, the relation between HBV
genotype and treatment success has also been examined.
Studies suggest that genotype C is associated with more
severe liver damages compared to genotype B[10]. Kao et al[11],
reported that the most prevalent genotypes in Thailand are
B and C, and genotype C is associated with more severe
liver damages, while genotype is mostly associated with HCC.
In another study, 73 patients received IFN therapy, and 34
patients were registered as control group. Genotype B was
determined in 38% of the patients compared to genotype
C in 60%. The response rate in genotype B was significantly
higher than that in genotype C[12]. In the present study patients
from 15 medical centers throughout Turkey were included.
Since all of the genotypes determined are genotype D, the
relation between the severity of liver disease and genotype
could not be evaluated. No statistically significant difference
was found in subtypes between the pre-treatment patients
and those with a persistent response (P>0.5). There are few
reports in the literature on genotype study for patients with
CHB in Turkey. Multi-center national study including the
cases of acute viral hepatitis B, genotype D was determined
in 147 of 158 patients, and genotyping failed in 11 cases[13].
Yalcin et al[14], also found genotype D in the 32 CHB patients
and 12 inactive HBsAg carrier. These findings show that
the prevalent genotype in patients with viral hepatitis B in

Table 5 Subtype of genotype distribution in patients
Subtype of
genotype
- D2

Pre-treatment
(n = 78)

Patients who completed
the treatment (n = 31)

Non-responder
(n = 47)

n

Percentage

n

Percentage

n

Percentage

67

85.9

29

93.5

38

80.9

- D2+deletion

7

8.9

2

6.5

5

10.6

- D1

3

3.9

–

–

3

6.4

- D3

1

1.3

–

–

1

2.1
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our country is genotype D. Interferons have antiviral,
immunomodulatory and antiproliferative effects [15] .
Interferon- is the primary antiviral agent used in the
treatment of CHB patients. In a meta-analysis of 24 studies
by Craxi et al[16] , the effect of interferon was evaluated on
HBeAg positive CHB patients. Six to twelve months after
treatment with interferon, persistent ALT normalization was
26.2%, HBeAg deletion was 24.3%, persistent HBV-DNA
negativity was 23.4% and HBsAg negativity was 5.6%. The
persistent viral response ranged from 15% to 40%[17]. The
recommended dosage for IFN is 9-10 million s.c. thrice
a week for a period of 4-6 mo[18] .
In our study the response to IFN was 53.4% for all
patients at 3 rd mo, 43.1% at 6 th mo and 29.5% at 12 th mo
(6 mo after the end of therapy). It has been reported
that, with IFN monotherapy, the development rate for
HBeAg seroconversion is approximately 20-30%[19]. HBeAg
seroconversion was 12.1% at 3 rd mo, 9.1% at 6 th mo and
3.0% at 12 th mo and 24.2% in total. HBsAg deletion was
around 8% in average as a result of treatment in CHB
patients. Such cases are called complete response[20] . We
had complete response in 2.3% of our patients.
Mutation is possible in various sections of HBV genome.
The most common is the mutation in precore region
(G1896A), and HBeAg cannot be synthesized in such
mutants. The persistent response to interferon is lower in
precore mutant CHB patients compared to “wild type” HBV
patients. One of the reasons is spontaneous seroconversion
of HBeAg in some patients, which is facilitated by IFN.
Some studies demonstrated that HBV genotype may influence
HBeAg seroconversion. Patients with genotype C have lower
rates of spontaneous HBeAg seroconversion and high
cirrhosis than genotype B patients[2,21,22]. It has been reported
that the response rate is higher in genotype A and B patients
treated with interferon compared to genotype D and C
patients[11,23] . These data will oblige the organization of
clinical trials for antiviral therapies to be based on genotypes
in the future.
HBeAg negative disease accounts for up to 30% of
CHB globally [24]. Prevalence of precore mutants vary
depending on the geographical regions; it is common in the
Mediterranean countries and Asia, whereas very rare in
North America and Western Europe. This variation may
be associated with prevalent HBV genotype because these
mutants are only present in patients infected with HBV
genotypes B-D. Recently many investigators in Europe have
assumed that CHB patients with HBeAg negativity are
more than HBeAg positive patients[25]. Prevalence rates in
the Mediterranean region (Italy, Greece and Israel) are
approximately 50-80%, with 40-55% in East Asia (Hong
Kong, Taiwan and China) and at least 15% in South Asia
(India)[26]. Seroprevalance data show that from 1975 to 1985,
58% of 584 chronically infected Italian patients studied
were HBeAg positive, while 42% were HBeAg negative.
However, from 1992 to 1997, HBeAg positive disease made
up only 10% of the 834 CHB patients studied. The remaining
90% were HBeAg negative and/or anti-HBe antibody
positive[5]. In the present study, 62.5% of our patients were
precore mutant. In a previous multi-center study, it was
found to be 54.2% and response to IFN therapy was

1979

significantly higher in precore mutants compared to HBeAg
positive patients[27]. These findings also suggest that CHB
patients in Turkey are mostly precore mutants. It has been
reported that HBeAg positive cases and precore mutant
cases provide distinct responses to IFN therapy[28-30]. In our
study, the long-term persistent viral response was 18.1% in
HBeAg positive cases, while it was found to be 36.3% in
precore mutants. The persistent viral response was 29.5%
in all patients. Although long-term persistent response was
higher in precore mutants compared to HBeAg positive
patients, the difference between them was not statistically
significant (P>0.5).
In conclusion, this multi-center study indicates that the
predominant genotype with CHB patients in Turkey like in
other Mediterranean countries is genotype D. Precore
mutants are prevalent among patients with CHB in Turkey
as well. A higher response was obtained although the
persistent viral response to IFN therapy was not statistically
significant in terms of HBeAg positive CHB.
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Abstract
AIM: To evaluate the positive predictive value of abdominal
non-prepared computed tomography (CT) for diagnosing
intestinal lumen or wall lesions in patients presenting to
the emergency room (ER) with abdominal complaints.
METHODS: For 1-year we prospectively evaluated all ER
patients hospitalized after abdominal CT scan detected
either intraluminal or intestinal wall lesions. These patients
underwent colonoscopy serving as gold standard. Patients
with prior abdominal pathology or CT findings of appendicitis
or diverticulitis were excluded.
RESULTS: Five hundred and sixty-eight abdominopelvic
CT scans were performed in the ER, 96 had positive colonic
findings. Sixty-two patients were excluded, 46 because
of diverticulitis or appendicitis, 16 because of prior
abdominal pathology. Of the remaining 34 patients, 14
did not undergo colonoscopy during hospitalization.
Twenty eligible patients were included in the study. The
positive predictive value of the CT scans performed in the
ER was calculated to be 45% (95% CI 25-67).
CONCLUSION: CT findings correlated with colonoscopic
findings only in approximately half of the cases. Relying
on non-prepared CT scan findings in planning patient
management and colonoscopy may lead to unnecessary
diagnostic work-ups.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Abdominal computed tomography (CT) scan plays an important
role in the diagnostic work-up of patients presenting to the
emergency room (ER) with abdominal complaints. CT findings
can include lesions in the intestinal lumen or in the intestinal
wall. The presumed ability of no-bowel-preparation CT
(NPCT) scan to diagnose these lesions may stem from
extrapolation of data concerning computed colonography.
Computed colonography, also known as virtual
colonoscopy, is a recently introduced imaging modality with
improved diagnostic accuracy[1] . Contrast-enhanced CT
colonography requires a bowel preparation similar to that
used in colonoscopy, with laxatives, enema and bowel
inflation. Abdominal NPCT does not include bowel preparation
and is commonly used in ER settings for the evaluation of
patients with abdominal complaints.
After receiving oral contrast medium, patients undergo
a single abdominal survey with, or rarely without, intravenous
contrast material. The results are interpreted by the on-call
radiologist who, in our institute, is usually a resident. A
previous study showed a 7.5% error rate in interpreting
these scans and concluded that the primary determinant
of error rates in body CT is the skill of the interpreting
radiologist[2].
Patients whose scan reveals an abnormal abdominal
finding are often admitted to the hospital for further diagnostic
work-up. CT was shown to play an impact on further
management decisions such as surgery or colonoscopy[3].
The value of CT for the diagnosis of luminal and mucosal
lesions under these specific circumstances has not been fully
evaluated. We hypothesized that under these conditions the
CT scan may be an overly sensitive, poorly specific diagnostic
procedure with a high false-positive rate (in that many
patients could be found to have abnormal findings, which
would later be ruled out by a consecutive colonoscopy).
Up to now, only a few studies have compared CT with
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colonoscopy in diagnosing bowel diseases. Moreover, the results
of these studies have very little relevance to the ER setting
where the scans are performed under sub-optimal conditions
without colonic preparation.
The goal of the present study was to determine the positive
predictive value (PPV) of abdominal NPCT scans performed
in the ER for the diagnosis of colitis or tumors, by comparing
it to conventional colonoscopy, which served as the gold standard.
Patients and methods
We prospectively evaluated all patients subsequently hospitalized
because abdominal CT scan in the ER detected either
intraluminal or intestinal wall lesions. We focused on these
lesions because their discovery usually leads to a request
for colonoscopy and because there is no data concerning
the PPV of the exam. We did not evaluate other CT findings
for which there are other diagnostic or treatment modalities
and the specificity and sensitivity of CT is well known. The
study took place at the Hadassah- Hebrew University Medical
Center, which is a 1 000-bed tertiary referral center in
Jerusalem, Israel. All abdominal CT scans performed on ER
patients over a period of 1 year, from December 2002 to
January 2004, were evaluated. This was done by daily
scrutinizing the written results of all abdominal CT scans
performed in the ER. Patients whose scans detected bowel
wall thickening or luminal findings were included. Patients
with a prior diagnosis of inflammatory bowel disease,
abdominal malignancy, those with CT findings of
appendicitis or diverticulitis, or those deemed too ill to
undergo colonoscopy by their attending physician were
excluded. The patients signed an informed consent form
and underwent full colonoscopy. The study was approved
by the institutional ethical committee. CT was performed in
accordance with hospital radiology department instructions.
The decision to perform the CT scan was at the ER
physician’s discretion. Helical CT scan (Philips MX 8000
Haifa, Israel) was performed using 5-mm sections from
diaphragm to symphysis pubis (0.825 pitch) with or without
intravenous contrast. Most patients received intravenous
contrast material. A few with disturbed renal function or
known allergy to contrast material did not. (The decision to
administer intravenous contrast material was made following
consultation between the ER physician and the on-call
radiologist.) Oral contrast medium [15 mL Loxitalamate de
méglumine 300 mg/mL (Telebrix® Promedico, PetachTikva, Israel) dissolved in 400 mL water] was administered
twice, 2 h and 90 min before the scan. No colonic purging
solution was used. Images were assessed by the on-call
radiologist and revised the next day by a senior radiologist.
A senior gastroenterologist performed colonoscopy as soon
as possible and no longer than 1 mo following the CT. The
gastroenterologist was not blinded to the CT results. Bowel
preparation lasted 2 d and consisted of a low residue diet
(no fruits, vegetables, wholegrain bread, nuts or seeds)
followed by a day of liquid diet. In the evening before the
colonoscopy, two 45-mL bottles of monobasic sodium
phosphate 2.4 g and dibasic sodium phosphate 0.9 g
(Soffodex® Dexxon, Hadera, Israel), each diluted in 100 mL
water, were administered orally, one at 17:00 and the other
5 h later. The patient was instructed to drink 2 L of water
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following ingestion of each bottle. On the day of the procedure,
a fleet enema was performed. Informed consent was
obtained. Biopsies were taken when a pathological finding
was identified.
The sample size for our study was estimated by the
following power analysis. The positive predictive value of
an abdominal CT scan has been shown to reach 88.1% for
the detection of colorectal cancer[4], 81% for the detection
of diverticulitis[5] and between 75% and 94% in the detection
of acute appendicitis[6,7]. We aimed to show that a NPCT
scan performed in the ER has a positive predictive value
of 50% rather than 80% as suggested by the above-mentioned
literature. To get power of 80% to detect such a difference
at a significant level of 0.05, a sample size of 15 patients
was needed, using a one-tailed test.

RESULTS
During the study period, 568 abdominal CT scans from
the ER were assessed, 96 of which had some positive colonic
finding. Sixty-two patients were excluded, 46 because of
diverticulitis or appendicitis. Twelve had a prior diagnosis
of inflammatory bowel disease and four of colon malignancy.
Of the remaining 34 patients, 14 did not undergo colonoscopy
during hospitalization because of refusal to sign an informed
consent form or because of complete resolution of symptoms.
One patient died.
Twenty eligible patients were included in the study. Mean
age was 60.85 years (range 23-83 years, 12 male, 8 female).
Their presenting symptoms are summarized in Table 1.
Table 1 Presenting symptoms
Symptom
Abdominal pain
Diarrhea
Constipation
Vomiting
Weight loss
Anemia
Change in bowel habits
Rectal bleeding

Number of patients
15
4
4
3
2
4
1
3

The clinical diagnoses made by the ER physicians and
consultants were recorded from the CT scan order form
(which requires a diagnosis to be listed prior to the performance
of a CT scan) and were as follows: inflammatory bowel disease
(4), colonic tumor (5), acute diverticulitis (4), acute appendicitis
(4), colitis (2), bowel obstruction (2), acute cholecystitis (2),
and one case each of acute pancreatitis, renal colic, pelvic
inflammatory disease and gastric carcinoma (in some cases,
more than one clinical diagnosis was offered). CT scans
suggested the following diagnoses: colonic carcinoma (10),
inflammatory bowel disease (9), colonic polyp (1).
Extra-colonic abnormalities were identified in three
patients and consisted of liver masses in a patient with intramural colonic mass (1), hepatosplenomegaly (2) and ovarian
cyst (1). Colonoscopy revealed the following findings: normal
(7), colonic carcinoma (6), inflammatory bowel disease (2),
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colonic polyp (4), angiodysplasia (1). Average time between
CT scan and colonoscopy was 13 d (range 5-30 d). The
histopathological results confirmed all colonoscopy diagnoses
except for one case in which both the CT scan and the
colonoscopy had mistaken acute or chronic colonic ischemia
for a tumor. The data is presented in Table 2.
There was agreement between the diagnoses of CT and
colonoscopy in nine out of 20 patients: six were diagnosed
with colonic carcinoma (as mentioned before, one turned
out to be ischemic colitis), two had inflammatory bowel
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disease and one had a colonic polyp. These CT scans were
considered true-positive scans.
Disagreement between the diagnoses of the two
modalities occurred in the remaining 11 patients. While CT
diagnosed four cases of colonic carcinoma and seven cases
of inflammatory bowel disease, the colonoscopies ruled all
of them out. These scans were considered false-positive
scans. In addition, colonoscopy revealed three colonic polyps
and one case of angiodysplasia that were missed by the CT.
The results are summarized in Table 3.

Table 2 Diagnoses made by ER physicians and CT vs colonoscopy findings and histology results
Patient
number
1

ER physician’s clinical
diagnoses (prior to the CT scan)

CT findings and
suggested diagnoses

Colonoscopy
findings

Bowel obstruction

Ascending colon tumor

Ascending colon tumor

Histology (when
available)
Well-differentiated
adenocarcinoma

2

Inflammatory bowel disease

Inflammatory bowel disease

Inflammation, ulceration and

Active chronic

of terminal ileum

pseudopolyps by the

inflammation

ileo-cecal valve
3

Acute appendicitis or acute

Descending colon tumor

diverticulitis
4

Colonic tumor

Transverse colon tumor

Obstructing descending

Well-differentiated

colon tumor

adenocarcinoma

Mid-transverse

Moderately to poorly

colon tumor

differentiated
adenocarcinoma

5
6

Acute diverticulitis
Acute diverticulitis

Sigmoid colon wall

Erythematous sigmoid colon

thickening and polyp

mucosa and a sessile polyp

glands

Right colon wall thickening from

Right colon congested and

Acute inflammation

cecum to hepatic flexure
7

Acute appendicitis

Ascending colon tumor

Hyperplastic mucosal

erythematous mucosa with

with ulceration and

mucopurulent exudate

fibrinopurulent exudates

Ascending colon fungating tumor

Acute and chronic
ischemic changes. No
neoplastic process

8

Colonic tumor

Cecal tumor with liver metastasis

Cecal tumor

Moderately
differentiated
adenocarcinoma

9

Gastric or colonic carcinoma

Cecal tumor

Cecal tumor

Ulcerated moderately to
poorly differentiated
adenocarcinoma

10

Colitis

Diffuse colon wall thickening

11

Colonic tumor

Transverse colon tumor

Normal
20-mm large base cecal polyp

Tubulo-villous adenoma

with villous appearance

with low- grade dysplasia

12

Colonic tumor

Sigmoid colon tumor

Normal

13

Pelvic inflammatory disease or

Diffuse bowel wall thickening,

Normal

inflammatory bowel disease

suspected Crohn’s disease

14

Acute appendicitis

Cecal and ascending colon

Normal

wall thickening
15

Acute diverticulitis or renal colic

Descending colon tumor

Cecal polyp

Tubular adenoma with
focal high-grade
dysplasia

16

Acute appendicitis or acute cholecystitis

Cecal tumor, hepatosplenomegaly

Diffuse angiodysplasia

17

Inflammatory bowel disease or infectious

Terminal ileum wall thickening,

Normal

colitis

suspected Crohn’s disease

Inflammatory bowel disease

Inflammatory changes in the

18

Normal

ileo-cecal valve area
19

Acute pancreatitis or acute cholecystitis

Terminal ileum wall thickening,

Normal

hepatosplenomegaly,
right ovarian cyst
20

Bowel obstruction

Ascending to mid-transverse
colon wall thickening

2-mm colonic polyp

Inflamed sessile
adenomatous polyp
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Table 3 True-and false-positive frequency, positive predictive value
(with 95%CI), for NPCT scan, according to specific CT diagnosis
CT
diagnoses

Colonic tumor
Inflammatory bowel

Total
number

True
positive

False
positive

Positive
predictive
value
(95%CI)

10

6

4

60% (29-86)

9

2

7

22% (4-56)

1
20

1
9

0
11

100% (5-100)
45% (25-67)

disease
Colonic polyp
Total number

As we hypothesized, the PPV of the CT scans performed
in the ER was low. According to our results, it was calculated
to be only 45% (95%CI 25-67), significantly lower than the
accepted 80% (P<0.05).
Fourteen patients did not undergo colonoscopy despite
a positive colonic finding on the CT and were excluded
from the analysis. We managed to contact seven of them by
telephone at least 6 mo following their discharge in order to
ascertain their outcome. Five of them underwent colonoscopy
following discharge, and only one had a positive finding, a
colonic tumor. Two patients did not undergo a colonoscopy
and six patients were lost to follow-up. One patient died from
septic shock secondary to pneumonia during her hospitalization.
If data of these patients is added to the analysis, the PPV
of a conventional CT finding of either an intra-luminal or
intestinal wall lesion drops to 40% (Table 4).

Table 4 True-and false-positive frequency, positive predictive value
for NPCT scan, including patients with delayed colonoscopy
CT
diagnoses

Total
number

True
positive

False
positive

Positive
predictive
value
(95%CI)

Colonic tumor

11

Inflammatory bowel

13

7

4

63% (34–87)

2

11

15% (3–42)

disease
Colonic polyp

1

0

Total number

25

10

100% (5–100)
15

40% (22–60)

As mentioned above, three patients had extra-colonic
findings. The patient with the liver metastasis was scheduled
for hepatectomy following his colon surgery. The
hepatosplenomegaly turned out to be an old finding in
one patient (who also had an ovarian cyst), secondary to
myelodysplastic syndrome. The third patient underwent liver
biopsy that revealed non-active cirrhosis.

DISCUSSION
Since it was first introduced three decades ago, CT has become
an integral part of clinical practice[8]. In our ER, 568 abdominal
CT scans were performed during the course of a year. CT
has shown considerable diagnostic accuracy in diagnosing
abdominal pathology including abdominal masses, liver
metastases[9,10] and retroperitoneal lymphadenopathy[11]. Its
accuracy in diagnosing colonic inflammation and intra-
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luminal disease is still unknown. Recent studies suggest that
it is an important tool in the evaluation of patients with
suspected colonic inflammation, and in the assessment of
both the intraluminal and extraluminal components of
inflammatory bowel disease[12]. The location of the involved
segment and the extent and appearance of wall thickening
may help distinguish Crohn’s disease from ulcerative colitis[13].
Other studies have shown that CT has an unacceptable
sensitivity for detecting inflammation of the bowel wall[14]
and its role should be limited to the assessment of mural
disease, its effect on luminal diameter and the differential
diagnosis of mesenteric disease[15].
Two studies evaluated the use of minimal preparation
CT for investigation of suspected colon cancer in frail or
elderly patients. Accuracy of CT was assessed against
patient’s clinical outcome. According to the first study,
overall sensitivity and specificity of CT for the detection
of colon cancer was 100% and 87%, respectively[16]. In the
second study, positive scans were reported as showing
definite (>90% certain), probable (50-90% certain) or possible
(<50% certain) neoplasm. The results were analyzed twice:
assuming all CT lesions test positive and considering
“possible” lesions test negative (brackets). Sensitivity was
88% (75%), specificity 47% (87%), positive predictive value
18% (43%) and negative predictive value 97% (96%)[17].
To the best of our knowledge, no study has compared
NPCT to colonoscopy in diagnosing bowel diseases. One
prospective study compared the accuracy of abdominal CT
and colonoscopy in diagnosing colonic pathology in an elderly
population. CT was as accurate as colonoscopy in detecting
colonic carcinoma and colitis. There was poor correlation
for the diagnosis of diverticular disease between the two
modalities (possibly related to under-reporting of diverticular
disease at colonoscopy). Also, certain mucosal lesions such
as angiodysplasia and small polyps (under 2 mm) were not
detectable by CT.
CT scan has several advantages: it is non-invasive, detects
extra-colonic pathology, is preferred by patients and costs
less. Its disadvantages on the other hand, are the inability to
diagnose or sample small mucosal lesions, false-positive
findings due to poor bowel distention[18] and the association
with contrast-material adverse reactions and nephropathy.
Failure to adequately opacify the bowel wall may lead to
scans that are difficult to interpret, or to over estimation of
bowel wall thickening[19] . The finding of extra-intestinal
lesions can lead to additional diagnostic or therapeutic
considerations. Some of these findings are clinically important,
whereas others are previously known or lead to unnecessary
workup and anxiety[20]. Moderate incremental costs are
incurred based on additional radiologic procedures generated
during short-term follow-up (average added costs per
CT examination ＄34.33) [21]. A recent study showed that
only 56% of the extra-colonic findings on abdominal CT
scan performed because of suspected colorectal carcinoma
were deemed to be correct (by further investigation, autopsy
and/or clinical follow-up), while the remainder 44% were
incorrect, indeterminate or had no follow-up. Ten percent
of the patients had extracolonic findings that could potentially
have accounted for their presenting symptoms[22].
A different study, designed to evaluate the impact of
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early abdominal CT scan in patients with acute abdominal
pain of unknown cause on accuracy of diagnoses, found
that only 51% of diagnoses made by early CT scan were
correct at 6-mo follow-up. There was also no significant
impact of the CT scan findings on reducing the length of
hospital stay[23].
In our study we aimed to evaluate the efficacy of CT in
the unique clinical setting of an ER.
Often, when the initial assessment of patients with
abdominal pain or other gastrointestinal complaints does
not yield a diagnosis, an abdominal CT scan is performed
without prior colonic preparation. About 45 such scans are
being performed in our institute per month, 10-20% of
which report the finding of wall thickening (suggesting
colitis), intraluminal findings (suggesting a tumor), diverticulitis
or appendicitis. We chose to focus on the first two findings
because we hypothesized that the CT may not be an accurate
modality for these lesions under ER conditions. When
compared to colonoscopy, which served as the gold standard,
CT had a positive predictive value of only 45% and lower
than the accepted figure of 80% for CT with contrast material
under elective conditions.
Our study has several limitations. Firstly, it is small and
because of its design we were unable to assess the sensitivity,
specificity, negative predictive value and likelihood ratios
of the procedure. However, in order to obtain the data for
this particular setting, a large number of colonoscopies will
have to be performed in low-risk populations. Such a study
design is unlikely to be conducted in the near future. Secondly,
the gastroenterologists who performed the colonoscopies
were not blinded to the CT findings. Since the CT findings
were the indication for colonoscopy, we considered it unethical
to conceal the data from the performing gastroenterologist.
However, since this potential bias could only have raised
the CT true positive rate (by increasing the number of
pathological colonoscopies), we feel that it does not determine
the validity of the study.
Thirdly, due to various logistical reasons, colonoscopies
were sometimes performed after a time delay from the
CT, thus leading to a possible bias. However, because
colonoscopies were performed only if the symptoms did
not fully abate and because the diagnoses by CT were mostly
considered to be chronic in nature (colitis and tumors), we
do not think this created a significant bias. Nevertheless,
we cannot rule out that some of our patients had a reversible
cause of the CT findings that resolved by the time of the
colonoscopy, for example infectious colitis.
The strength of our study stems from the fact that it is
prospective and deals with a “real-life” situation of patients
with abdominal symptoms requiring an imaging study under
conditions where bowel preparation is impractical. The
findings of this imaging study ultimately affect the patient’s
management. In light of our results, it seems that NPCT
findings of intra-luminal or intestinal wall lesions in ER
patients should be interpreted cautiously as they have a high
false-positive rate. This high false-positive rate may lead
not only to inaccurate diagnoses and anxiety, but also to
hospitalization and further investigations such as colonoscopy,
which is both expensive and potentially dangerous. Although
our study did not examine in-depth the utility of NPCT in
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the ER setting, it appeared to provide a correct diagnosis in
approximately half the examined patients (a true positive
rate of 45%), making it a potentially important diagnostic
tool. Further studies are needed to evaluate its sensitivity,
specificity and cost-effectiveness in the ER setting.
Computed colonography has a greater diagnostic
accuracy[24]. However, since it requires bowel preparation,
its application in the ER setting is not always practical. In
conclusion, abdominal CT scan can be a valuable diagnostic
tool in the ER management of patients with abdominal
symptoms. Nonetheless, it does not replace good clinical
skills and judgment. Although it did lead to a diagnosis in
approximately half the cases, its over-sensitivity can lead to
a large number of needless diagnostic work-ups. Costeffectiveness of the studies can help determine whether its
use in the ER setting should be restricted. If CT can be
postponed until bowel preparation is feasible, it can then be
performed with a higher diagnostic yield. A diagnostic or
therapeutic conventional colonoscopy could be performed
soon after whenever real indication exists.
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Abstract
AIM: The utility of serum alpha-fetoprotein (-FP) for the
detection of hepatocellular carcinoma (HCC) is questionable.
High serum levels of chromogranin-A (CgA) have recently
been reported in HCC. Impaired hepatic, renal, and heart
functions influence circulating CgA. The aim of this study
was to assess sensitivity and specificity of serum CgA as
a marker of HCC in patients with liver cirrhosis (LC).
METHODS: Serum CgA levels were measured by RIA in
339 patients of which 54 HCC, 132 LC, 45 chronic hepatitis
(CH), 27 chronic heart failure (CHF), 36 chronic renal
failure (CRF), 45 chronic inflammatory bowel disease (IBD)
as disease controls and in 75 healthy controls. Patients
with liver disease or IBD and concomitant renal and/or
heart failure were excluded. Pearson correlation, nonparametric combination test and confidence interval
analysis were used for statistical analysis.
RESULTS: Serum CgA above normal values (100 ng/mL)
were found in 83% of HCC patients, in 48% of LC patients,
in 20% of CH patients, in 33% of IBD patients, in 92%
of CRF patients, in 100% of CHF patients, and in none
of the healthy controls. The mean CgA values in HCC
(769±1 046), in LC (249±369), in CH (87±94), in CRF
(1 390±1 401), in CHF (577±539), in IBD (146±287) were
significantly higher than those in healthy controls (48±18).
HCC patients had higher CgA values (P<0.01) than LC,
CH, and IBD patients but did not differ from those with
CRF or CHF. The 95% CI for the mean (250-1 289 ng/mL)
in HCC patients was selected as a CgA range and the
lower value of such range was assumed as cut-off.

Sensitivity and specificity of CgA, calculated in relation to
the cut-off in patients with cirrhosis and HCC, were
respectively 61% (CI 48-73%) and 82% (CI 75-88%).
Serum -FP values were >200 ng/mL in 21% of the HCC
patients and in none of the LC patients. No significant
correlation was found between -FP and CgA in patients
with HCC and in patients with cirrhosis.
CONCLUSION: When HCC is suspected and -FP is normal
or <200 ng/mL, CgA serum values represent a complementary
diagnostic tool, unless kidney or heart failure is present.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chromogranin-A (CgA) is a 50-ku acid glycoprotein
originally described in catecholamine storage vesicles of the
adrenal medulla[1]. It has a wide distribution in secretory
vesicles of the endocrine, neuroendocrine and nervous
system, where it is co-stored and co-secreted with hormones
and neurotransmitters[2] . It is present in low concentration
in the serum of healthy individuals, while high serum
levels represent a sensible marker of carcinoid-like tumors
and neuroendocrine tumors such as neuroblastoma,
pheochromocytoma, and small cell lung carcinoma[3,4] .
Recently, cellular clones with morphological and functional
neuroendocrine features have been demonstrated in nonendocrine tumors, and elevated levels of serum CgA have
been described in patients with carcinoma of the prostate,
breast, ovary, pancreas, and colon[5] .
Cirrhosis of the liver is the most important risk factor
for hepatocellular carcinoma (HCC), which represents the
leading cause of death in these patients[6]. The most useful
serum marker of the tumor, alpha-fetoprotein (-FP), has
a highly variable sensitivity and specificity in the reported
studies[6,7]. The diagnostic value of other markers of HCC
proposed so far, serum des--carboxyprothrombin[8], p53
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autoantibodies, TGF--1, -L-fucosidase, glycilproline
dipeptidyl aminopeptidase isoenzyme, nociceptin, is
questionable.
Clusters of cells containing CgA have been demonstrated
within HCC tissue[9-11]. One recent study[12], reporting high
serum CgA values in approximately half patients with HCC,
suggests that CgA might represent a useful marker of HCC.
However, other factors, in particular renal and cardiac
function, may affect circulating CgA, and elevated levels
of serum CgA have been reported both in kidney failure[13]
and in heart failure[14].
The aim of this study was to assess the sensitivity and
specificity of serum CgA as a marker of HCC in patients
with cirrhosis of the liver.

MATERIALS AND METHODS
Patients and healthy subjects
CgA serum values in a population of 339 consecutive
elective patients, 54 with HCC, 132 with cirrhosis of the
liver (LC), 45 with chronic hepatitis (CH), 27 with chronic
heart failure (CHF), 36 with chronic renal failure (CRF),
and 45 with newly diagnosed chronic inflammatory bowel
disease (IBD) as disease controls, were studied. Serum CgA
was also measured in 75 blood donors constituting the
healthy control group. Patients with liver disease or IBD
and concomitant renal and/or heart failure were not included
in the study. The diagnosis of HCC was based on findings
of imaging techniques and/or histological confirmation. The
diagnosis of LC was clinical and/or histological. The diagnosis
of CH was also histologically confirmed. The demographic
and clinical characteristics of the populations studied are
illustrated in Table 1.
Assays
Serum CgA was detected in deep frozen sera (-20 ℃) using
a commercial solid-phase two-site immunoradiometric assay,
CGA-RIA CT, CIS Bio International, Schering S.A., GIFSur-Yvette, Cedex, France. Briefly, two monoclonal antibodies
were prepared against sterically remote sites on the CgA
molecule. The first one was coated in the solid phase, the
second one was radio labeled with iodine 125. CgA molecules
or fragments present in the samples to be tested were
sandwiched between the two antibodies. After the formation
of the coated antibody/antigen/iodinized antibody sandwich,
the unbound tracer was removed by washing. The remaining
radioactivity was proportional to the concentration of CgA
in the sample. Same subject samples were evaluated in duplicate
in the same assay. The normal range for serum levels of
CgA reported in normal population is 20-100 ng/mL.
In patients with LC and with HCC -FP serum values
were determined with routine radioimmunoassay.
Statistical analysis
Interaction between variables was studied using Pearson
correlation. Differences in CgA serum values among the
groups were evaluated by non-parametric combination
(NPC) test[15]. P<0.05 was considered as statistically significant.
In the HCC group, a range of CgA values was constructed.
In relation to the lower limit of such range, sensitivity and
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specificity of attribution of subjects with HCC and cirrhosis
were determined. For sensitivity and specificity, CI were
also built.
Softwares used were Methodologica S.R.L. (2001) for
non-parametric analysis NPC test, confidence interval
analysis (CIA) Windows version 2.0 (2000) for sensitivity
and specificity evaluation, and SPSS, Windows 11.0 (2001)
for box-plot construction.

RESULTS
Circulating levels of CgA above normal values, 100 ng/mL,
were found in 83% of HCC patients, in 48% of LC patients,
in 20% of CH patients, in 33% of IBD patients, in 92%
of CRF patients, in 100% of CHF patients, and in none of
the healthy subjects.
In all groups of patients, CgA values were not correlated
with anagraphical age (Pearson test). Within each group no
significant differences in CgA values were found between
males and females (NPC test).
All groups of patients had serum CgA higher than controls
(Table 1 and Figure 1). Statistical analysis performed by
NPC test showed a highly significant difference (P = 0.000)
of CgA values among the groups examined altogether. In
order to ascertain which groups were imputable for the
significance, all possible comparisons between paired groups
were performed. The P values of the analysis are shown in
Table 2. In particular, patients with HCC had CgA values
higher than patients with cirrhosis or with CH but not
different from those with renal failure or heart failure.
In order to define to which extent CgA values may be
considered a marker of the presence of HCC in cirrhotic
patients, the 95%CI for the mean (250-1 289 ng/mL) was
selected as CgA range in patients with HCC, and the lower
value of such range was assumed as cut-off. Sensitivity and
specificity of CgA, calculated in relation to the cut-off in
patients with cirrhosis and HCC, were respectively 61%
(CI 48-73%) and 82% (CI 75-88%)[16].
Serum -FP levels >200 ng/mL were found in 21%
of the patients with HCC and in none of the patients with
LC. No significant correlation was found between -FP
values and CgA values in patients with HCC (P = 0.86) and
in patients with cirrhosis (P = 0.50).

4 000

CgA/ng/mL

1988

3 000
2 000
1 000
0
HCC

LC

CH

IBD

CRF

CHF CONTR

Groups

Figure 1 Box-plot diagram showing the distribution of CgA values
in the groups studied. Abbreviations: HCC, hepatocellular carcinoma;
LC, liver cirrhosis; CH, chronic hepatitis; IBD, inflammatory bowel
disease; CRF, chronic renal failure; CHF, chronic heart failure; CONTR,
controls.
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Table 1 Clinical-demographic data and serum CGA values
HCC
Number of patients
Male/female
Age (yr)

LC

CH

CRF

CHF

IBD

Controls

54

132

45

36

27

45

75

39/15

93/39

30/15

18/18

12/15

30/15

51/24

59±12

52±13

71±17

72±15

45±6

48±15

CgA (ng/mL)

769±1 046

69±11

249±369

87±94

1 390±1 401

577±539

146±287

48±18

-FP (ng/mL)

79±160

10±13

Child–Pugh class
A

12

36

B

15

57

C

27

39

Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CH, chronic hepatitis; IBD, inflammatory bowel disease; CRF, chronic renal failure; CHF,
chronic heart failure.

DISCUSSION
CgA is a sensitive marker of neuroendocrine tumors, valid
for the diagnosis and follow up[17-19]. High serum levels of
CgA have also been reported in non-neuroendocrine
neoplasias, such as colon, lung, breast and prostate cancer,
probably in relation to a neuroendocrine differentiation[20-23].
In a recent study, Leone et al[12] reported elevated CgA serum
values in 43% of patients with cirrhosis and superimposed
HCC suggesting that raising CgA levels, likely due to a
neuroendocrine component of the tumor, might be a useful
prognostic marker for HCC in cirrhotic patients. However,
high serum CgA values are also found in patients with
hepatic failure[24], CRF[25] and CHF[26], possibly because of
inadequate hepatic metabolization, reduced renal elimination
and neuroendocrine activation.
In this study, we found that patients with HCC had CgA
values higher than patients with other liver disease, cirrhosis
or CH, but not different from those with renal failure or
heart failure. This finding suggests that determination of
CgA serum values is useful in monitoring patients with
cirrhosis of the liver for early detection of HCC, unless
kidney or heart failure is present.
In order to determine the sensitivity and the specificity
of the test for HCC detection, we constructed a range of
CgA values in HCC and assumed as cut-off in the lower
value of the range (250 ng/mL). This cut-off appears to
have a good sensitivity and specificity, respectively 61%
and 82%, for detection of HCC in patients with LC.
-FP is the most commonly used circulating marker
for HCC. In our series, as in others, a small percentage (21%)

of patients with HCC had -FP serum values >200 ng/mL,
a cut-off considered suggestive for the presence of the
tumor. Values of -FP were not correlated with CgA values.
Therefore, when -FP is normal or <200 ng/mL and in
the presence of suspicious clinical, laboratory and/or imaging
signs of HCC, the evaluation of CgA levels becomes of
particular importance in the follow-up of chronic liver disease
patients.
Since patients with chronic liver disease and HCC with
concomitant heart or kidney failure were not included in
this study, in order to avoid the interference of these
pathologies on the diagnostic value of CgA in HCC, further
studies are necessary for the evaluation of the specificity
of the marker in the entire population of chronic liver
disease.
A follow-up of CgA serum values after treatment of
HCC is recommended in order to define the utility of the
marker for the detection of recurrent tumor.
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Abstract
AIM: To evaluate the effects of percutaneous radiation
on leukocyte-endothelium interaction (LEI) in experimental
hepatocellular carcinoma (HCC).
METHODS: Twelve ACI rats underwent HCC-inoculation,
six of which on day 12 received low-dose external radiation
and six did not. After 12 h intravital microscopy was
performed.
RESULTS: LEI was significantly reduced in tumor tissue.
However, irradiation of liver sinusoids and tumor tissue
with 6 Gy led to a significant activation of leukocyte adhesion
in the tumor with a marked increase of the proinflammatory
cytokine TNF-.
CONCLUSION: The findings indicate that the immunological
tumor-endothelial barrier can be overcome by external
irradiation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) is
increasing worldwide, and represents the third most common
cause of cancer-related death[1]. Although complete surgical
resection is the primary goal, long-term survival is often
limited by local recurrence or distant metastases of the tumor.

Because of this challenge, there is a need to develop and
evaluate new treatment options in HCC. At present, most
patients are diagnosed when palliation with controversial
survival benefits is the sole option[2]. Innovative therapeutic
strategies are currently tested in HCC, including new
biological target-based drugs, cyclooxygenase inhibitors, and
gene therapy are currently tested in HCC[3].
Physiological and pathological vascularization events are
not equivalent among organ systems, and the unique behavior
of each system needs to be taken into account when evaluating
angiogenic therapies[4]. Leukocyte-endothelium interaction
(LEI) and migration could represent a worthwhile target
for novel immunological treatment strategies as it represents
the first and fundamental step in the immune cascade leading
to tumor cell recognition and possible rejection. Without
leukocyte adhesion to malignant tumor endothelium, there
will be no migration into the tumor. That malignant tumors
protect themselves by inhibiting leukocyte adhesion to their
endothelial surface is a common phenomenon in pancreatic
and other cancers[5-8].
LEI consists of the rolling of leukocytes along the
vascular wall, and firm adherence of leukocytes to endothelial
cells under certain conditions. This phenomenon is processed
by cell adhesion molecules. Although significant progress
has been made in understanding the underlying mechanisms
of LEI, a therapeutical approach by enhancing the development
of effective leukocyte infiltration in tumors is not established.
Irradiation of healthy tissues is known to upregulate
endothelial adhesion molecules[9-11]. We hypothesized that a
percutaneous single dose radiation of 6 Gy could enhance
LEI within the tumor and induce intratumoral migration
of leukocytes.

MATERIALS AND METHODS
All experiments were performed with permission of the
government authorities and in accordance with the German
legislation on laboratory animal experiments (Regierungspräsidium Karlsruhe, Germany). Male ACI rats weighing
230.0±39.2 g (VAF-Plus, Harlan-Sprague Dawley, Indianapolis,
USA) were used in all experiments. Animals were anesthetized
with ketamine/pentobarbital (Ketanest S, Parke-Davis,
Berlin, Germany and Narcoren, Merial, Hallbergmoos,
Germany). The left carotid artery and jugular vein were
cannulated for blood pressure measurement and application
of FITC-labeled albumin and rhodamine 6G.
Experimental design
On day zero, intrahepatic tumor implantation of Morris
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hepatoma A3294 was performed in 12 ACI rats[12] . The
recipient rats were anesthetized and the left liver lobe via a
small midline incision was prepared for tumor implantation.
Five million Morris hepatoma tumor cells (5 µL) were
injected in subcapsular position. On d 12, six animals underwent
a percutaneous single dose radiation with 6 Gy under general
anesthesia. After 12 h the animals underwent laparotomy
and intravital fluorescence microscopy was performed to
determine tumor vessel diameter, red blood cell velocity
(RBV) and leukocyte adherence[13]. Values were compared
to control animals without irradiation.
All animals were killed at the end of videomicroscopy
and the whole liver was harvested for histopathological
investigations. Serum specimens were taken at the end of
experiments for enzyme analysis and TNF- values.
Videomicroscopy
Intravital videomicroscopy was used according to the
epiillumination technique reported by Menger et al [14]. In
general anesthesia the left liver lobe was exteriorized after
relaparotomy. A Leitz fluorescence microscope (Leitz GmbH,
Wetzlar, Germany) was used. In the presence of different
excitation filters (wavelength 450-490 and 530-560 nm)
visualization of FITC-labeled erythrocytes (Fluorescein
isothiocyanate Isomer 1, Sigma, St. Louis, USA) and
leukocytes with rhodamine 6G (0.02 mg/kg body-weight,
Sigma) was possible. For contrast enhancement of plasma,
FITC-labeled albumin was administered intravenously
during experiments (50 mg/kg body-weight, Sigma). The
microscopy was videotaped and off-line analysis was
performed using a computer-assisted processing system[15].
The following parameters were assessed in ten randomly
selected tumor areas and fields of healthy liver tissue. RBV
was measured using the frame to frame method offline.
Volumetric blood flow (Vb) was visualized after intravenuous
injection of FITC-labeled erythrocytes and analyzed offline.
Determinants were erythrocyte velocity and vessel diameter
(D) using the following equation: Vb = 15×Ve××D2[16]. LEI
described the flow behavior of white blood cells and
differentiated between low-affinity leukocytes (roller)
moving with less than 66% of RBV or adhering for less
than 30 s to the endothelium and high-affinity leukocytes
(sticker) adhering for more than 30 s to the endothelium
surface.
Hemodynamics
Blood gas analysis and monitoring of heart rate and mean
arterial blood pressure were performed via the cannulated
left carotid artery at the beginning of experiments, 30 min
after the onset of videomicroscopy and 2 h after microscopy
(ABL 5, Radiometer GmbH, Willich, Germany).
Cytokine measurement (TNF-)
On d 13, blood samples of radiated animals and controls
were taken after videomicroscopy for TNF- measurement
using a standardized ELISA kit (Pharmingen, USA).

Volume 11

Number 13

eosin to confirm tumor presence.
Statistical analysis
The data were expressed as mean±SD and compared
between groups by Wilcoxon-Mann-Whitney U-test. P<0.05
was considered statistically significant.

RESULTS
There were no significant differences between the study
groups in mean arterial blood pressure and blood gas analysis
during intravital microscopy.
Control hemodynamics and blood gases were maintained
at physiological levels throughout the experiments.
Vessel diameter and basal RBV were comparable in
hepatic tumor tissue and healthy liver tissue (Tables 1 and 2).
There was a homogenous but not significant increase in
volumetric blood flow in both groups (Table 3).
The number of high-affinity leukocytes was comparable
in tumor tissue and healthy liver tissue (P>0.05) (Figure 1).
After percutaneous low-dose irradiation (6 Gy), high-affinity
LEI was significantly enhanced in tumor tissue and sinusoids
(P<0.05) (Figure 1).
TNF- levels were significantly elevated after radiation
(P<0.05) (Figure 2).
DISCUSSION
The results of the current study indicate that LEI decreases
significantly in tumor tissue under basal conditions, but this
can be overcome by low-dose external radiation. We have
previously shown that tumor-associated endothelial cells have
a suppressed expression of ICAM-1 compared to endothelial
cells from healthy liver[13]. Thus, only the basal expression
of endothelial adhesion molecules is decreased in the tumor
vasculature, but the possibility of inflammation-mediated
upregulation is not hampered. The homogeneous LEI in

Table 1 Red blood cell velocity (RBV) (mm/s, mean±SD)
RBV

Healthy liver

Liver cancer

Controls

1.49±0.3

1.85±0.12

Radiation

1.88±0.1

1.93±0.14

Table 2 Vessel diameter in liver tumor tissue and healthy hepatic
parenchyma (m, mean±SD)
Vessel diameter

Healthy liver

Liver cancer

Controls

34.5±3.8

36.0±3.71

Radiation

35.6±2.82

36.5±0.92

Table 3 Volumetric blood flow pattern in liver tumor tissue and
healthy liver parenchyma (nL/s, mean±SD)
Blood flow

Histology
One part of the harvested liver was fixed in buffered
formalin and prepared for staining with hematoxilin and
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Healthy liver

Liver cancer

Controls

0.25±0.07

0.29±0.02

Radiation

0.31±0.03

0.35±0.05
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Baseline
n
16
14
12
10
8
6
4
2
0

a

Healthy liver

1993
pg/nL
180
160
140
120
100
80
60
40
20
0

After radiation
a

Liver cancer

a

Without radiation

After radiation

Figure 1 High-affinity LEI with a significant increase after radiation in
both study groups (mean±SD, aP<0.05).

Figure 2 Significant elevations of TNF- values (pg/mL) after percutaneous irradiation ( aP<0.05).

liver sinusoids and tumor vessels after radiation indicates
that endothelial cells can be activated probably by unspecific
radiation-induced inflammation with a marked increase of
proinflammatory cytokine TNF-.
Radiotherapy with or without transarterial embolization
and/or percutaneous ethanol injection appears effective in
controlling HCC and can prolong survival[17] although this
is still controversial. External beam radiation is rarely used
as a single modality therapy as it has been shown that more
than 50 Gy would be required to kill HCC cells. However,
this radiation dose is commonly associated with radiationinduced hepatitis and liver failure when the whole liver is
treated[18,19]. In contrast, high-dose conformal radiotherapy,
including proton irradiation, has shown significant responses
and acceptable toxicities by excluding the non-tumorous
volume of the liver from the target volume. Local radiotherapy
combined with transarterial catheter embolization (TACE)
has also been investigated as a means of enhancing tumor
control, because TACE has a limited effect on portal vein
tumor thrombus and pericapsular invasion of the tumor.
This approach may provide response rates of 50%[20,21] and
overall survival benefit[22].
If tumor tissues are associated with tumor infiltrating
lymphocytes at a high density or with sinus histiocytosis in
its regional lymph nodes, good postoperative survival rates
for cancer have been reported[23,24]. Involvement of an antitumor effect via cellular immunity, humoral immunity or
via cytokines produced by the cancer cells has been discussed.
TNF- plays a critical role in the immune defense against
tumor growth. By a regional infusion of the cytokine TNF-
and interferon- a significant reduction in tumor growth
can be described in an animal model[25].
We focused on microcirculatory parameters and the
course of TNF- after radiation. Quantification of the
LEI and determination of the proinflammatory cytokine
TNF- showed a significant increase after external singledose radiation. These findings are in line with those of earlier
studies, indicating that inflammation-mediated upregulation
of adhesion molecules in tumor endothelium is possible[6,26].
Angiogenetic factors are capable of inducing a state of
endothelial cell anergy. After activation by inflammatory
cytokines there is a suppressed response of tumor endothelial
cells compared to endothelial cells from normal tissue in
human umbilical vein and human renal cell carcinoma [27] .
This state is induced at the protein level (expression) and at
the functional level (adhesion) and may serve as a tumor-

protecting mechanism by impairing the development of
efficient leukocyte infiltration into tumors[28,29].
In conclusion, percutaneous irradiation of the liver has
an impact on the LEI in endothelium of HCC and healthy
liver. This observation is important because it may allow to
overcome an important immune escape mechanism of
malignant endothelium, which is downregulated by adhesion
molecules. These findings have to be further evaluated
using additional immunologic effector cell stimulation in
immunotherapeutic studies in HCC.
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Abstract
AIM: To determine fibrosis progression and hepatocellular
carcinoma (HCC), using simultaneous gene expression
analysis.
METHODS: Total RNA samples were extracted from liver
biopsies from 19 patients with hepatitis C virus (HCV)
infection and 3 patients without HCV infection. Among
the 19 HCV-infected patients, 7 and 12 patients had grade
F1-2 and F3-4 fibrosis, respectively. Of the 12 patients
with F3-4 fibrosis, 8 had HCC. Gene expression in the
liver samples was determined using an oligonucleotide
microarray. The following comparisons were performed:
normal livers vs HCV-infected livers; F1-2 vs F3-4; and
F3-4 with HCC vs F3-4 without HCC. Genes that were
differentially expressed between these groups were
identified based on signal-to-noise ratios.
RESULTS: In the HCV-infected livers, genes involved in
immune responses were highly expressed. Expression
levels of genes for plasma proteins and drug-metabolizing
enzymes were decreased and those of genes involved in
the cell cycle and oncogenesis were increased in the F3-4
cases as compared to the F1-2 cases. Among the F3-4
cases, genes involved in carbohydrate metabolism tended
to be more highly expressed in patients with HCC than in
patients without HCC.
CONCLUSION: We identified genes that are associated
with fibrosis progression and hepatocarcinogenesis. This
information may be used to detect increased carcinogenic
potential in the livers of patients with HCV infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection causes chronic hepatitis,
which can lead to life-threatening sequelae, cirrhosis and
hepatocellular carcinoma (HCC)[1] . The progression of
chronic hepatitis C infection involves various cellular and
molecular mechanisms, including cellular infiltration,
remodeling, apoptosis and the interferon system[2]. Alterations
in the expression of genes associated with immune responses
to HCV have been reported in studies using peripheral blood
mononuclear cells derived from patients with fulminant
hepatitis or with hepatitis C treated with interferon[3]. The gene
expression patterns, associated with adenomatous hyperplasia
in hepatocarcinogenesis, have also been reported[4] . In
addition, candidate markers for HCC, which include the
overexpression of VANGL1 and the genes for glypican 3
and serine threonine kinase 15, have been reported[5-7]. These
genomic approaches to identify the molecular mechanisms
of HCV-related liver diseases have contributed to
improvements in disease diagnosis and treatment.
In this study, we used simultaneous gene expression
analysis to elucidate genes with altered expression in the
livers of patients with chronic HCV infection, with particular
emphasis on genes related to fibrosis progression and HCC.
MATERIALS AND METHODS
Patients
We evaluated 19 patients (mean age, 57 years; range, 23-74
years; 9 males, 10 females) with chronic HCV infection
who were admitted to the University of Tokyo Hospital
for treatment of chronic hepatitis or HCC. All of the
patients were positive for anti-HCV antibody, as assessed
by the second-generation enzyme immunoassay (Ortho
Diagnostics, Tokyo, Japan), and/or for HCV-RNA, as
detected using the Amplicor HCV assay, version 1 (Roche,
Tokyo, Japan). All of the patients were negative for hepatitis
B surface antigen (Abbott Laboratories, North Chicago, IL).
No individual had an ethanol intake of ≥80 g/d for more
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than 10 years, i.e., none of the patients had a history of
alcohol abuse. As controls, we included 3 patients (mean
age, 77 years; range, 69-85 years; 1 male, 2 females) with
metastatic liver tumors but without HCV-associated chronic
liver disease. Fine-needle liver biopsy specimens were obtained
from all the patients and fibrotic staging was determined by
liver histology according to the internationally recognized
scale[8] : F0, no fibrosis; F1, mild fibrosis; F2, moderate
fibrosis; F3, severe fibrosis; and F4, cirrhosis. Diagnosis of
HCC was made by several imaging modalities an d
confirmed histologically from sonography-guided fineneedle biopsy specimens. The staging of HCC was based
on the Japanese classification system[9]. The following clinical
parameters of the patients were recorded at the time of
blood sampling: age, gender, levels of serum albumin, total
bilirubin, alanine aminotransferase (ALT), gamma-glutamyltranspeptidase (GGT) and prothrombin time. In the initial
screening examination, the patients showed no signs of any
other disease that might cause liver fibrosis. Written informed
consent was obtained from each patient according to the
Helsinki Declaration. We also obtained approval for this
study from the institutional ethics committee.
Microarray analysis
Gene expression was determined using an oligonucleotide
microarray of 3 800 genes (Atlas array; Clontech, Palo Alto,
CA). Total RNA samples were extracted from biopsy
specimens of the non-tumorous or non-cirrhotic ‘background’
liver tissues using the ISOGEN RNA Extraction Kit
(Nippon-Gene, Tokyo, Japan), according to the manufacturer’s
instructions. The quality of the total RNA was assessed
from the ratio between the 28S and 18S ribosomal RNAs
after agarose gel electrophoresis.
Semi-quantitative RT-PCR
To validate our microarray results, we carried out semiquantitative RT-PCR for the cytochrome P450 (CYP) 2C8
gene (CYP2C8) using SuperScript One-Step RT-PCR with
Platinum Taq (Invitrogen, Carlsbad, CA), according to the
manufacturer’s instructions. The following primers were
used: for CYP2C8, 5’-TCCCTGTCTGAAGAATGCT-3’
(sense) and 5’-GCAGTGACCTGAACAACTCTC-3’
(antisense); and for GAPDH, 5’-ACCACAGTCCATGCC
ATCAC-3’ (sense) and 5’-TCCACCACCCTGTTGCTGTA3’ (antisense). The number of PCR cycles was optimized
for each gene to ensure product intensity within the linear
phase of amplification. The PCR products were separated
by electrophoresis on 1.5% agarose gels and visualized under
UV light after ethidium bromide staining. We determined
the mean band densities using a Scion Image beta 4.02 (Scion
Corp., MA, USA) imaging analysis system and calculated
the levels of CYP2C8 expression relative to those of the
GAPDH gene for each sample. The Pearson correlation
coefficient was calculated to examine the relationship
between the gene expression levels obtained from the
microarray analyses and those assessed by RT-PCR.
Data analysis
To evaluate significance in the analysis of the clinical parameters,
one-way ANOVA and Kruskal-Wallis tests were applied for
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the continuous variables and Fisher’s exact test was used
for the categorical data. Two-tailed P-values were calculated.
Each of the microarray measurements was normalized
globally, and a variation filter (max-min >100 units; max/
min >3) was applied. Genes that were expressed differentially
between the groups were selected using the signal-to-noise ratios
(group 1 mean-group 2 mean)/(group 1 SD+group 2 SD).
We used a significance level of P<0.05 in the random
permutation test.

RESULTS
Patient characteristics
Among the HCV-infected patients, 7 cases had grade F1 or
F2 (F1-2) fibrosis and 12 cases had grade F3 or F4 (F3-4)
fibrosis. Among the patients with F3-4 fibrosis, 8 had
HCC (Table 1). With regard to patients with HCC, 3, 2
and 3 cases were stage I, II and III, respectively. In the
older patients, relatively advanced liver disease, i.e., the
presence of fibrosis and HCC, was observed (P = 0.01).
The serum albumin levels (P = 0.023) and prothrombin
times (P = 0.045) were significantly decreased in patients
with advanced liver disease. There were no significant
differences in the levels of serum bilirubin and ALT among
the patients with HCV infection as compared with the
subjects without HCV infection.

Table 1 Clinical characteristics
Normal liver F1,2
n= 3
n=7

F3,4 HCCn=4

F3,4 HCC+
n= 8

P

Age

77

47

53

68

0.0101

Sex (male/female)
Albumin

1/2
4.2

5/2
4.3

0/4
3.6

4/4
3.6

0.1492
0.0233

Prothrombin time (%)

79

83

63

66

0.0453

Bilirubin

0.6

0.7

1.0

0.8

0.3793

ALT HCC stage I/II/III

18

75

72

78
3/2/3

0.2003

1
One-way ANOVA, 2 Fisher’s Exact Test; 3Kruskal-Wallis test, P-values were
calculated only in HCV-infected cases.

Correlation of changes in gene expression with the progression
of HCV-associated liver disease
A number of genes involved in immune responses (IFNA16,
IFNA5, F3, IL2RA, TNFSF8, TNFSF9 and CCR7; e.g., the
interferon, interleukin, tumor necrosis factor superfamilies
and chemokine receptor-related genes) were highly expressed
in the livers of patients with HCV infection as compared to
the levels in the livers of patients without HCV infection
(Figure 1). These findings suggest the induction of changes
in gene expression by HCV infection.
In the HCV-infected livers with grade F3-4 fibrosis, the
expression levels of genes that encode plasma proteins (e.g.,
albumin and apolipoprotein) and drug-metabolizing enzymes
(e.g., the aldo-ketoreductase and cytochrome P450 families)
were decreased in comparison with the levels in livers with
grade F1-2 fibrosis, which suggests a correlation between
impaired liver function and the progression of liver fibrosis
(Figure 2). On the other hand, genes involved in the cell
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Figure 1 Genes expressed differentially between livers without HCV and HCV-infected livers. The red and blue colors indicate relative extent
of gene overexpression and underexpression, respectively, with darker colors indicating larger differences. HCV, hepatitis C virus; HCC,
hepatocellular carcinoma; IFNA, interferon alpha; F, coagulation factor; IL2RA, interleukin 2 receptor alpha; TNFSF, tumor necrosis factor
super family; CCR7, chemokine (C-C motif) receptor 7; IGFBP3, insulin-like growth factor-binding protein 3; PDK4, pyruvate dehydrogenase
kinase 4; RPLP0, ribosomal protein large 0; CYP2C19, cytochrome P450 2C19; FABP1, fatty acid binding protein 1; COL, collagen.

cycle and oncogenesis (e.g., serine/threonine kinases) were
highly expressed in the livers of patients with F3-4 fibrosis
as compared to the levels in livers of patients with F1-2
fibrosis. These findings indicate the hypercarcinogenic state
of livers with advanced fibrosis.
Among the F3-4 patients, genes involved in carbohydrate
metabolism (e.g., glucosidase) tended to be more highly
expressed in cases with HCC than in cases without HCC,
suggesting that livers with HCC are in a hypermetabolic
state (Figure 3).
Validation of microarray data by RT-PCR
The semi-quantitative RT-PCR data for CYP2C8 showed a
tendency to correlate with the microarray data, with a Pearson
correlation coefficient (P-value) of 0.775 (P = 0.123).

DISCUSSION
Liver fibrosis in chronic HCV infection progresses in a
stepwise manner from hepatitis to cirrhosis[10,11]. In this study,
we evaluated the sequential alterations in hepatic gene
expression relative to the progression of liver disease in
patients with chronic HCV infection. Through these analyses,
we identified genes that are potentially associated with fibrosis
progression and hepatocarcinogenesis. The genes that we
selected for further analysis are consistent with the stepwise
progression of HCV-related chronic liver disease and may
represent biomarkers and/or therapeutic targets for HCVrelated liver diseases.
In this study, we used disease status-based comparisons

to identify genes that discriminated the clinically important
stages of disease such as liver fibrosis and HCC. In the
comparisons of cases with and without HCV infection, genes
that were associated with inflammation and immune
responses were identified, reflecting the direct consequences
of active hepatitis caused by chronic HCV infection. Thus,
our results are consistent with those reported previously[12].
Many cirrhosis-associated sequelae are related to
impaired protein synthesis in the liver; they include
abnormalities both in blood coagulation and in the
maintenance of colloid osmotic pressure. In our analysis,
these changes were paralleled by changes in the gene
expression profiles. In addition to protein synthesis-related
genes, genes associated with lipid metabolism (APO) and
drug-metabolism showed decreased expression in livers with
advanced cirrhotic fibrosis (F3-4). In HCV-related HCC, it
has been hypothesized that the accumulation of carcinogens
in the liver owing to the impaired expression of enzymes
involved in drug metabolism is one of the causes of
hepatocarcinogenesis[13,14]. Our results are consistent with
this hypothesis. It remains possible that our results merely
reflect decreased numbers of hepatocytes in each biopsy
specimen owing to the increased formation of fibrous septa.
However, even a decrease in the bulk expression of these
genes owing to accumulation of fibrous septa might cause
the aforementioned cirrhosis-associated sequelae.
In the comparison of the livers with F3-4 fibrosis with
and without HCC, it was possible to evaluate the HCCrelated differences in gene expression, as the amount of
fibrous septa contained in the biopsy specimens should be
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Figure 2 Genes expressed differentially between livers with F1-2 and F3-4 fibrosis. The red and blue colors indicate relative extent of gene
overexpression and underexpression, respectively, with darker colors indicating larger differences. GPCR, G protein-coupled receptor; HCC,
hepatocellular carcinoma; B2M, beta-2-microglobulin; GRP25, G protein-coupled receptor 25; ADH1C, alcohol dehydrogenase 1C; AKR1D1,
aldo-keto reductase 1D1; CYP2C8, cytochrome P450 2C8; ALB, albumin; FABP1, fatty acid binding protein 1; APO, apolipoprotein; NEO,
neogenin homolog; ADMR, adrenomedullin receptor; GNG5, guanine nucleotide binding protein (G protein) gamma 5; ARL7, ADP-ribosylation
factor-like 7; ARHGAP6, Rho GTPase activating protein 6; STK, serine/threonine kinase; GAA, glucosidase alpha acid; NR5A2, nuclear receptor
subfamily 5A2; PGR, progesterone receptor; PRS2, protease serine 2; ACCN2, amiloride-sensitive cation channel 2; HOXC6, homeo box C6.

similar in the two groups. Although the differences that
we detected in this study were subtle, they suggest that
the presence of HCC may be deduced from specimens
taken from the non-tumorous ‘background’ liver tissue. In
addition, the changes in gene expression may reflect the
hypercarcinogenic state of livers with HCC. Assuming that
the existence of HCC changes the gene expression profile
of the background liver tissue, this type of analysis may
be useful for testing of residual and/or recurrent HCC
after radical treatment, such as surgical resection and/or
percutaneous ablation.

As the results of fine-needle biopsy-based diagnoses of
fibrosis are often ambivalent, we separated the patients into
two groups, F1-2 and F3-4, in order to select genes that
were associated with the progression of liver fibrosis.
However, it was difficult to identify small differences between
these two groups owing to inadequate discrimination of
cell types as a result of the variability of the cell populations
in the biopsy samples. This problem might be overcome by
using surgical specimens in further analyses. In addition, it
might be possible to calibrate biopsy specimen data using
surgical specimen data in future analyses of biopsy

F3,4
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HCC (+)

RAD9

Cell cycle

H2AFX

Chromatin

GA A
PFKFB1
IDUA

Maintnance Metab-

Energy

olism

MMPL1

Protein

ATP4B

Transport

Figure 3 Genes expressed differentially between F3-4 cases with and without HCC. The red and blue colors indicate relative extent of gene
overexpression and underexpression, respectively, with darker colors indicating larger differences. HCC, hepatocellular carcinoma; H2AFX,
H2A histone family member X; GAA, glucosidase alpha acid; PFKFB1, 6-phosphofructo-2-kinase/fructose-2, 6-biphosphatase 1; IDUA,
iduronidase alpha L; MMPL1, matrix metalloproteinase-like 1; ATP4B, ATPase H+/K+ exchanging beta polypeptide.
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specimens in clinical practice. Our study also has the
limitation of a small sample size, which should be resolved
in future studies. In addition, the size of the microarray
used was not sufficient for genome-wide screening. Thus,
large-scale analyses should be performed in the future.
In summary, we identified genes associated with fibrosis
progression and hepatocarcinogenesis in patients with chronic
HCV. Using this information, we hope, in the future, to be
able to detect increased carcinogenic potential in the livers
of patients with HCV infection.
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Abstract
AIM: To study the effect of inhibited E-cadherin expression
on invasion of cancer cells.
METHODS: We designed the nucleotide sequence of
siRNA corresponding to 5’ non-coding and coding
sequence of E-cadherin. 21-nucleotide dssiRNA was
synthesized by in vitro transcription with Ambion Silencer
TM siRNA Construction Kit. siRNA was transfected into
gastric cancer MKN45 using TransMessenger transfection
Kit. RT-PCR and immunofluorescent assay were used to
investigate the inhibition of the expression of mutated Ecadherin. Invasive ability of cancer cells was determined
by Transwell assay.
RESULTS: The synthesis of E-cadherin mRNA rather than
protein expression was suppressed dramatically 7 d after
interference. Decreased protein expression was observed
on d 10 after interference. On d 11, invasion ability was
enhanced significantly.
CONCLUSION: siRNA targeted at non-coding and coding
sequence of E-cadherin showed significant inhibition
on mRNA and protein expression. Inhibited E-cadherin
expression results in increased invasion ability of cancer cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The development and metastasis of tumor are a multi-step

process and involve a lot of genetic alterations. Now, many
metastasis related genes were found. The recent studies
indicated the loss of E-cadherin in various kinds of progressive
and metastatic tumors[1]. Cell adhesion molecule, E-cadherin
is capable of maintaining the polarity of epithelial cells and
cell junction. It belongs to the glycoprotein family. Reduced
expression of E-cadherin has been regarded as one of
the main molecular events involved in dysfunction of the
cell-cell adhesion system, triggering cancer invasion and
metastasis[2-4]. In 1998, Guilford[5] observed three stomach
cancer pedigrees of New Zealand with germline E-cadherin
mutation. Thereafter, association of E-cadherin with
stomach cancer received more and more attention. Recently,
Brooks-Wilson et al [6], reported 41 pedigrees with genetic
diffusive stomach and a pedigree with intestinal type gastric
cancer. E-cadherin mutation was detected in all the 42
pedigrees. Frequency of E-cadherin mutation was lower in
sporadic stomach cancer. The reduced expression of Ecadherin may be related to methylation of promoter[7]. Loss
of E-cadherin expression or function was observed in many
gastric cancer cell lines. Down-regulated expression of Ecadherin by both methylation of promoter and gene mutation
suggested its involvement in metastasis of tumor. To further
explore whether E-cadherin contributed to the metastasis
inhibition, RNAi was performed to investigate changes in
invasion ability of cancer cells by suppressing expression
of E-cadherin in MKN45 cell line. We designed siRNA
according to 5’ non-coding and coding sequence of Ecadherin and analyzed inhibition effect of siRNA. Our study
will shed light on the elucidation of molecular mechanism
of RNAi and its application in research of gene function
and gene therapy.

MATERIALS AND METHODS
Cell line
Gastric cancer cell line MKN45 (poorly-differentiated
adenocarcinoma) was a kind gift from Professor Yokoyama,
Japan Physical and Chemical Institute. The cell line was
maintained in RPMI 1640 medium supplied with 10% of
FBS, 100 U/mL of penicillin and 100 µg/mL of streptomycin
in a 37 ℃, 50 mL/L CO2 incubator. Cells of logarithm phase
were used in our study.
Preparation of siRNA
Primer was designed according to online tool for primer
design (Ambion company: www.ambion.com/techlib/misc/
siRNA_finder.html). Twenty-nine base pair primer containing
eight bases complimentary to T7 promoter and 21 to target
gene was used. The following were our primers. Primer I:
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5’-AACTGCAAAGCACCTGTGAGC CCTGTCTC-3’
(antisense), 5’-AAGCTCACAGGTGCTTTG CAG
CCTGTCTC-3’ (sense), 12-32, NM 04360); II: 5’-AACGGGAATGCAGTTGAGGAT CCT GTCTC (antisense),
5’AAATCCTCAACTGCATTCCCG CCTGTCTC (sense),
(834-854, NM 04360). Ambion Silencer TM siRNA
Construction Kit was used to in vitro synthesize 21 bp sense
and antisense RNA and then dsRNA by annealing. Control
siRNA targeted at luciferase gene.
siRNA transfection
siRNA targeted at gene of interest was transfected according
to manufacturer’s instruction (Qiagen, Chatsworth, CA,
1 µg per well, 6 µg for six-well plate). siRNA was concentrated
through interaction with Enhanser R. siRNA was combined
with 4 µL TransMessenger and to form the complex. The
complex was diluted with 900 µL antibiotics-free medium
and added into cells washed with PBS in six-well plate. During
transfection, 24 h or longer after passage cells were used.
Cells were washed with PBS, 2 h after transfection and
grown in normal medium. mRNA inhibiting level was
analyzed with RT-PCR on the seventh and the 10th d and
that of protein expression with immunofluorescent
cytochemistry on the 7th, 10th and the 12th d. Invasive ability
of cells was analyzed with Transwell on the 11th d.
RNA extraction and RT-PCR
TRIzol (GIBCO BRL) was used to extract total RNA. RNA
was reverse-transcribed into cDNA with reverse-transcription
kit (Promega). Primers for E-cadherin were the following:
u pstream 5’-GGTTATTCCTCC CATCAGCT-3’,
downstream: 5’-CAGTGTCCGGATTAATCTCC-3’, PCR
product was 1.15 kb in length. -actin was selected as
control. Amplification fragment for -actin was 497 bp in
length. PCR conditions were the following: 95 ℃ for 5 min,
30 cycles of 94 ℃ for 30 s, 54 ℃ for 1 min, 72 ℃ 30 s,
and 72 ℃ for 7 min. PCR products were detected by agarose
electrophoresis.
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matrigel and incubated for 30 min. Fibroblast-conditioned
medium, obtained from confluent NIH 3T3 cell cultures
in serum-free RPMI 1640, was used as the chemoattractant
and added to the lower wells of the chambers. The cells 10 d
after interference were plated in the upper layer of costar,
2×10 5 cells/well. Each assay was performed thrice in
triplicate. After 24 h of incubation at 37 ℃, the non-migrating
cells were removed from the upper surface of the membrane
with a cotton swab. The cells on the lower surface of the
membrane were fixed with ice-cold methanol and then
stained with hematoxylin and eosin. The number of migrated
cells was counted under a light microscope. Five random
microscopic fields (×400) were counted per well and the
mean was determined. Membrane was removed from the
Traswell by cutting with a scalpel and mounted with 50%
of glycerol. Five random visual fields (200×) were selected
to count cells penetrating the basal membrane. Invasive
ability was denoted as the average number of penetrating
cells. t test was used in statistical analysis.

RESULTS
The significant inhibition of mRNA expression of E-cadherin
by siRNA
RT-PCR results showed significant inhibition of mRNA
expression of E-cadherin in RNAi group compared with
control group. siRNA targeted at upstream non-coding and
coding sequence markedly inhibited expression of mutated
mRNA (Figure 1).
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Immunofluorescent cytochemistry
MNK45 cells grown in cover slip were fixed with methanol
six and 11 d after transfection and reserved in a -20 ℃refrigerator overnight. Then slips were washed with PBS
followed by fixation for 6 min with acetone. Slips were
washed with PBS and blocked for half an hour with nonspecific serum. The first antibody (mouse anti-E-cadherin
Monoclonal antibody purchased from Maixin company,
Fujian) incubation continued for 2 h followed by washing
with PBS. Fluorescent goat anti-mouse antibody (Zhongshan
Company) was used in detection. Slips were washed with
PBS. Nucleus was stained with PI for 5 min. Finally, slips
were washed with PBS. Mounting was performed by using
quenching-resistant reagent. The results were evaluated
under fluorescent microscope.
In vitro invasion assay
Invasion of MKN-45 cells was assayed in Transwell cell
culture chambers with 6.5-mm-diameter polycarbonate
membrane filters containing 8-m-pore size. The top chamber
was prepared by coating the filter with 50 mg of diluted
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Figure 1 A: The significant suppression of mRNA expression in
MKN45 before and after RNAi (lanes 1 and 2) compared with the
control cells (lane 3); B: -actin control; 1: IIsiRNA, 2: IsiRNA 3:
control, 4: DL2000.

Effect of RNAi on protein expression in siRNA
On the 7 th d of interference, there was no difference in
expression of E-cadherin between interference and
control groups. On the 10 th and 12 th d of interference,
intereference groups showed reduced expression of about
90% proteins suggesting inhibited expression of E-cadherin.
E-cadherin was localized in cell membrane and cytoplasm
and showed green fluorescence. Nucleus should show red
fluorescence after PI staining. In reality, nucleus showed
yellow fluorescence due to green fluorescence in cytoplasm
(Figure 2).
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Figure 2 Downregulated E-cadherin expression (C): On the 12th d of interference; B: On the 10th d of interference) in MKN45 cells undergoing
RNAi compared with that in control group (A).

Effect of reduced E-cadherin protein expression on invasive
ability
On the 11th d of interference, E-cadherin protein expression
was downregulated and invasive ability of cancer cells was
upregulated. Cells penetrating filter membrane were observed
before (51±6) and after interference (78±8).The difference
between two groups was significant (P<0.05).

DISCUSSION
Human E-cadherin contains 882 amino acids (120 ku) and
its gene maps on chromosome 16q22.1. E-cadherin protein
belongs to calcium-dependent transmembrane glycoprotein
mediating cell adhesion and is extensively distributed in
epithelium. It is essential for tight junction and gap junction.
Mutation study indicated the involvement of E-cadherin in
human gastric cancer[5,6]. Investigation of E-cadherin expression
in various types of gastric cancer indicated loss of E-cadherin
was closely related to invasion of tumor[8,9]. In our previous
study, we analyzed expression of E-cadherin in gastric cancer
of different stages and found it was dramatically downregulated
in progressive gastric cancer, which may be correlated with
methylation of promoter[10]. It was reported that loss of Ecadherin correlated with metastasis in other tumors[11]. A
direct role for E-cadherin in the suppression of tumor invasion
has been demonstrated by the reversion of undifferentiated,
invasive tumors to a differentiated phenotype after the
transfection of E-cadherin cDNA in cell culture models[12,13].
To determine metastasis-inhibiting function of E-cadherin,
we suppressed the expression of E-cadherin in MKN45
cell line by RNAi technique and found enhanced metastatic
ability. It suggests that E-cadherin can inhibit tumor
metastasis.
Mechanism of inhibition by E-cadherin remains unknown
now. The normal E-cadherin protein is of 135 ku and
processed into mature protein in golgi body, which was then
released into cell surface. The half-life of E-cadherin locating
in cell surface was 5 h. Newly synthesized E-cadherin binds
with -catenin and r-catenin before it is transported to cell
membrane. In cell membrane, -catenin forms complex
with E-cadherin, -catenin and r-catenin to maintain the
cellular polarity. Extracellular portion of E-cadherin is
necessary for calcium-dependent homotype cell adhesion,
hence denoted as contact inhibitor[14-16]. Alice[17] suggested
that inhibition of metastasis by E-cadherin was attributed

to the binding domain for -catenin rather than adhesion
by transfecting cells that express less E-cadherin and not
with E-cadherin expression vectors. Gastric cancer cell line
MKN45 had mutated E-cadherin gene[18] and increased
expression of mRNA and protein by two-fold compared
with normal cells. Eighteen bases deletion was observed in
the junction of the 6th exon and 6th intron (-10 to +8). Its
cDNA had 12 bases deleted and corresponding protein had
four amino acids deleted. The deleted amino acids were
located between the first and second repeat domain of
extracellular portion. It was also observed in our study, in
which we found that the invasive ability of cancer cells
were enhanced after expression of mutated E-cadherin was
inhibited.
RNAi (RNA interference) is the gene-silencing technique
and has emerged recently. In RNAi, dsRNA degrades
homologous mRNA and hence blocks the expression of
corresponding gene. Although the mechanism of RNAi
remains obscure, as the simple and effective gene knockout tool, RNAi shows great value in functional genomics
study and gene therapy. Now, RNAi had been used to knock
out genes in many embryo and animal cell lines such as
Hela, HEK293, and P19 [19,20] . We effectively inhibit the
transcription of abnormal E-cadherin mRNA by using RNAi
technique in gastric cancer cell line. Mutated E-cadherin
abnormally expressed copious protein with half-life of 5 d.
So, protein levels showed no alteration on the 7th d of RNAi.
On d 10, reduced protein expression was observed. Cell
transfer study suggested that invasive ability was increased
after protein expression was downregulated.
Site for siRNA design was the hot spot of RNAi research
and every laboratory had its own scheme. Tuschl et al [21] ,
indicated that 5’ and 3’ UTRs should be avoided in designing
siRNA considering the copious protein-binding regions.
These protein and translation initiation complexes will affect
the combination between siRNA endonuclease complex and
mRNA, hence no detectable interference. dsRNA targeted
intron and promoter sequence had no interference effect
in C. elegans[22]. In plant, dsRNA targeted promoter sequence
showed specific inhibition of gene expression and induction
of methylation of sequence of interest[23]. So, the effective
application of RNAi technique in gene function study needs
further study and practice. In the current study, siRNA
targeting upstream non-coding and coding sequence of Ecadherin exhibited the satisfying interference effect. It
suggests that dsRNA targeting upstream non-coding sequence
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is capable of inhibiting gene expression. However, its effect
on DNA modification needs further study. With the
comprehension of mechanism of RNAi, it will promote
the development of functional genomics, developmental
biology and gene therapy.
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not. CHB with precore mutant may lead to more severe
hepatitis. The decreased content of CD4+ lymphocytes
and ratio of CD4+/CD8+ may be taken as one of the indices
in confirming the deficiency syndrome of CHB patients
with pre-core mutation.

Abstract

http://www.wjgnet.com/1007-9327/11/2004.asp

AIM: This study aims at exploring the distribution of TCM
syndromes in CHB patients with HBV pre-core mutation
(1896) and the relationship between pre-core mutation
and T lymphocytes subgroup, through which to provide
objective data on clinical syndrome differentiation of TCM,
and further to suggest the therapeutic principle and guide
clinical treatment.
METHODS: One hundred and forty CHB patients were
evenly divided into two study groups, HBV pre-core mutant
group and HBV pre-core wild-type group. Besides, 30 healthy
blood donors were selected as a healthy control group.
HBV-labeled compound, T lymphocytes subgroup, and
HBV-DNA pre-core mutant were tested in the study groups.
T lymphocytes subgroup were also tested in the control
group. All the patients were both diagnosed by syndrome
differentiation of TCM and western medicine.
RESULTS: The most common syndrome in mutant group
was damp-heat combined with blood stasis, and the most
common syndrome in the wild-type group was dampheat stasis in the middle-jiao. There were more cases of
medium and severe hepatitis in mutant group than that
in wild-type group. The content of CD4+ lymphocytes and
CD4+/CD8+ ratio were decreased gradually (healthy control
group>wild-type group>mutant group). In the wild-type
group, severe and medium CHB patients had considerably
lower level of them than mild CHB patients. However, in
the mutant group, the opposite result appeared. Meanwhile,
the content of HBV-DNA in mutant group was higher than
that in wild-type group.
CONCLUSION: Damp, heat, toxin and blood stasis were
the basic pathogens of CHB, whether pre-core mutant or

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
With the development of research on HBV pre-core gene
mutation (1896), it is noticed that pre-core mutant cases
were frequently encountered in clinics. One of the studies
in China showed that the rate of pre-core mutation was
56% in CHB patients with anti-HBe antibody in serum[1].
Taiwanese researchers reported a rate of 67% in CHB patients
with HBeAg-negative[2] . In a study by Japanese scholars,
the rate of pre-core mutation in 46 patients with HBsAg
and anti-HBe-positive was up to 100%[3]. One study showed
that the fibrosis state of liver in CHB patients with precore mutant was more severe when compared with those
without mutation, hence it was considered that the mutation
may be related to disease progression as well as the lack of
patients’ response to therapy[4]. Studies also found that CHB
patients without pre-core mutant strain before treatment was
more responsive to IFN-[5]. In one sequential combination
therapy, most of the patients with pre-core mutation relapsed
within 4 mo after treatment, suggesting that trials of patients
with HBeAg negative should be based on characterization
of HBV mutants[6]. Many studies supported that HBV precore mutant was closely correlated to the occurrence of severe
hepatitis and hepatocellular carcinoma (HCC)[7-10]. Moreover,
researchers have pointed out that the relapse rate was
considerably higher among patients with the pre-core
mutant than the ones with non-precore mutant after medical
operation[11]. Studies also showed that there was close
relationship between HBV pre-core mutation and severe
hepatitis in those HCC patients involved in HBV infection
during the chemo-therapy[12,13]. Among those patients with
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severe CHB, studies revealed a mutation rate as high as
88.89%, with a relatively higher content of HBV-DNA in
serum[14]. At present, much work has been done about the
study on HBV pre-core mutation, and quite many diseases
related to HBV infection were found aggravated due to
HBV pre-core mutation, which has brought a new challenge
to the prophylaxis and therapies of hepatitis B and HBVrelated diseases[15-18]. Since there is less work done on the
study of HBV pre-core gene mutation (1896) with CHB
patients in the way of TCM sciences, we made the study
on CHB patients in respect of HBV pre-core gene mutation,
syndrome types of TCM, diagnosis of western medicine,
content of HBV-DNA, T lymphocytes subgroup and virus
replication capacity. The distribution characteristics of TCM
syndromes in the patients and the pathogenesis according
to Chinese medical theories were studied so as to provide
objective data to clinical syndrome differentiation of TCM,
and further to suggest the therapeutic principle of TCM
and guide the treatment in clinic.

MATERIALS AND METHODS
Subjects
Random sampling of 70 HBV-DNA pre-core mutant
patients and 70 wild-type patients were taken as two study
groups, 30 healthy blood donors as healthy control group.
The ratio of sex, mean age and its range in three groups
were shown in Table 1. No significant difference of age
and sex was between three groups (P>0.05). In the two
study groups, the selected 140 patients were in accord with
the following criteria: (1) All the patients sought medical
advice in the TCM Department of the Third Affiliated
Hospital to Sun Yat-Sen University during the period from
February, 1999 to December, 2002; (2) patients’ western
medicine diagnosis was based on the diagnostic standards
defined by three joint committees of Chinese Medical
Association: Infectious Diseases Committee, Parasitic
Disease Committee and Hepatopathy Committee[19].
Methods and items of examination
The indicators of HBV, HBV-DNA precore mutant and
the HBV-DNA content were analyzed.
HBV-DNA content The method of fluorescence quantitative
PCR was applied in HBV-DNA content. The reagent was
provided by Da An Gene Corp Affiliated to Sun Yat-Sen
University, using USA PE5700 automatic analytical machine.
The sensitivity is 1×10 4 copy/mL. See the principle and
methods in Ref.[20].
Test of HBV-DNA pre-core mutation (1896) PCR method
was used, primer was designed by the laboratory of infection

Table 1 The cases, sex, and age of three groups
n

Ration of sex (M:F)
Mean

Range

Mutant

70

11:3

29.10±1.02

18-56

Wild-type
Healthy control

70
30

61:9
5:1

28.96±0.83
28.85±1.40

17-57.5
17-55

M: male; F: female.

department in our hospital, and synthesized by Shanghai
Biological Institute. See the principle and methods in the
reference[21].
T lymphocytes subgroup (CD4+,CD8+,CD4+/CD8+)
check up APAAP techniques[22] were employed. The reagent
was supplied by Fundamental Medicine Institution, Academy
of Military Medical Sciences.
Traditional chinese medicine differential syndromes
TCM differential syndromes referred to the viral hepatitis
diagnostic standards defined in December, 1991 by Internal
Medicine Hepatopathy Committee of Chinese Traditional
Medicine Association[23]. Patients with viral hepatitis were
accordingly, classified into five subtypes: (a) Damp heat
stasis in the middle-jiao; (b) Liver Qi stagnation and spleen
deficiency; (c) Yin deficiency of liver and kidney; (d) Blood
stasis into collateral; (e) Yang deficiency of spleen and kidney.
See the diagnostic standards in Ref.[23]. Besides, based on the
clinical manifestation, a new type of damp heat complicated
with blood stasis was added.
Statistical analysis
SPSS 11.0 statistic software was adopted in analyzing all
the materials. Different groups of variable were explored
by the method of variant analysis. When variant fluctuation
was limited, LSD method was applied, otherwise, Dunnett’s
T3 check was used.

RESULTS
Distribution of syndrome-types based on TCM and western
medical diagnosis in mutant and wild-type groups (Table 2)
Distribution of TCM syndromes was apparently different
between the two study groups (2 = 7.44, P = 0.006). The
most common syndrome in mutant group was damp-heat
combined with blood stasis (n = 25), and the most common
syndrome in the wild-type group was damp-heat stasis in
the middle-jiao (n = 36). There was no significant difference
in the other syndromes. The cases including medium and
severe hepatitis were 29 in wild-type group, however, which
were up to 47 in mutant group (P = 0.004).

Table 2 Distribution of syndrome-types based on TCM in mutant
and wild-type groups
Pre-core mutant
Subtype
-

+

DHSM

36

17

LSSD

7

12

YDLK

7

5

BSIC

4

7

DHBS

11

25

YDSK
Age (yr)

2005

5

4

Mild hepatitis

41

23

Medium hepatitis

22

39

7

8

Severe hepatitis

DHSM: damp-heat stasis in the middle-jiao LSSD: liver Qi stagnation and
spleen deficiency YDLK: Yin deficiency of liver and kidney BSIC: blood stasis
into collateral DHBS: damp heat complicated with blood stasis YDSK: Yang
deficiency of spleen and kidney.
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T lymphocytes subgroup and HBV-DNA
The content of CD4+ lymphocytes and the ratio of CD4+/
CD8+ in mutant group were less than that in wild-type group
(P<0.05) and the control group (P<0.01). The content of
HBV-DNA in mutant group was higher than that in wildtype group (P<0.05) (Table 3).
T lymphocytes subgroup comparison in wild-type group itself
(Figure 1)
The content of CD4+ lymphocytes and the ratio of CD4+/
CD8+ in mild and medium hepatitis were significantly higher
than that in severe hepatitis (P<0.001). No significant statistical
difference in CD8+ lymphocytes (P>0.05) was found.
T lymphocytes subgroup comparison in mutant group itself
(Figure 2)
Figure 2 showed that on the contrary of the wild-type group,
the content of CD4+ lymphocytes and the ratio of CD4+/
CD8+ in medium and severe hepatitis were significantly higher
than that in mild hepatitis (P<0.001). No significant statistic
difference in CD8+ lymphocytes (P>0.05) was found.
Comparison of DNA content in mutant group and wild-type
group (Table 4)
Although mutant group had a relatively stronger HBV-DNA
copy capability than wild-type group, there was no significant
difference between the two groups according to the severity
of hepatitis (P>0.05) (Table 4).

DISCUSSION
Numerous studies on HBV precore mutation are being made
in the way of modern medicine. It has been found that the
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Figure 1 T lymphocytes subgroup comparison in wild-type group itself.
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Figure 2 T lymphocytes subgroup comparison in mutant group itself.
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patients with HBV precore mutation are subjected to develop
not only severe hepatitis but also HCC[3,24-26]. Therefore when
doctors treat these patients, they should pay attention to
more questions. It is considered in modern medical sciences
that HBV precore mutation is mainly caused by high immune
pressure of human organism. The HBV are not eliminated
but continue to reduplicate through mutation and evasion
of the distinction of host immune system. In traditional
Chinese medicine, HBV are regarded as a mixture of damp,
heat and toxin, which restrains Yang Qi, goes deeply into
the blood, internal organs and collaterals. A disease caused
by these pathogens has usually a long course and is often
lingering and difficult to cure. Therefore, damp, heat, and
toxin are the basic pathogens and exist during the whole
development course of CHB. Our study showed that, in
the mutant group, damp-heat combined with blood stasis
was mostly often seen, followed by damp-heat stasis in the
middle-jiao. These two syndromes occupied 67% (47/70)
of the total cases in this group. These two syndromes also
occupied 60% (42/70) of the total cases in wild-type group.
So, our study showed that damp, heat, toxin and blood stasis
were the basic pathogenic factors of CHB, whether pre-core
mutant or not. According to the western medical diagnosis of
two study groups, our study found that there was close relationship
between pre-core mutant and the severity of hepatitis, just
like quite other studies that had already reported[4,11,14]. These
patients usually had a long course and presented hypochondriac
pain, jaundice, dark urine, loose stool, etc. Therefore, we
consider that the nature of damp, heat, toxin and blood
stasis does not change though with HBV mutant, and the
mutation is possibly the result of the conflict of antipathogenic
Qi and pathogenic Qi.
Concerning the question of why hepatitis B could easily
turn into CHB, most of the researchers believe that it is
because of the host’s immune malfunction and partial or full
immunologic tolerance to various HBV antigens. Therefore,
T lymphocytes play a very important role in the process of
HBV chronic infection. CD4+ cells and CD8+ cells are a
main part in the T lymphocytes subgroup. Under normal
conditions, they are in a state of balance. If the balance is
broken, it will lead to cell immunopotency decrease, immune
regulation dysfunction, and consequently, HBV chronic
infection. In severe hepatitis-B, the infective rate of HBV
mutant strain was high. The mutant strain induces more
severe immune disorders in host, resulting in the release of
cytokines, so liver damage is more prominent[13]. Studies in
modern TCM clinical treatment support that the cellular
immune function of human body accord with “antipathogenic
Qi”. The “coexistence of weakened antipathogenic Qi and
excessive pathogenic Qi” is one of the manifestations of
decreased cellular functionality. Vigorous antipathogenic Qi
results in a more intense conflict between the two Qi, and a
more violent immune reaction which explains the formation
of acute disease. On the other hand, deficient antipathogenic
Qi and decreased immune functionality cause the disease
prolonged uncured and turned to be chronic and lingering.
Da and Chen [27] classified CHB patients as deficiency
syndrome, excess syndrome and deficiency complicated with
excess syndrome. He made a comparison among the three
syndromes in respect of cellular immune functionality.
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Table 3 Variant analysis between three groups and Dunnett-t test

CD4+

CD8+

CD4+/CD8+

DNA

Groups

Cases

Control group

30

Wild-type group

70

mean±SD
38.27±4.00
29.9±6.14a,b

Mutant group

70

28.69±5.38b

Control group

30

23.9±2.96

Wild-type group

70

22.4±4.60

Mutant group

70

23.53±4.80

Control group

30

1.59±0.163

Wild-type group

70

1.36±0.31a,b

Mutant group

70

1.26±0.28b

Wild-type group

70

4.94±1.16a

Mutant group

70

5.89±1.88

One-way ANOVA variant analysis was made between the three groups. During
Dunnett-t test control group was taken as object group, other groups comparing
with the object group. aP<0.05 Comparison between two study groups, bP<0.01
comparison made to control group.

Table 4 Comparison of DNA content in mutant group and wild-type
group
mean±SD
Mutant group

Mild

5.934±1.936

Medium
Severe

5.558±1.687
6.661±2.128

Wild-type group Mild

4.664±1.1361

Medium

4.999±1.196

Severe

5.445±0.975

Results showed a significantly higher content of CD4+
lymphocytes and CD8+ lymphocytes in excess syndrome
group, but there was no significant difference between
deficient and excess groups in contrast with the deficiency
complicated with excess syndrome group, suggesting a
possibly lowered functional level of the assistant T
lymphocytes in deficiency syndrome and a predominant
immune reaction depending on the cytotoxic T lymphocytes
in excess syndrome. Numerous research have showed that
the content of CD4+ lymphocytes and the ratio of CD4+/
CD8+ could be greatly increased by strengthening
antipathogenic Qi of the CHB patients. Zhang et al [28],
prescribed Ginseng-Astraglus Four Ingredients Decoction
to cure CHB patients, which significantly increased the
content of CD4+ lymphocytes and the ratio of CD4+/
CD8+. He pointed out that the CHB patients could be
differentiated as blood deficiency syndrome and treated with
Chinese herbs functioning in supplementing antipathogenic
Qi and blood. Our research demonstrated considerably
higher content of CD4+ lymphocytes and ratio of CD4+/
CD8+ in control group than that in two study groups,
which was in line with most of the document reported.
Low content of CD4+ lymphocytes and ratio of CD4+/
CD8+ of the CHB patients was regarded as one of the
indices of deficiency syndrome. Lack of antipathogenic Qi
is the essential reason of human disease. Cite the chapter
“Discussion on Acupuncture Method” in plain question:
“Pathogenic Qi is difficult to invade if antipathogenic Qi is
sufficient in human body”. Only when antipathogenic Qi is
relatively weak and unable to defeat pathogenic Qi, the
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invasion of pathogenic Qi becomes possible, which leads
not only to the imbalance of Yin and Yang but also the
dysfunction of viscera and meridians, consequently, the
occurrence of diseases. For the CHB patients with precore mutation, antipathogenic Qi is not strong enough to
fight against pathogenic Qi, so that HBV could evade immune
attack through mutating and is not eliminated in time and
its reduplication multiplies, which can explain why HBVDNA content is higher in pre-core mutant positive group
than in negative group. Meanwhile, the intensity of the conflict
of the antipathogenic Qi and the pathogenic Qi, together
with the power of antipathogenic Qi, determines the state
of patients’ condition. The more intense the fight, the
stronger the immune system reacts, and the liver cells are
greatly damaged. During this stage, the excess syndrome is
predominant and vice versa. With long-term conflict between
the antipathogenic Qi and the pathogenic Qi, the antipathogenic
Qi becomes weaker and weaker, which can explain why the
content of CD4+ lymphocytes and the ratio of CD4+/
CD8+ in the mutant group was less than that in the wildtype group. For CHB patients with precore mutation, it is
the common case that the weakness of antipathogenic Qi
and the vigor of pathogenic Qi gradually develop into blood
stasis, even liver cirrhosis and HCC come into existence.
Added with the imbalance of the seven emotional factors
(joy, anger, melancholy, brooding, sorrow, fear and shock)
and the imbalanced daily regimen, patients’ condition will
soon deteriorate if no prompt medical treatment or erroneous
treatment is given. It may explain why the patients with
severe hepatitis is more often seen in those patients with
precore mutation. Therefore, we consider that those patients
with precore mutation should be differentiated as deficiency
complicated with excess syndrome. Because of the coexistence
of weakened antipathogenic Qi and excessive pathogenic
Qi, HBV can evade from immune through mutation and
the HBV reduplication capacity becomes vigorous, which
result in disease lingering. When patients’ condition is in the
mild stage, the syndrome of deficiency complicated with
excess should be considered, while in severe stage, excess
syndrome manifested should be focused on. Clinical treatment
should rely on the indices of CD4+ and CD4+/CD8+,
strengthening antipathogenic Qi and eliminating pathogenic
factors according to the state of the patients. Attentively,
tonic herbs should not be misused, which may aggravate
patients’ condition.
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Abstract
AIM: For patients of periampullary carcinoma found to
be unresectable at the time of laparotomy, surgical
palliation is the primary choice of treatment. Satisfactory
palliation to maximize the quality of life with low morbidity
and mortality is the gold standard for a good procedure.
Our aim is to explore such a procedure as an alternative
to the traditional ones.
METHODS: A modified double-bypass procedure is
performed by, in addition to the usual gastrojejunostomy,
implanting a mushroom catheter from the gall bladder
into the jejunum through the interposed stomach as an
internal drainage. A retrospective review was performed
including 22 patients with incurable periampullary
carcinomas who underwent this surgery.
RESULTS: Both jaundice and impaired liver function
improved significantly after surgery. No postoperative
deaths, cholangitis, gastrojejunal, biliary anastomotic
leaks, recurrent jaundice or late gastric outlet obstruction
occurred. Delayed gastric emptying occurred in two
patients. The total surgical time was 150±26 min. The
estimated blood loss was 160±25 mL. The mean length
of hospital stay after surgery was 22±6 d. The mean
survival was 8 mo (range 1.5-18 mo).
CONCLUSION: In patients of unresectable periampullary
malignancies, stomach-interposed cholecystogastrojejunostomy is a safe, simple and efficient technique for
palliation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Malignant tumor of the periampullary region remains a
disease with a grim prognosis. Despite great improvements
in imaging and diagnostic techniques, the majority of patients
with periampullary carcinoma are not resectable for potential
cure at initial diagnosis. Therefore, the palliation of symptoms
to maximize the quality of life remains an important primary
component in the management of the disease. Palliation of
patients with periampullary carcinoma is principally directed
at three major symptoms: obstructive jaundice, duodenal/gastric
outlet obstruction, and tumor-associated pain. Currently, both
operative and nonoperative modalities are available to provide
optimal palliation of symptoms. The management of most
patients with periampullary carcinoma can be tailored to best
suit the patients’ individual clinical presentation, overall medical
condition, prognosis, and even economic status. Appropriate
palliative surgical management is indicated in patients found to
be unresectable at the time of laparotomy or those whose
symptoms are not amenable to current nonoperative
palliative techniques. Furthermore, operative palliation
should also be considered in patients with high operative
risks, even if technically the tumor might be resectable.
For those patients with duodenal obstruction at the time
of presentation, surgical gastroenterotomy is currently the
most commonly utilized option. For those with obstructive
jaundice alone, the options for management must be weighed
against factors such as the patient’s overall health status,
projected survival, and the procedure-related morbidity and
mortality. Beginning in 1997, we adopted a modified doublebypass as palliative modality in the periampullary cancer
patients who were not qualified for curative resection and
the life expectancy of whom were less than one year. This
surgery, which we call “stomach-interposed cholecystogastrojejunostomy” is simple in manipulation, takes little time,
does not increase the operative morbidity or mortality, and
improves the overall well-being of patients.
MATERIALS AND METHODS
Patients
Clinical records of 22 patients with unresectable periampullary
malignancies who underwent stomach-interposed cholecystogastrojejunostomy between June 1997 and February 2004
in Beijing Cancer Hospital were retrospectively reviewed.
Seventeen patients were men. The mean age was 63 years
(range 52-76 years). The diagnosis of periampullary
malignancies included lesions in the head of the pancreas,
ampulla of Vater, distal bile duct and duodenum. Diagnosis
was made based on the preoperative radiologic and/or
endoscopic studies, as well as intraoperative findings. Not
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all were histologically confirmed. Follow-up information was
completed through July 2004 on all patients based on direct
patients contact, contact with their families or hospital
records. Survival information was available for all 22 patients.
In this series, no ne of the patients had abdominal/back
pain or radiographic evidence of duodenal obstruction before
surgery. Obstructive jaundice was found in all patients.
Elevated levels of serum transaminases (SGPT and SGOT)
were found in 15 patients. Based on the preoperative evaluation
and surgical findings, 16 patients were thought to have
tumors arising in the head of pancreas. The most common
reason for unresectability at the time of laparotomy was
local invasion or liver and peritoneal metastasis, which were
present in 14 and 6 patients, respectively.
Surgical technique
After the peritoneal cavity has been explored and the tumor
is determined to be unresectable, the patency of the cystic
duct and its relationship to the tumor are assessed to make
sure that the cystic duct is patent and will remain so for a
reasonable length of time. The assessment could be made
directly by dissecting the cystic duct and the common bile
duct, or by intraoperative cholangiography. Place a circular
purse-string suture of 1.5 cm diameter on the fundus of
the gall bladder, make a stab wound in the center of the
purse-string suture with the electrocautery and insert a
mushroom catheter of appropriate size (20-22 F) into the
gall bladder. The purse-string suture is then tied snugly
around the catheter. Another purse-string suture is made
on the anterior wall of the stomach, a second stab wound is
created in the center of it and the catheter is passed into
the stomach. The suture is then tightened. To complete the
cholecystogastrostomy, the seromuscular layer of the
stomach is approximated to the fundus of the gall bladder
with interrupted sutures of 3-0 silk close to the purse-string
suture. An antecolic side-to-side gastrojejunostomy is made
on the great curvature of the most dependent portion of
the stomach. A Braun jejunojejunostomy is performed
between the afferent and efferent loops of the jejunum.
Therefore, it is important that the afferent loop should not be
too short. The mushroom catheter is then introduced into the
efferent loop through the gastrojejunostomy, leaving its opposite
end below the enteroanastomosis. The abdomen is closed
without drains. All procedures are demonstrated in Figure 1.

Figure 1 Stomach-interposed cholecystogastrojejunostomy. In addition to the usual gastrojejunostomy, a mushroom catheter is implanted as an internal drainage from the gall bladder into the jejunum via the interposed stomach.
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Postoperative management
According to the general principles of surgical and supportive
care, the standard postoperative treatment included
hemodynamic monitoring with a central venous catheter,
urinary catheter, fluid balance and adequate replacement
of electrolytes. The nasogastric tube was removed when
flatus has been expelled. Perioperative parenteral antibiotics
were administered to all patients, and postoperative epidural
analgesics were administered as needed. Patients were given
nothing by mouth for the first 48 h after surgery. Some of
the patients received early parenteral nutrition through a
feeding jejunostomy tube. Follow-up after discharge was
done every month for the first 6 mo, and then as needed
based on the condition of patients.

RESULTS
A remarkable alleviation of jaundice was seen in all patients,
and improvements in serum transaminase levels were noticed
in all who had elevated liver enzymes before surgery. No
postoperative hospital deaths or deaths within the first 30 d
occurred after surgery. No postoperative cholangitis occurred.
Delayed gastric emptying, defined as 10 d or more of
nasogastric suction or persistent vomiting requiring
reinsertion of the nasogastric tube, was found in five patients.
Both responded to a period of nasogastric suction. There were
no cases of postoperative gastrojejunal or biliary anastomotic
leaks. None of the patients developed recurrent jaundice.
The total surgical time was 150±26 min. The estimated
blood loss was 160±25 mL. The mean length of hospital
stay after surgery was 22±6 d. The median survival of the
group was 8 mo (range 1.5 to 18 mo), no catheter-related
problems occurred in any patients. Three patients reported
back pain at the time of the 4 th, 6 th and 9 th month after
operation respectively, all were controlled very well by
celiac axis block guided by ultrasound. During the follow-up
period, none of the patients developed late gastric outlet
obstruction before death.
DISCUSSION
Although great improvement has been achieved in surgical
as well as nonoperative techniques, the overall prognosis
for patients with periampullary malignancies remains poor.
Palliation of symptoms remains a cornerstone of therapy
for these patients. The goal of palliation therapy lies in two
points, i.e., to prolong life by relieving life threatening biliary
and/or duodenum obstruction and to improve the quality
of life by eliminating intractable pruritus associated with
jaundice, persistent nausea and vomiting due to duodenal
obstruction, and also intractable pain related to the extensive
tumor involvement of the celiac nerves. Due to the limited
survival time of these patients and their susceptibility to
major postoperative complications, the operative procedure
should provide maximum benefit with minimal risk of
complications.
Significant advances have been made in nonoperative
palliation of periampullary cancer in recent years [1-6].
Percutaneous and endoscopic palliation of obstructive
jaundice can provide biliary tract decompression with lower
early morbidity than open biliary bypass [3,5,7]. Metallic
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expandable stents can now be used to palliate the obstruction
of either the bile duct or the duodenum[3,4,8,9]. Many reports
have described the laparoscopic techniques for bypass of
the obstructed duodenum and/or biliary tract[2,8,10]. However,
laparotomy performed for determination of resectability
also offers the opportunity to provide long-term palliation
of biliary obstruction, duodenal obstruction and intractable
pain. The long term success of palliation was confirmed in
our series.
There is still a controversy surrounding performing
the double-bypass in patients without gastric outlet
obstruction[11-13]. However, more and more reports support
the prophylactic measures for potential gastric outlet
obstruction in the future[14-17] . Although the number of
patients in our series is not statistically large, it confirms
that if both the surgical procedure and the patients are
properly selected, satisfactory palliation can be achieved
without sacrificing increases in morbidity and mortality.
Usually, the gall bladder cannot be anastomosed with
the stomach directly, due to heavy alkaline erosive gastritis
and cholecystitis shortly after the surgery. Both of which
can be lethally severe. Traditionally, a combined biliary bypass
and gastrojejunostomy through a Roux-en-Y limb is
constructed for palliation of inoperable periampullary cancer
patients. This procedure usually takes about 4.6 h with the
mean estimated introoperative blood loss of 300 mL[18].
Use of the gall bladder for biliary decompression in
periampullary malignancies, there is concern that the
primary malignant neoplasm relentlessly creeps upward, by
direct extension, along and around the common bile duct
to obstruct the gastric duct. Sarfeh et al, reported that
choledochoenterotomy is a significantly more effective
method of palliation than the use of gall bladder and should
be the procedure of choice. In the 31 randomized patients,
seven bypass failed after the use of gall bladder, while only
two failed using the bile duct (P<0.04). Prior to death, 47%
of cholecystojejunostomies failed[19]. On the basis of these
data, many authors have preferred the routine use of the
common bile duct for palliative biliary drainage. Unfortunately,
in all these reports, no uniform evaluation of cystic duct
patency was obtained and no explanation was offered
regarding the selection of patients or choice of biliary
drainage. When gall bladder is considered in biliary
decompression, the most important factors in determining
the drainage result are the level of entry of the cystic duct
and its relationship to the obstructing tumor. Although the
cystic duct may be patent at the time of surgery, there is a
risk of occlusion by advancing tumor and early recurrent
jaundice. It is therefore prudent to demonstrate not only
patency of the cystic duct but also an adequate distance
between its point of entry and the level of obstruction
before embarking upon the procedure. No clear guidelines
exist for the safe distance between the entry of cystic duct
and the tumor, but a 2-3 cm gap seems reasonable[20] . If
the cystic duct is not patent or entry is close to the neoplasm,
the common bile duct should be used for decompression
and the technique described in this article is not feasible. In
evaluating over than 60 published series, Sarr and Cameron
did not find any clear advantage of choledochojejunostomy
over cholecystojejunostomy[21]. It is likely that the injudicious
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use of the gall bladder is largely responsible for the poor
results of cholecystojejunostomy. Nevertheless, our series
showed that the use of gall bladder for palliative biliary
drainage is easy to access, quicker to perform, associated
with less blood loss and satisfactory palliation, provided that
the cystic duct patency has been properly demonstrated.
However, when prolonged survival is anticipated, common
bile duct drainage is preferable.
This original technique of double-bypass actually has
only two true anastomoses, i.e., a gastrojejunostomy and a
jejunojejunostomy. Bile is drained into the jejunum through
an internally implanted mushroom catheter, which simplifies
the usually high skill-requiring, time-consuming, and leakrisk bilioenterostomy into a catheter implantation
procedure. This modality greatly decreases the occurrence
of postoperative cholangitis, and should also reduce the
chance of bile leak. On the other hand, the risks of stomal
ulceration and the bile reflux are also lowered. A further
merit of the procedure is that no Roux-en-Y limb is required,
so no mesenteric dissection is needed. This will greatly
shorten the surgery time, decrease the chance of bleeding,
as well as reduce postoperative complications. All of which
will be of significant benefits for the postoperative recovery
process.
Traditionally, gastrojejunal anastomoses have been placed
on the posterior wall of the stomach to improve drainage.
However, posterior drainage is dependent drainage only
when the patient is lying flat in bed on his or her back. It is
questionable whether the average patient spends enough
hours in this position to warrant the additional difficulty
and time of placing the gastrojejunostomy in a posterior
location, especially when the patient is at high operative
risk. On the other hand, a posterior gastrojejunostomy
increases the possibility of subsequent infiltration by tumor.
Therefore we prefer to perform an anterior gastrojejunostomy
along the great curvature of the antrum located not more
than 5-7 cm from the pylorus. The reasons for the construction
of the Braun enteroanastomosis include prevention of the
afferent loop syndrome, and minimization of bile reflux to
the stomach.
We do not routinely perform chemical splanchnicectomy
in patients without preoperative complaint at the time of
laparotomy. This procedure takes time, demands further
dissection, and more importantly, the effects of chemical
splanchnicectomy are usually not permanent [22]. Most
patients who develop postoperative abdominal/back pain
respond well to percutaneous celiac axis blocks under the
guidance of ultrasound or CT[23].
In conclusion, for patients with unresectable periampullary
malignancies, stomach-interposed cholecystogastrojejunostomy
is a safe, simple and efficient technique with satisfactory
palliation.

REFERENCES
1

2

Schwarz A, Beger HG. Biliary and gastric bypass or stenting
in nonresectable periampullary cancer: analysis on the basis
of controlled trials. Int J Pancreatol 2000; 27: 51-58
Holzman MD, Reintgen KL, Tyler DS, Pappas TN. The role
of laparoscopy in the management of suspected pancreatic
and periampullary malignancies. J Gastrointest Surg 1997; 1:

2012

3

4

5

6

7

8

9
10

11

12

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

236-243; discussion 243-244
van den Bosch RP, van der Schelling GP, Klinkenbijl JH, Mulder
PG, van Blankenstein M, Jeekel J. Guidelines for the application of surgery and endoprostheses in the palliation of obstructive jaundice in advanced cancer of the pancreas. Ann
Surg 1994; 219: 18-24
Cheng JL, Bruno MJ, Bergman JJ, Rauws EA, Tytgat GN,
Huibregtse K. Endoscopic palliation of patients with biliary
obstruction caused by nonresectable hilar cholangiocarcinoma:
efficacy of self-expandable metallic Wallstents. Gastrointest
Endosc 2002; 56: 33-39
Ferlitsch A, Oesterreicher C, Dumonceau JM, Deviere J, Leban
T, Born P, Rosch T, Suter W, Binek J, Meyenberger C, Mullner
M, Schneider B, Schofl R. Diamond stents for palliation of
malignant bile duct obstruction: a prospective multicenter
evaluation. Endoscopy 2001; 33: 645-650
Zoepf T, Jakobs R, Arnold JC, Apel D, Rosenbaum A, Riemann JF. Photodynamic therapy for palliation of nonresectable
bile duct cancer-preliminary results with a new diode laser
system. Am J Gastroenterol 2001; 96: 2093-2097
Andersen JR, Sorensen SM, Kruse A, Rokkjaer M, Matzen P.
Randomised trial of endoscopic endoprosthesis versus operative bypass in malignant obstructive jaundice. Gut 1989;
30: 1132-1135
Arguedas MR, Heudebert GH, Stinnett AA, Wilcox CM. Biliary stents in malignant obstructive jaundice due to pancreatic carcinoma: a cost-effectiveness analysis. Am J Gastroenterol
2002; 97: 898-904
Spitz JD, Arregui ME. Endoscopic palliation for pancreatic cancer with expandable metal stents. Surg Endosc 2000; 14: 502
Bruha R, Petrtyl J, Kubecova M, Marecek Z, Dufek V, Urbanek
P, Kodadova J, Chodounsky Z. Intraluminal brachytherapy
and selfexpandable stents in nonresectable biliary malignancies-the question of long-term palliation. Hepatogastroenterology
2001; 48: 631-637
Jacobs PP, van der Sluis RF, Wobbes T. Role of gastroenterostomy in the palliative surgical treatment of pancreatic cancer.
J Surg Oncol 1989; 42: 145-149
We a ve r DW, Wi en c ek RG , Bou w m a n D L , W a l t A J.

13

14

15

16

17

18

19

20
21
22

23

April 7, 2005

Volume 11

Number 13

Gastrojejunostomy: is it helpful for patients with pancreatic
cancer? Surgery 1987; 102: 608-613
Egrari S, O’Connell TX. Role of prophylactic gastroenterostomy for unresectable pancreatic carcinoma. Am Surg 1995;
61: 862–864
Lillemoe KD, Cameron JL, Hardacre JM, Sohn TA, Sauter
PK, Coleman J, Pitt HA, Yeo CJ. Is prophylactic gastrojejunostomy indicated for unresectable periampullary cancer? A
prospective randomized trial. Ann Surg 1999; 230: 322-328;
discussion 328-330
Shyr YM, Su CH, Wu CW, Lui WY. Prospective study of
gastric outlet obstruction in unresectable periampullary
adenocarcinoma. World J Surg 2000; 24: 60-64; discussion 6465
van Heek NT, van Geenen RC, Busch OR, Gouma DJ. Palliative treatment in “peri”-pancreatic carcinoma: stenting or
surgical therapy? Acta Gastroenterol Belg 2002; 65: 171-175
Van Heek NT, De Castro SM, van Eijck CH, van Geenen RC,
Hesselink EJ, Breslau PJ, Tran TC, Kazemier G, Visser MR,
Busch OR, Obertop H, Gouma DJ. The need for a prophylactic gastrojejunostomy for unresectable periampullary cancer:
a prospective randomized multicenter trial with special focus on assessment of quality of life. Ann Surg 2003; 238:
894-902; discussion 902-905
Sohn TA, Lillemoe KD, Cameron JL, Huang JJ, Pitt HA, Yeo
CJ. Surgical palliation of unresectable periampullary adenocarcinoma in the 1990 s. J Am Coll Surg 1999; 188: 658-666;
discussion 666-669
Sarfeh IJ, Rypins EB, Jakowatz JG, Juler GL. A prospective,
randomized clinical investigation of cholecystoenterostomy
and choledochoenterostomy. Am J Surg 1988;155: 411-414
Singh SM, Reber HA. Surgical palliation for pancreatic cancer.
Surg Clin North Am 1989; 69: 599-611
Sarr MG, Cameron JL. Surgical palliation of unresectable
carcinoma of the pancreas. World J Surg 1984; 8: 906-918
Lillemoe KD, Cameron JL, Kaufman HS, Yeo CJ, Pitt HA,
Sauter PK. Chemical splanchnicectomy in patients with
unresectable pancreatic cancer. A prospective randomized
trial. Ann Surg 1993; 217: 447-455; discussion 456-457
Chen M, Hao C, Zhang H. Analgesic effect of neurolytic
celiac plexus block guided by ultrasonography in advanced
malignancies. Zhonghua Yixue Zazhi 2001; 81: 418-421
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(13):2013-2015
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Liver fibrosis caused by choledocholith to regress after biliary
drainage
Zuo-Bing Chen, Shu-Sen Zheng, Guo-Zhi Hu, Yuan Gao, Chen-Yan Ding, Yun Zhang, Xue-Hong Zhao, Lin-Mei Ni
Zuo-Bing Chen, Shu-Sen Zheng, Yuan Gao, Chen-Yan Ding,
Yun Zhang, Xue-Hong Zhao, Lin-Mei Ni, Department of Surgery,
First Affiliated Hospital, Zhejiang University School of Medicine,
Hangzhou 310003, Zhejiang Province, China
Guo-Zhi Hu, Department of Surgery, Zhuji County Peoples’
Hospital, Zhuji 311800, Zhejiang Province, China
Correspondence to: Zuo-Bing Chen, MD., Department of Emergency
Surgery, First Affiliated Hospital, Zhejiang University School of
Medicine, 79 Qing-chun Road, Hangzhou 310003, Zhejiang Province,
China. chenzuobing@hotmail.com
Telephone: +86-571-87236303
Received: 2004-11-08 Accepted: 2004-12-03

Abstract
AIM: To study the correlation between liver fibrosis severity
and biliary drainage in patients with choledocholith.
METHODS: A follow-up study on seven patients with liver
fibrosis due to choledocholith was made. The data, including
biochemical tests (aspartate aminotransferase, alanine
aminotransferase) and liver histological features before
and after biliary drainage, were collected and studied. The
fibrosis severity was scored on a scale from 0 to 3, with 0
denoting none, 1 portal and periportal fibrosis, 2 the
presence of numerous fiber septa, and 3 cirrhosis. The
average liver fibrosis severity scores of the first and second
biopsy were compared with statistical method.
RESULTS: The first, second liver fibrosis severity scores
of these seven patients were 2,1; 2,1; 1,0; 1,1; 2,1; 2,1;
1,0 respectively. The results showed that the average
liver fibrosis severity score of the second liver biopsy
decreased significantly compared with the first liver biopsy
(n = 7, t = 4.25, P<0.05).
CONCLUSION: Liver fibrosis due to choledocholith may
regress after biliary drainage.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Choledocholith is prevalent in southeast Asia and presents

a difficult management problem. The morbidity rate of
choledocholith is about 3.2%[1] . However, few cases of
choledocholith can lead to liver fibrosis and portal vein
hypertension. Seldom reports on the patients with liver
fibrosis and portal vein hypertension due to choledocholith
are found.
Although, regression of liver fibrosis has been observed
after treatment with interferon alpha in patients with
chronic hepatitis C, liver fibrosis is usually considered an
irreversible process, even when the underlying cause is
treated or removed[2]. The exact mechanism is still uncertain.
Study in rats showed that liver fibrosis due to chronic
obstruction of the biliary duct may regress after the
obstruction has been removed[3]. It still remains unknown
whether it will happen in human beings too.

MATERIALS AND METHODS
Patients
Data from a series of eight patients with liver fibrosis due
to choledocholith were collected retrospectively from 1988
to 2004. These eight patients were chosen according to the
standards followed: (1) with liver fibrosis caused by definite
choledocholith reason, excluding virus infection, alcohol or
other reasons; (2) with biliary drainage surgery procedure
history; (3) with two liver biopsies before and after operation.
Three patients accepted second liver biopsy during reoperation for some reasons, such as tumor of stomach,
intestine, and abdominal trauma. The other five patients
that suffered from repeated right-upper abdominal pain or
unknown higher level of aspartate aminotransferase (AST),
alanine aminotransferase (ALT), accepted second biopsy for
the sake of diagnosis.
The age of these seven patients, including male five,
female two, ranged from 25 to 56 years, and the median
age was 42.3 years. After the biliary drainage procedure,
nearly all patients recovered well except one that suffered
from post-operation abdominal cavity infection. No death
case was found. The median interval between the first and
second histological examination was about 7.6 mo (ranging
from 3.5 to 35.6 mo).
Study design and study subjects
All these eight patients accepted biliary drainage procedure
and two liver biopsies. These liver tissues were fixed in 40 g/L
formaldehyde and stained with HE. The fibrosis severity
was evaluated by pathologists that were unaware of the
clinical data. According to its histological feature, the fibrosis
severity was scored on a scale from 0 to 3, with 0 denoting
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none, 1 portal and periportal fibrosis, 2 the presence of
numerous fiber septa, and 3 cirrhosis[4].
Statistical analysis
The data were expressed as mean±SD. These data were
analyzed with SPSS.11.0 statistical software. The comparison
of two groups dealt with t test. Probabilities less than 0.05
were considered significant.

RESULTS
The data of biochemical tests (including AST, ALT) were
collected, the liver fibrosis severity score was evaluated
(Tables 1 and 2). The histological features before and after
biliary drainage of one and the same patient were presented
(Figures 1 and 2). The results showed that the average liver
fibrosis severity score of the second liver biopsy decreased
significantly compared with that of the first liver biopsy
(n = 7, t = 4.25, P<0.05).
DISCUSSION
Although choledocholith is not a rare disease in some Asian
countries, it hardly led to liver fibrosis[5]. Most of these
patients with liver fibrosis due to choledocholith suffered
from repeated right-upper abdominal pain or jaundice. The
end term of this disease presents with poor nutrition, ascites,
esophageal varices. There are many means, which are
proposed to diagnose this disease, but the most effective is
liver biopsy[6].
Animal models have provided much information about
the structure and function of the liver in chronic biliary
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obstruction due to choledocholith. Biliary cirrhosis was
found in all surviving rats with biliary duct obstruction for
4 wk, and the change of improved hepatic function and
the reversal of portal hypertension could be found about
3 wk after decompression operation[7,8]. In another study,
the result showed that relief of obstruction after 14 d could
lead to normalization of portal pressure and hepatic venous
wedge pressure[9].
There are many theories on how biliary duct obstruction
caused liver fibrosis. Liver fibrosis is a highly dynamic
process in which multiple genes interact with environmental
factors. Recent human epidemiologic studies have identified
possible polymorphisms in a number of candidate genes
that influence the progression of liver fibrosis[10]. The current
study has revealed the critical role of P-selectin in the
progression of chronic liver fibrosis caused by schistosome
parasites[11].
However, few reports on the correlation between liver
fibrosis severity and biliary drainage procedure are found.
In a study, biliary decompression seemed to alleviate liver
cirrhosis and portal hypertension, which were caused by
obstruction of the biliary duct[12]. Some causes of chronic
obstruction of the biliary duct (ampullary tumors) are rare
or are associated with a poor prognosis (pancreatic
adenocarcinoma), with death occurring shortly after the
biliary drainage procedure. So patients with obstruction of

Table 1 Results of biochemical tests and histological features of
first, second liver biopsies
Patient
No.

Interval between
biopsies (mo)

AST
(U/L)

ALT
(U/L)

1

6.2

302

120

26

25

1

405

256

2

12

32

1

236

32

1

120

25

0

65

1

2
3

12.5
11.2

Grade of
fibrosis
2

4

48.6

125
31

23

1

5

58.3

365

256

2

65

68

1

6

29.6

635

486

2

252

252

1

7

44.3

295

253

1

112

98

0

Figure 1 Histological feature of liver before biliary decompression
(HE, ×70). The structure of the interlobular biliary duct disappear,
infiltrated with lymphocytes and neutrophil. Liver lobular is surrounded
by dense fibrosis, with the presence of septa.

Table 2 The comparison of liver fibrosis grades of first, second
biopsies
Biopsy

Liver fibrosis grade
0

1

2

The first biopsy

0

3

4

The second biopsy

2

5

0

Figure 2 Histological feature of liver after biliary decompression
of same patient (HE, ×70). The structure of the interlobular biliary
duct is still preserved. The infiltration with lymphocytes and neutrophil
decreases.

Chen ZB et al. Regression of liver fibrosis after biliary drainage in patients with choledocholith

the biliary duct due to choledocholith provide a unique
opportunity to study the correlation between liver fibrosis
and biliary decompression. Histological examination is very
essential for both diagnosis and treatment purpose.
The results of our study showed that secondary biliary
fibrosis due to choledocholith may regress after biliary
decompression. Since it would be unethical to perform a
second liver histological examination without clinical reasons,
there were just only seven patients that accepted the second
liver biopsy in our study. However, the main defect of our
study was selection bias due to few case number and limited
clinical data.
Based on the clinical research, we can conclude that the
liver fibrosis due to choledocholith may regress after the
biliary drainage procedure. Since this disease often presents
a very difficult problem for surgeons, many patients have
to accept more than a single biliary drainage procedure.
However, the mortality rate is high, ranging from 20% to
40%, due to poor conditions of these patients. How and
when to perform the operation for this disease always is a
challenge for all surgeons. Considering our conclusion, it
may suggest that the operation for choledocholith should
be performed as soon as possible. Since the liver fibrosis due
to choledocholith may regress after biliary decompression, it
may also be suggested that we could use a single operation
(just remove the stone and build well drainage) instead of
so-called radical operation (hepatectomy, splenectomy or
devascularization), except which is very essential in some
cases, such as accompanied with the bleeding of varice vein
or liver lobe infection.
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Abstract
AIM: To investigate the effects of psychological stress on
small intestinal motility and bacteria and mucosa in mice,
and to explore the relationship between small intestinal
dysfunction and small intestinal motility and bacteria and
mucosa under psychological stress.
METHODS: Sixty mice were randomly divided into
psychological stress group and control group. Each group
were subdivided into small intestinal motility group (n = 10),
bacteria group (n = 10), and D-xylose administered to
stomach group (n = 10). An animal model with psychological
stress was established housing the mice with a hungry
cat in separate layers of a two-layer cage. A semi-solid
colored marker (carbon-ink) was used for monitoring
small intestinal transit. The proximal small intestine was
harvested under sterile condition and processed for
quantitation for aerobes (Escherichia coli) and anaerobes
(Lactobacilli). The quantitation of bacteria was expressed
as log10(colony forming units/g). D-xylose levels in plasma
were measured for estimating the damage of small intestinal
mucosa.
RESULTS: Small intestinal transit was inhibited (39.80±9.50%

vs 58.79±11.47%, P<0.01) in mice after psychological
stress, compared with the controls. Psychological stress
resulted in quantitative alterations in the aerobes (E. coli).
There was an increase in the number of E. coli in the
proximal small intestinal flora (1.78±0.30 log10(CFU/g) vs
1.37±0.21 log10(CFU/g), P<0.01), and there was decrease
in relative proportion of Lactobacilli and E. coli of stressed
mice (0.53±0.63 vs 1.14±1.07, P <0.05), while there
w a s no significant difference in the a naerobes
(Lactobacilli) between the two groups (2.31±0.70 log10
(CFU/g) vs 2.44±0.37 log10 (CFU/g), P>0.05). D-xylose
concentrations in plasma in psychological stress mice
were significantly higher than those in the control group
(2.90±0.89 mmol/L vs 0.97±0.33 mmol/L, P<0.01).
CONCLUSION: Small intestinal dysfunction under
psychological stress may be related to the small intestinal
motility disorder and dysbacteriosis and the damage of

mucosa probably caused by psychological stress.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In 1972 Levi et al, established that psychosocial factors such
as stressors could result in physiological disease. This has
attracted much clinical interest. The role that psychosocial
factors play in disease is gradually being recognized. It is
believed that psychological stress could alter the function
of small intestine and large intestine in psychological research.
Alternative gastrointestinal function under stress may be
associated with functional dyspepsia and irritable bowel
syndrome (IBS). And IBS has been described as classical
psychosomatic disorders by psychosomaticist.
The effect of psychological and physical stress on intestinal
motility is different[1,2]. Previous studies of psychological
stress[3,4] (cold stress, restraint stress, footshock stress) were
all focused on physical stress.
Psychological stress modulates gut function. Sustained
and acute life-threatening stressors play an important role
in the onset and modulation of GI symptoms as well as in
the development of affective disorders and posttraumatic
stress disorder. We established an animal model with
psychological stress housing mice with a hungry cat in
separate layers of a two-layer cage. Our aim was to
determine the effect of psychological stress on small
intestinal motility and bacteria and mucosa, and discuss the
mechanism that psychological stress may cause the
dysfunction in small bowel.
MATERIALS AND METHODS
Materials
Sixty healthy male mice (provided by Qinglongshan Experimental
Animal Center) weighing 20-30 g were used in this study.
Mice were housed individually in cages at constant room
temperature in a 12-h light/dark cycle and had free access
to laboratory feed and water. Bacteria evaluation kit (API
20) was purchased from French Biomerieux. D-xylose kit

Wang SX et al. Psychological stress on small intestinal motility and bacteria and mucosa in mice

Methods
Establishment of animal model Sixty mice were randomly
divided into psychological stress group and control group.
Each group were subdivided into small intestinal motility
group (n = 10) and bacteria group (n = 10) and D-xylose
administered into stomach group (n = 10). Mice in
psychological stress group were housed in the bottom of
the two-layer cage, with a hungry cat being housed in the
proximal layer of the cage for 10 min each day for 15 d,
but mice and the cat had no physical contact. Procedure of
the control group mice was as same as psychological stress
group except for no contact with the cat.
Measurement of small intestinal transit The carbonink transit test was modified as described. Mice were
deprived of food for 24 h and water for 12 h prior to
experiment, and 0.3 mL carbon-ink (10% gum acacia, 5%
activated charcoal) was administered into stomach by
orogastric gavage. Twenty-five minutes later, the mice were
killed, abdomen was opened and small intestine was
dissected. The total length of the small intestine (pyloruscecum) and the distance traveled by carbon-ink were
measured. Results were expressed as ratio (%) of the
distance traveled by carbon-ink to the total length of the
small intestine.
Measurement of small intestinal bacteria Mice were
deprived of food for 24 h and water for 12 h prior to
experiment. The mice were killed, abdomen was opened
and the proximal small intestine was harvested under sterile
condition. The 2-cm-long small intestine, which was dissected
at about a 10-cm point from pylorus was rinsed with sterile
saline thrice, and then the leftover was sucked by sterile
filter paper. After weighing, the small intestine with 2 mL
sterile saline was placed in a sterile glass homogenizer and
homogenized. Homogenate was diluted with sterile saline
at different ratios and 100 L dilution was plated on SS
agar (Escherichia coli) and MRS agar (Lactobacilli). Quantity
of E. coli was determined after 24 h of incubation at 37 ℃.
Quantity of Lactobacilli was determined after 48 h of
incubation at 37 ℃. Colony forming units (CFU) of bacteria
were quantified by counting CFU from agar. The quantity
of bacteria was expressed as log10(CFU/g). Quality of aseptic
manipulation was evaluated by swab of abdominal cavity
inoculating on sheep-blood agar.
Measurement of D-xylose concentrations in plasma
Mice were deprived of food for 24 h and water for 12 h
prior to experiment, and 0.4 mL 5% D-xylose solution was
administered into stomach by orogastric gavage. One hour
later, blood samples were collected into chilled tubes
containing 100 U heparin immediately after the mice were
killed. The blood was centrifuged at 3 000 r/min at 4 ℃
for 10 min. The plasma was stored at -70 ℃ until assayed.
Levels of D-xylose in plasma were measured with D-xylose
kit.
Statistical analysis
Throughout this report, data were expressed as mean±SD.
Experimental results were analyzed by t test. P<0.05 was

considered statistically significant.

RESULTS
Small intestinal transit
Figure 1 presents data for the overall mean ratio of small
intestinal transit (percentage of the distance traveled by
intragastric carbon-ink to the total length of the small intestine
after 25 min). The overall mean ratio of small intestinal
transit under psychological stress was lower than that of
the control (39.80±9.50% compared with 58.79±11.47%,
P<0.01), indicating that psychological stress could inhibit
small intestinal transit.

Ratio of small intestinaltra

was purchased from NanJing Jiancheng Bioengineering
Institute (NJBI).
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Figure 1 Effect of psychological stress on small intestinal transit.

Small intestinal bacteria
Psychological stress resulted in quantitative alterations in
the aerobes (E. coli). The number of E. coli in the proximal
small intestinal flora were more than those of the control
(1.78±0.30 log10 (CFU/g) compared with 1.37±0.21 log10
(CFU/g), P<0.01), and the relative proportion of Lactobacilli
and E. coli of stressed mice was lower than that of the
control (0.53±0.63 compared with 1.14±1.07, P<0.01),
while there was no statistically significant difference in the
anaerobes (Lactobacilli) between the two groups (2.31±0.70
log10(CFU/g) compared with 2.44±0.37 log10(CFU/g). The
data indicated that psychological stress could result in E.
coli overgrowth and dysbacteriosis (Table 1).

Table 1 Change of small intestinal bacteria (log10 (CFU/g), mean±SD,
n = 10)
E. coli

Lactobacilli

L/E

Control

1.37±0.21

2.44±0.37

1.14±1.07

Stress

1.78±0.30b

2.31±0.70

0.53±0.63a

a

P<0.05, bP<0.01 vs the control.

D-xylose concentrations in plasma
D-xylose concentrations in plasma in psychologically stressed
mice were significantly higher than those in the control group
(2.90±0.89 mmol/L compared with 0.97±0.33 mmol/L,
P<0.01), indicating that small intestinal mucosa was damaged
(Figure 2).

D-xylose concentration in plasrr
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Figure 2 Changes of D-xylose in plasma.

DISCUSSION
The association between psychological stress and small
intestinal motility has been postulated for about 20 years.
Some studies in experimental animals indicated contradictory
results, which may be due to different stressors in part.
Varied stressors can influence small intestinal motility via
different mechanisms. Muelas et al [5] , demonstrated that
restraint stress increased small intestinal motility both during
fasting and after food. But restraint stress completely
abolished the migrating motor complex (MMC)-interdigestive
myoelectric complex periodicity characteristic of the normal
fasting pattern. Ditto et al[6], reported that a prolonged active
coping stressor with minimal motor requirements enhanced
small intestinal transit. However, Tsukada et al[7-9], demonstrated
that the small intestinal transit was significantly inhibited by
restraint stress but not by footshock stress. And footshock
stimulus may cancel the inhibition of small intestinal motility
by restraint stress. In the present study, we demonstrated
that the ratio of small intestinal transit was significantly
decreased by psychological stress.
Host and intestinal normal flora are in a state of balance.
Varied microorganisms of intestinal normal flora interact
to keep themselves in a state of balance too. Changes of
host and external environment could lead to disequilibrium.
Itoh and Freter[10] demonstrated that the Lactobacilli in
gnotobiotic mice suppressed E. coli multiplication in the
stomach and the small intestine, but had no demonstrable
effect on E. coli multiplication in the large intestine. Stress
can cause significant change of intestinal flora. Lizko[11,12]
revealed the factors that are neuroemotional tension,
hypokinesia, increased physical load, isolation under
conditions of altered gaseous environment and microclimate
participated in development of dysbacteriosis under extreme
conditions (space flights of various duration). Intestinal
microflora in man responded by decreased counts of
bifidobacteria and Lactobacilli participating in maintenance
of the intact ecological barrier and colonization resistance.
Furthermore, the neuroemotional stress played the main
role in development of dysbacteriosis in man under extreme
conditions, which was supported by the following study.
During the preparation phase of the flight and the period
immediately before the take-off and after the flight, there
was a distinct decrease in the numbers of Bifidobacterium
and Lactobacilli as well as a substantial increase in the
numbers of E. coli. This seems to be due to nervous-emotional
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stress effects. Logan et al [13], reported that patients with
chronic fatigue syndrome (CFS) had marked alterations in
microbial flora, including lowered levels of bifidobacteria
and small intestinal bacterial overgrowth (SIBO). Bailey and
Coe[14] reported that maternal separation disrupts the integrity
of the intestinal microflora in infant rhesus monkeys. Fecal
bacteria decrease significantly, especially Lactobacilli. The
drop in the microflora was correlated with the display of
stress-indicative behaviors, but not with cortisol secretion.
In addition, infants who displayed numerous stress-indicative
behaviors were more susceptible to opportunistic bacterial
infection. Gritsenko et al[15], revealed that 6-h immobilization
stress initiates the increase of the concentration of E. coli
in the proximal sections of the digestive tract (the duodenum
and the jejunum). Ringo et al [16] , reported that the total
culturable bacterial numbers or population level of the lactic
acid bacteria associated with the digestive tract of Atlantic
salmon (Salmo salar L.) had no significant alteration under
excessive handling stress and starvation. In the present
study, the results were similar to the above research. After
psychological stress, the number of E. coli of the proximal
small intestine in mice increased significantly compared to
the control. The number of Lactobacilli was not statistically
significant and different from the control. The ratio of
Lactobacilli and E. coli was lower than that of the control.
Glunder[17] demonstrated that stressful situations such as
overcrowding in small cages coincident with increased noise
and low light levels can enhance the colonization of the gut
with E. coli. The present study was involved in stressful
situations because all of the mice were placed in the cage
when they were under stress. Lencner et al[18]. reported that
the lactoflora of cosmonauts showed distinct changes due
to the emotional stress before the take off. Compared to
long-time flights, short-time flights caused even stronger
alterations of lactoflora. The reason was that the disturbance
that took place before the take-off as to the short time could
not be balanced by the macroorganism. Additionally, after
a certain adaptive period the factors of the space travel
began to act. The reason may be the explanation that there
was no difference in the number of Lactobacilli of small
intestine between the stressed mice and the control in the
present study.
Leveau et al [19], demonstrated that impairment in
intestinal motility probably played a pathophysiological
role in the development of bacterial overgrowth. A delay
in intestinal transit time appeared as an early event in acute
pancreatitis, preceding intestinal bacterial overgrowth.
Gangarosa[20] demonstrated that intestinal motility served
as a normal cleansing mechanism of the intestine, and drugs
that decreased this motility might facilitate replication of
pathogens and their attachment to or invasion of the intestinal
tissue. Wang et al[21-23], demonstrated that delayed intestinal
transit after hepatectomy might contribute to overgrowth
of E. coli in small intestine. Administration of cisapride or
CCK prevented overgrowth of E. coli by improving intestinal
motility in rats.
Interdigestive small bowel motility has a regulatory
function on the microflora of the upper small bowel.
Nieuwenhuijs et al [24,25], clarified the role of the migrating
motor complex (MMC) in the regulation of small intestinal
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microflora. The MMC is an important mechanism controlling
bacterial growth in the upper small bowel. Its disruption
with morphine promotes duodenal bacterial overgrowth.
MMC can coordinate the movement of pylorus and gut
and cholecyst. So the alteration of MMC necessarily has
influence on the secretion of bile, of which bile can inhibit
gram-negative bacilli. Grzesiuk et al[26], demonstrated that
intestinal bacteria, particularly those adhering to intestinal
epithelial cells, were exposed to electric fields and currents
generated by the muscular activity of the small intestine.
The myoelectrical activity of the duodenum, through action
on cell membrane, can affect cell division of intestinal
bacteria. The growth of E. coli stimulated by the electric
current was significantly inhibited after a period of intensive
growth.
Intestinal microflora can modulate myoelectric activity
of small intestine. Husebye et al[27,28], demonstrated that after
introduction of conventional intestinal microflora the
interval between activity fronts of the migrating myoelectric
complex in proximal jejunum of germ-free rats was reduced.
Intestinal bacteria promoted or suppressed the initiation and
aboral migration of the migrating myoelectric complex
(MMC) depending on the species involved. Bacteria with
primitive fermenting metabolism (anaerobes) emerge as
important promoters of regular spike burst activity in small
intestine. Lactobacillus promoted regular spike burst activity
and reduced the MMC period and accelerated small intestinal
transit. E. coli showed an inhibitory effect on MMC. Thorlacius
et al[29], reported that Lactobacillus could enhance intestinal
transit. Sjogren et al[30], demonstrated that bacterial adherence
to the intestinal mucosa appeared to be important in eliciting
the abnormal myoelectric responses. E. coli prolonged spike
bursts. Tsafarov et al[31], demonstrated that E. coli inhibited
the movements of the intestine, which was manifested by a
reduction of the frequency and amplitude of the intestinal
contractions. Cuoco et al[32], reported that bacterial overgrowth
might contribute to the delay of intestinal transit. After
eradication therapy, patients without bacterial overgrowth
showed a significant reduction of oro-cecal transit time.
Pimentel et al [33], demonstrated that the duration and
frequency of phase III was reduced in subjects with irritable
bowel syndrome (IBS) and SIBO. Subjects whose SIBO
was still present had less phase III events than subjects with
eradicated overgrowth. Eradication of bacterial overgrowth
seems to result in some normalization of motility. The above
can explain occurrence and development of some symptoms
of IBS. Madrid et al [34] , administrated patients with liver
cirrhosis prokinetics (cisapride) or antibiotics. After 6-mo
treatment, both cisapride and antibiotics significantly
improved fasting cyclic activity, reduced the duration of
oro-cecal transit time, and decreased SIBO. Cisapride
administration was also followed by an increase in the
amplitude of contractions.
Meddings and Swain[35] demonstrated that psychological
stress might increase permeability of all regions of the
gastrointestinal tract. This provides a potential mechanism
for the observation of stress-induced disease recurrence in
Crohn’s disease. Velin et al[36], reported that the barrier function
of follicle-associated epithelium could be modulated.
Chronic water avoidance stress further increased permeability
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of villus and follicle-associated epithelium than acute water
avoidance stress. Saunders et al[37], reported that acute stress
altered jejunal epithelial physiology. Both physical stress
(2 h of cold-restraint stress) and psychological stress (1 h of
water-avoidance stress) increased ionic and macromolecular
permeability of intestine. Wilson and Baldwin[38] demonstrated
that mental stress (environmentally induced stress) caused
pathological changes in the rat intestinal mucosa, which
compromise the epithelial-endothelial exchange barrier,
where intestinal villi were edematous and epithelial cells were
detaching from the basement membrane at villus tips. Santos
et al[39], reported that chronic stress (water avoidance stress
or sham stress (1 h/d) for 5 d) causes an epithelial barrier
defect and epithelial mitochondrial damage. Soderholm
et al [40], demonstrated that chronic psychological stress could
be an initiating factor in intestinal inflammation by impairing
mucosal defenses against luminal bacteria. Chronic stress
(water avoidance stress or sham stress as a model of ongoing
life stress) induced barrier dysfunction in the ileum and
colon (increased macromolecular permeability and depletion
of mucus) and ultrastructural changes in epithelial cells
(enlarged mitochondria and presence of autophagosomes)
associated with bacterial adhesion and penetration into
enterocytes. Shi et al[41], reported that chronic restraint stress
could cause damage on intestinal barrier function, increased
intestinal permeability to D-xylose. The levels of D-xylose
in plasma of stressed rats were higher than that of the control
group. The result of our study showed that concentration
of D-xylose in plasma of mice subjected to psychological
stress was significantly higher than the control, which
suggested that psychological stress caused damage of small
intestinal mucosa and increased permeability to luminal
substances.
Schiffrin et al [42], suggested that the developmental
condition of the host’s intestinal barrier might be an important
regulator of the bacterial microenvironment of the newborn
small intestinal mucosa. Garcia-Lafuente et al[43], demonstrated
that certain commensal bacteria could modify colonic wall
permeability to luminal substances. E. coli significantly
increased lumen to blood clearance. Colonization with
Lactobacillus had the opposite effect and reduced permeability
to mannitol. Isolauri et al [44] , reported that Lactobacillus
counteracted permeability disorder of the mucosal barrier.
Logan et al[13], demonstrated that Lactobacillus might have
a therapeutic role in the treatment of chronic fatigue
syndrome (CFS). Lactobacillus are strong antioxidants, can
enhance absorption of micronutrients by protecting the
intestinal epithelial barrier, and have been used to treat SIBO.
Bomba et al [45] , suggested that the Lactobacilli-produced
organic acids might present an efficient barrier inhibiting
the adherence of digestive tract pathogens to the intestinal
mucosa. Lievin-Le Moal et al [46], reported that Lactobacill
isolated from the resident adult human gastrointestinal
microflora, together with its antimicrobial activity, exerts a
protective effect against the brush border lesions
promoted by adhering E. coli in human intestinal cells. Ding
et al[47], reported that increased E. coli caused the magnitude
of gut mucosal injury. Zareie et al [48], reported that gramnegative luminal bacteria could cause significant alterations
in epithelial ion transport and barrier functions. McNamara
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et al [49], clarified that E. coli disrupts intestinal barrier
function, increased monolayer permeability and redistributed
the tight junction-associated protein occludin. Perers et al
[50]
, reported that E. coli damaged the brush border of the
mucosal epithelium. Muza-Moons et al[51], reported that E.
coli disrupted the structure and barrier function of host
intestinal epithelial tight junctions (TJS). Michail et al [52] ,
indicated that E. coli-induced neutrophil migration could
occur without significant disruption of barrier function.
Gangarosa[53] demonstrated that intestinal motility served
as a normal cleansing mechanism of the intestine, and drugs
that decreased this motility might facilitate replication of
pathogens and their attachment to or invasion of the intestinal
tissue. Bacterial adherence to epithelia of intestinal mucosa
plays an important role in the interaction of host and bacteria.
Rocha et al[54], demonstrated that mucosa-associated E. coli
played specific role on epithelial barrier dysfunction. Stress
increased numbers of mucosa-associated E. coli in the
cecum, which could increase epithelial permeability. E. coli
of mice submitted to stress adhered to and altered the
permeability of young adult mouse colon cells, whereas
E. coli from the cecum of control mice were less adherent
and had no effect on epithelial permeability.
Previous studies have shown that psychological stress
can cause gastrointestinal dysfunction. For example, patients
with gastrointestinal motility disorders, especially irritable
bowel syndrome (IBS), symptoms of abdominal pain and
bloating were precipitated after psychological stress (life
events). Ford et al [55], demonstrated that anxiety resulting
from psychological stress could enhance the colonic symptoms
such as intestinal tympanites and abdominal distention. The
mechanism may be explained by the fact that psychological
stress induced decrease of small intestinal transit and
overgrowth of bacteria in small intestine as well as damage
of small intestinal mucosa. Intestinal gas could not be
evacuated effectively and developed gas retention and which
evoked a series of symptoms, especially pain and bloating[56].
Furthermore, the prolonged small intestinal transit makes
it possible that the small intestinal content remains in the
intestinal tract for a long time. Increasing bacteria in small
intestine break the content down and produce a great deal
of gas. The defect of intestinal barrier and the above factors
can make symptoms become more serious. These aspects
of small intestinal dysfunction may enhance each other.
The results of this study suggest that psychological stress
can cause small intestinal dismotility and dysbacteriosis and
a defect of intestinal barrier, which may be correlated to
each other and interact. These results provide evidence to
stimulate further research into the mechanisms linking
mental stress to gastrointestinal dysfunction in humans.
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Abstract
AIM: To investigate the functions of promoter hypermethylation
of O6-methylguanine-DNA methyltransferase (MGMT) gene
in colorectal tumorigenesis and progression.
METHODS: The promoter hypermethylation of MGMT
gene was detected in 27 sporadic colorectal adenomas,
62 sporadic colorectal carcinomas and 20 normal colorectal
mucosa tissues by methylation-specific PCR. At the same
time, the expression of MGMT protein was carried out in
the same samples using immunohistochemistry. Mutantallele-specific amplification was used to detect K-ras G to
A point mutation in codon 12.
RESULTS: None of the normal colorectal mucosa tissues
showed methylated bands. Promoter hypermethylation
was detected in 40.7% (11 of 27) of adenomas and
43.5% (27 of 62) of carcinomas. MGMT proteins were
expressed in nucleus and cytoplasm of normal colorectal
mucosa tissues. Loss of MGMT expression was found in
22.2% (6 of 27) of adenomas and 45.2% (28 of 62) of
carcinomas. The difference between them was significant
(P = 0.041). In the 6 adenomas and 28 carcinomas losing
MGMT expression, 5 and 24 cases presented methylation,
respectively (P = 0.027, P<0.001). Thirteen of the 19
colorectal tumors with K-ras G to A point mutation in codon
12 had methylated MGMT (P = 0.011). The frequencies
of K-ras G to A point mutation were 35.3% (12 of 34) and
12.7% (7 of 55) in tumors losing MGMT expression and
with normal expression, respectively.
CONCLUSION: Promoter hypermethylation and loss of
expression of MGMT gene were common events in
colorectal tumorigenesis, and loss of expression of MGMT
occurs more frequently in carcinomas than in adenomas
in sporadic patients. Hypermethylation of the CpG island
of MGMT gene was associated with loss of MGMT
expression and K-ras G to A point mutation in colorectal

tumor. The frequency of K-ras G to A point mutation was
increased in tumors losing MGMT expression. It suggests
that epigenetic inactivation of MGMT plays an important
role in colorectal neoplasia.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
O6-methylguanine-DNA methyltransferase (MGMT) is a
ubiquitous DNA repair protein that removes mutagenic
and cytotoxic adducts from the O6-guanine in DNA, the
preferred point of attack of many carcinogens and alkylating
chemotherapeutic agents[1,2]. Alkylating of DNA at the O6
position of guanine is an important step in the formation
of mutations in cancer, primarily due to the tendency of
the O 6-methylguanine to pair with thymine during
replication, resulting in a conversion of guanine-cytosine to
adenine-thymine pairs in DNA[3] . Furthermore, the O6alkylguanine-DNA adduct may cross-link with the opposite
cytosine residues, blocking DNA replication[4-6] . MGMT
expression is decreased in some tumor tissues, and lack of
activity has been observed in some cell lines[7,8] . Loss of
expression is rarely due to genetic changes of the MGMT
gene, but methylation of discrete regions of the CpG island
of MGMT has been associated with the silencing of the
gene in cell lines[9,10]. K-ras mutation occurs in approximately
one-half of colorectal carcinomas. Alteration of codon 12
GGT is the most common change, and often results from
G to A transitions. In this study, we examined whether the
epigenetic silencing of MGMT might be linked to the presence
of K-ras mutations in human colorectal tumorigenesis.
MATERIALS AND METHODS
Materials
Twenty-seven sporadic colorectal adenomas and 62 sporadic
carcinomas were obtained from surgical resection specimens
of surgical patients at the Zhongnan Hospital of Wuhan

Qi J et al. The role of epigenetic changes of MGMT in colorectal tumors

University between May 2002 and June 2003. Twenty normal
colorectal mucosa tissues were obtained from healthy
volunteers examined by endoscopy in the clinic. Each sample
was divided into two sections: one was stored at –70 ℃, the
other was fixed in formalin solution, embedded by paraffin
until processing. No patient had received chemotherapy or
radiation therapy prior to surgery. Genomic DNA was
extracted by the phenol–chloroform standard methods.
Methods
Methylation-specific PCR (MSP) Bisulfite genomic DNA
modification was performed as previously reported[11].
Genomic DNAs purified from tissues were denatured by
NaOH and modified by sodium bisulfite, then purified using
Wizard DNA purification resin (Promega), again treated
with NaOH, precipitated with ethanol, and resuspended in
water. PCR amplification was performed to determine the
DNA methylation patterns in the CpG island of the MGMT.
Primer sequences of MGMT were for the unmethylated
reaction 5’-TTT GTG TTT TGA TGT TTG TAG GTT
TTT GT-3’ (sense primer), 5’-AAC TCC ACA CTC TTC
CAA AAA CAA AAC A-3’ (antisense primer) and for the
methylated reaction 5’-TTT CGA CGT TCG TAG GTT
TTC GC-3’ (sense primer), 5’-GCA CTC TTC CGA AAA
CGA AAC G-3’ (antisense primer). Amplifications were
performed in 50 L of reaction mixture under the following
conditions: 1 cycle at 95 ℃ for 360 s, 35 cycles at 94 ℃
for 45 s, 59 ℃ 45 s, and 72 ℃ for 60 s; and a final extension
at 72 ℃ for 600 s. Amplified products were visualized by
8% polyacrylamide gel electrophoresis.
Mutant allele-specific amplification (MASA) G to A
mutations at codon 12 (GGT) were detected by MASA[12].
The 3’-terminal bases of sense primers were set to the
mutant base of K-ras codon 12; the sense-1 primer was for
the first base G to A mutation and the sense-2 primer was
for the second. The primer sequences were sense-1, 5’ACTTGTGGTAGTTGGAGCTA-3’; sense-2, 5’-CTTGTG
GTAGTTGGAGCTGA-3’. The antisense primer for both
senses was 5’-CTCATGAAAATGGTCAGAGAAACC-3’.
Reaction conditions were 1 cycle at 94 ℃ for 300 s, 35 cycles
at 94 ℃ for 30 s, 63.5 ℃ for 90 s, and 72 ℃ for 90 s and
a final extension at 72 ℃ for 300 s. Amplified products
were visualized by 8% polyacrylamide gel electrophoresis.
Immunohistochemistry Formalin-fixed, paraffin-embedded
samples were cut into 4-m sections. Immunohistochemistry
was carried out using a SP kit and mouse anti-MGMT
monoclonal antibody. Nuclear staining was counted as
positive. Those cases with lesser than 10% positively stained
cells were regarded as having loss of expression. The stain
was assessed by a pathologist.
Statistical analysis
Statistical analysis was performed using SPSS 11.0 software.
Associations between the discrete variables were assessed
using the two-sided Fisher’s exact test or Pearson’s 2 tests.
P value less than 0.05 was regarded as statistically significant.

RESULTS
MGMT promoter hypermethylation
DNA obtained from 89 colorectal tumors and 20 normal
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colorectal mucosa tissues was subjected to MGMT promoter
methylation study using MSP. None of the normal tissues
showed methylated bands (81 bp), but unmethylated bands
(93 bp). Promoter hypermethylation was detected in 38 of
89 (42.7%) colorectal tumors (Figure 1). Among the
adenomas and carcinomas tested, 11 of 27 (40.7%) and
27 of 62 (43.5%) had promoter hypermethylation,
respectively. No statistical difference could be found between
them (2 = 0.061, P = 0.806). But when we compared the
promoter hypermethylation status of colorectal adenomas
and carcinomas with normal colorectal mucosa tissues, the
percentages of them were both higher than that of the
normal tissues (Fisher’s exact test, P = 0.001, P<0.001).
Aberrant MGMT promoter hypermethylation was frequent
in both sporadic colorectal adenomas and carcinomas.
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Figure 1 Methylation-specific PCR result of MGMT in colorectal
tumors and normal colorectal mucosa. Colorectal carcinomas (45 ℃)
showed both unmethylated (U) and methylated (M) bands, but normal
tissues (N) showed only unmethylated bands.

Expression of MGMT
We analyzed MGMT expression by immunohistochemistry
so that the expression in the neoplastic cells could be directly
measured. MGMT protein was normally expressed in the
nucleus of most parenchymal and stromal cells (Figure 2).
All normal colorectal mucosa tissues examined had nuclear
staining of MGMT. Among 89 colorectal tumors analyzed,
34 were judged to have loss of MGMT expression, whereas
55 tumors expressed MGMT (Figure 3). In these cases, 6
of 27 (22.2%) adenomas and 28 of 62 (45.2%) carcinomas
showed loss of MGMT expression. Therefore, carcinoma
significantly differs from adenoma in terms of MGMT
expression (2 = 4.192, P = 0.041). And also colorectal
adenomas and carcinomas both differ from normal colorectal
mucosa tissues (Fisher’s exact test, P = 0.031, P<0.001).
When the expression data were matched to previous
studies of the methylation of MGMT, 5 of 6 adenomas
that lack MGMT expression showed MGMT promoter
hypermethylation, whereas 15 of 21 adenomas that retained
expression of MGMT were unmethylated at the MGMT
CpG island (Fisher’s exact test, P = 0.027); 24 of 28
carcinomas lacking MGMT expression showed MGMT
promoter hypermethylation, whereas 31 of 34 carcinomas
that retained expression of MGMT were unmethylated at
the CpG island (2 = 36.927, P<0.001). It suggests that the
presence of aberrant hypermethylation in MGMT promoter
was significantly associated with loss of MGMT protein.
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Fig ure 2 MGMT expressed in the nuclei of normal colorectal
mucosa cells.

K-ras G to A point mutation in codon 12
Among 89 colorectal tumors, 19 (21.3%) had K-ras G to A
point mutation in codon 12 (Figure 4). This event was
associated with the promoter hypermethylation of MGMT,
for 13 (68.4%) of the 19 tumors with mutant K-ras had
methylated MGMT, whereas only 25 (35.7%) of the 70
tumors without K-ras mutations had methylated MGMT
(2 = 6.534, P = 0.011).
In the tumors that had loss of MGMT expression,
the G to A point mutation rate of K-ras at codon 12 was
35.3% (12 of 34). This was 2.8 times greater than the rate
12.7% (7 of 55) in the tumors with normal MGMT
expression (2 = 6.373, P = 0.012).

DISCUSSION
Gene function in cancer can be disrupted either through
genetic alterations, which directly mutate or delete genes,
or epigenetic alterations, which alter the heritable state of
gene expression. It is increasingly apparent that, in human
cancers, synergy between these two processes drives tumor
progression from the earliest to latest stages. Methylation is
the main form of epigenetic change in humans, and
alterations in methylation patterns play an important role in
tumorigenesis[1]. In this report, we provide an example of
the interaction between epigenetic and genetic events in
human cancer.
Our data showed that MGMT promoter hypermethylation

MK
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3
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Set2
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Figure 4 MASA-PCR products for detection of K-ras point mutations in colorectal tumors. Set 1 and set 2 showed the first and
second G to A mutation in K-ras codon 12 (GGT), respectively.
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Figure 3 Loss of MGMT expression in colorectal carcinomas.

and loss of MGMT expression were both frequent in
sporadic colorectal tumors. This is conformed by the
previous report[13]. Loss of expression is not commonly due
to deletion, mutation or rearrangement of the MGMT gene,
or mRNA instability, but due to methylation of the CpG
island of MGMT[9,14]. In cell culture, a relationship between
methylation of the MGMT CpG island and transcriptional
silencing of the gene has been demonstrated[9]. Our study
demonstrates that MGMT promoter hypermethylation
associated with loss of expression is frequent in sporadic
colorectal tumorigenesis as well. This tight correlation
between MGMT CpG island methylation and loss of
expression in these tumors provides an explanation for the
loss of MGMT activity in earlier and our current reports.
We also found that MGMT promoter hypermethylation
was present in equal frequency in adenomas and carcinomas,
but the rate of loss of MGMT expression was higher in
carcinomas than in adenomas, which suggests that MGMT
methylation occurs early in colorectal neoplastic progression,
and methylated MGMT, DNA repair gene in the adenoma
stage resulted in the inactivation of MGMT, as it brings
about the loss of MGMT protein expression when adenoma
transforms into carcinoma. Therefore, MGMT methylation
might play a key role in malignant transformation.
MGMT is a key enzyme in the DNA repair network.
MGMT removes alkyl adducts from the O6 position of
guanine, and then inactivates the proliferation of cells
with damaged DNA. Therefore, it can protect cells from
alkylating damages and maintain genomic integrity[15]. Our
results suggest that the epigenetic alteration in MGMT
promoter may confer an increased risk of alkylating agentinduced colorectal carcinogenesis.
Alkylating agents causing the promutagenic lesion may
be provided from dietary nitrates reduced in the proximal
colon by bacteria, by nitrosation of amines and amides
derived of protein catabolism[16,17]. During DNA replication,
O6-methylguanine can pair with thymine, resulting in
conversion of guanine–cytosine to adenine–thymine pairs
in DNA[3]. Supporting these data, the most common mutations
caused by alkylating agents are G:C to A:T transitions. K-ras
mutation occurs in approximately one-half of colorectal
carcinomas. Ras oncogenes acquire transforming activity
following single-point mutations within their coding
sequences. Mutations in naturally occurring ras oncogenes
have been localized in codons 12, 13, 59 and 61. Alteration
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of codon 12, GGT, is the most common change. Substitution
of the wild-type glycine 12 by any other amino acid results
in oncogenic activation of this molecule. Previous studies
had suggested that loss of MGMT activity in the normal
colorectal mucosa was found in patients with G to A
mutations in K-ras [18,19]. However, our study suggests that
epigenetic silencing of the DNA repair gene MGMT by
hypermethylation is strongly associated with G to A mutations
in K-ras in colorectal tumorigenesis. On the other hand, the
absence of K-ras mutations is a common feature of sporadic
human breast carcinomas. Concordant with these phenomena,
MGMT is not inactivated by promoter hypermethylation in
breast tumors[4]. These suggest that one potential consequence
of loss of MGMT expression could be an increase in
susceptibility of G to A mutation in K-ras gene.
In conclusion, our studies show loss of MGMT
expression via hypermethylation in MGMT promoter leading
to activation of K-ras gene by accumulation of G to A
transition is a new potential pathway of colorectal
tumorigenesis. Otherwise, our data concerns the fact that
each guanine in the human genome may generate a
promutagenic lesion in the absence of correct repair. Other
genetic alterations and mutations in target genes in human
cancer that might be induced by MGMT epigenetic
inactivation should receive close attention, and be
investigated in the future.
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Abstract
AIM: We shall construct the small interfering RNA (siRNA)
expression cassette (SEC) targeting activated K-ras gene
sequence, identify more effective siRNA sequence against
K-ras gene in human pancreatic cancer cell line MiaPaCa-2
by SEC and reveal the anti-cancer effects of RNA interference
(RNAi) and its therapeutic possibilities.
METHODS: Three different sites of SECs were constructed
by PCR. K1/siRNA, K2/siRNA and K3/siRNA are located at
sites 194, 491 and 327, respectively. They were transfected
into MiaPaCa-2 cells by liposome to inhibit the expression
of activated K-ras. In the interfering groups of sites 194
and 491, we detected the apoptosis in cells by FACS
after they were incubated for 48 h, then we tested the
alternation of K-ras gene in MiaPaCa-2 cells by RT-PCR
immunofluorescence, respectively.
RESULTS: Introduction of the K1/siRNA and K2/siRNA against
K-ras into MiaPaCa-2 cells leads to increased apoptosis, and
the number of apoptotic cells is increased compared with
control cells. The tests of RT-PCR immunofluorescence show
the effects of inhibiting expression of activated K-ras gene
by RNA interference in the K1/siRNA and K2/siRNA
groups. We also find that the introduction of K3/siRNA
has no effect on MiaPaCa-2 cells.
CONCLUSION: K1/siRNA and K2/siRNA can inhibit the
expression of activated K-ras but K3/siRNA has no effect,
demonstrating that K1/siRNA and K2/siRNA are effective

sequences against K-ras gene and K3/siRNA are not. We
conclude that specific siRNA against K-ras expression may
be a powerful tool to be used therapeutically against
human pancreatic cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Alteration of oncogenes and tumor suppressor genes such
as K-ras and p53 was highly specific for diagnosing pancreatic
cancer. K-ras is involved in transducing growth-promoting
signals. Point mutations of K-ras have been found in 80-100%
of pancreatic cancer, suggesting that mutant K-ras is a
sensitive marker for detection of pancreatic cancer[1]. RNA
interference (RNAi) represents an evolutionarily cellular
mechanism for controlling the expression of genes in
almost eukaryotes, including humans[2]. RNAi is triggered
by double-stranded RNA and results in sequence-specific
degradation of homologous single-stranded target RNAs[3,4].
The mediators of mRNA degradation are small interfering
RNAs (siRNAs)[5], which are produced from longer dsRNA
by enzymatic cleavage in the cell. These short RNA duplexes
are approximately 21 nucleotides in length and have a
base-paired structure with 2-nt 3’overhangs[6] . Although
discovered only recently, siRNAs have revolutionized the
analysis of mammalian gene function in cultured cells. siRNA
is becoming a valuable tool for target validation beyond
classical tissue culture cell lines.
We report here that oncogenic alleles of K-ras can be
specifically and stably inactivated in human cancer through
the use of RNA interference sequences, leading to loss of
tumorigenicity. Three different sites of siRNA expression
cassettes (SECs) were constructed by PCR. The K1/siRNA,
K2/siRNA and K3/siRNA locate the site 194, 491 and
327, respectively. They were transfected into human
pancreatic cancer cell line MiaPaCa-2 by liposome to
identify which siRNA is more effective to inhibit the
expression of activated K-ras, with the goal of examining
the role of K-ras in human pancreatic cancer.
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MATERIALS AND METHODS
Cells culture
Pancreatic cancer cell line MiaPaCa-2 was obtained from
American Type Culture Collection (CRL 1420), the gift of
Professor. Douglas, Cancer Research Center of Boston
Medical College. The cells were grown in Dubecco’s modified
Eagle’s medium (DMEM) complemented with 10% fetal
calf serum, and incubated at 37 ℃ in a humidified atmosphere
with 50 mL/L CO2. The medium was changed once in every
three days, and the cells were transferred into 24-well plates
at a density of 3×103 cells/well one day before transfection.
siRNA targeting K-ras gene sequences were chosen
The principle of designing siRNA is as follows: 1. Select
targeted region from K-ras cDNA sequence beginning
50-100 nt downstream of start condon and search for
23-nt sequence motif AA(N19 ). 2. Target sequence should
have a GC content of around 50% and avoid regions
with GC content <30% or >60%. 3. Perform BLAST
homology search to avoid off-target effects on other genes
or sequences. We designed the K1/siRNA located in
5’UTR, at site 194; the K2/siRNA and K3/siRNA located
in CDS, at sites 491 and 327, respectively.
SECs constructed by PCR
The DNA template and upstream primer were from
LineSilenceRNATM Kit produced by Allele Biotechnology
Company in the USA. The principle of designing downstream
primer is: 1. Choose a target region that includes A2AN17 C
or A2GN17T, A2AN17T as the sense sequence of the K-ras RNA.
2. To generate antisense siRNA transcript, the following
primer is synthesized: 5’ CAAAAACTGTAAAAA AN17C (or
GN17T,AN17T) GGTGTTTCGTCCTTTCCACAAGA 3’, the 5’
underlined base pairs are terminator, and the 3’ pairs are
template matching region. 3. To generate sense siRNA
transcript, the above N17 sequence is replaced with its reverse
sequence. Following the principle, three different sites of
downstream primers were synthesized (BioJet Biotech Co.
Wuhan) as follows:
sense primer of K1/siRNA (194 site):
5’CAAAAACTGTAAAAAACTTGTGGTAGTTGGAGCT
GGTGTTTCGTCCTTTCCACAAGA3’,
antisense primer:
5’CAAAAACTGTAAAAAAGCTCCAACTACCACAAGT
GGTGTTTCGTCCTTTCCACAAGA3’;
sense primer of K2/siRNA (491 site):
5’CAAAAACTGTAAAAAGGACTCTGAAGATGTACCT
GGTGTTTCGTCCTTTCCACAAGA 3’,
antisense primer:
5’CAAAAACTGTAAAAAAGGTACATCTTCAGAGTCC
GGTGTTTCGTCCTTTCCACAAGA 3’;
sense primer of K3/siRNA (327 site):
5’CAAAAACTGTAAAAAACCTGTCTCTTGGATATTC
GGTGTTTCGTCCTTTCCACAAGA 3’,
antisense primer:
5’CAAAAACTGTAAAAAGAATATCCAAGAGACAGGT
GGTGTTTCGTCCTTTCCACAAGA 3’;
sense primer of negative control:
5’CAAAAACTGTAAAAAACTGGTTGTAGTTGGAGCT
GGTGTTTCGTCCTTTCCACAAGA 3’,
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antisense primer:
5’CAAAAACTGTAAAAAAGCTCCAACTACAACCAGT
GGTGTTTCGTCCTTTCCACAAGA 3’.
Amplification of PCR products
The PCR reactions were carried out in a final reaction
volume of 50 µL, it contained: Template DNA (1 ng/µL)
1 µL, 10×PCR buffer 5 µL, 4dNTP 1 µL, 1 unit of Taq
polymerase (Gibco, USA), upstream primer (20 µmol/L)
1.2 µL, downstream primer (20 µmol/L) 1.2 µL, ddH2O
37.5 µL; performed 40 cycles of PCR amplification (twostep) as follows: Denature 94 ℃ for 30 s; anneal and extend
72 ℃ for 1 min 30 s. The amplified DNA fragments were
fractionated by agarose 1.5% gel electrophoresis and
visualized by ethidium bromide staining. The position of
the RT-PCR products is indicated at the site of 250 bp.
Purification of PCR products
PCR products were purified with a QIAquick PCR purification
kit (QIAGEN, USA) according to manufacturer’s instructions.
Usually a 200 µL reaction can produce 10 µg DNA
after purification. The purified DNA fragments were
fractionated by agarose 1.5% gel electrophoresis again and
visualized by ethidium bromide staining. The position of
the RT-PCR products is still indicated at the site of 250 bp.
Transfection of cells
Cells were transferred into 24-well plates at a density of
3×103 cells/well one day before transfection. We used Shuttle
Reagent (Roche, USA) as transfection reagent. The protocol
is as follows: (1) Three microliters of shuttle Reagent were
mixed thoroughly with 30 µL serum- and antibiotic-free
medium incubated for 5 min at room temperature. (2) 0.5 µg
DNA (PCR product) was mixed thoroughly with 30 µL
serum- and antibiotic-free medium incubated for 5 min at
room temperature. (3) the transfection solution was added
to the DNA solution and incubated for 15 min at room
temperature. (4) The mixture of transfection was added
into the well drop by drop. Six wells per site were performed;
we set up some controls including normal cells, added the
transfection without DNA, and added nonspecific DNA
sequence. (5) The cells were incubated for 24-48 h at 37 ℃
in a humidified atmosphere with 50 mL/L CO 2, then
observed them through inverted microscope and did some
tests to detect the change of cells.
Apoptosis analysis by FACS
Cells (1×10 5) were harvested and washed twice using
0.01 mmol/L PBS. The cells were fixed using 4 mL of
cold 70% ethanol at 4 ℃ for a minimum of 4 h and then
washed twice with PBS. The cells were then resuspended in
500 µL of PBS, stained by adding 200 µL of propidium
iodide (50 µg/mL, Sigma) along with 20 µL of RNase
(1 mg/mL, Sigma) in a 37 ℃ water bath for 15-20 min.
The apoptosis cells were determined by FACS and analyzed
using CellQuest software.
RT-PCR analysis of K-ras mRNA expression
We detected alternation of the activated K-ras in
MiaPaCa-2 by RT-PCR with RNA interference. Total
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RNA was extracted using the RNeasy midi kit from Qiagen
(USA) according to manufacturer’s instructions. For RTPCR, 10 µg of total RNA were reversely transcribed using
oligo-dT primer and reverse transcriptase (Gibco, USA).
cDNA was synthesized for 60 min at 37 ℃. Complementary
DNAs for K-ras were amplified by PCR using 5 µL MgCl2
and two units of Taq polymerase. The amplification protocols
for K-ras were as follows: 30 cycles at 95 ℃ for 5 min, 95℃
for 15 s, 58 ℃ for 20 s, 72 ℃ for 30 s and a final extension
time of 6 min at 72 ℃. The PCR primers were designed
based on the published human K-ras cDNA sequences: sense
5’TTGAAGTGCTGTTTGGGATAA 3’, antisense
5’AACATTCCTAGGTCAGCGCAAC 3’. As a control,
actin mRNA was amplified from the used cDNAs using
the following amplification protocol: 30 cycles at 94 ℃ for
4 min, 94 ℃ for 15 s, 55 ℃ for 20 s, 72 ℃ for 40 s and a
final extension time of 6 min at 72 ℃. The PCR primers
were: sense 5’CCATCGTCCACCGCAAAT3’, antisense
5’TGCTCGCTCCAACCGACT3’. The PCR products
contained in 25 µL of the reaction volume were fractionated
by agarose 1.5% gel electrophoresis and visualized by
ethidium bromide staining.
Immunofluorescence analysis of K-ras protein
The cells were digested by 0.02% EDTA from culture dishes
and added in coverslips with caution. Thirty microliters of
4% paraformaldehyde were added to fix the dried cells for
30 min at room temperature, and washed with dH2O for
5 min; 30 µL of primary antibody were added (rabbit
anti-human K-ras, Boshide Co.) in a 1:100 dilution with
PBS to the cells, incubated in a humidified chamber for
90 min at room temperature, and washed thrice with PBS
for 5 min; 30 µL of second antibody were added with
FITC (goat anti-rabbit IgM, Proteintech Group Inc., USA)
in a 1:100 dilution with PBS, incubated in a humidified
chamber for 2 h at room temperature; again washed with
PBS for 5 min, and the cells were observed and recorded
using fluorescence microscope.

RESULTS
Increased apoptosis in MiaPaCa-2 cells that express K1/siRNA
and K2/siRNA
Cell cycle was determined by analysis of 1×10 5 cells of
MiaPaCa-2 stained by propidium iodide. Cells were sorted
by FACS, M1-apoptotic cells, M2-G0/G1 cells, M3synthetic cells, M4-G2/M cells. A critical function in Kras-mediated transformation is the increase in resistance to
apoptosis. The number of apoptotic cells was increased
among MiaPaCa-2 cells infected with K1/siRNA and K2/
siRNA. In quantitative terms, the percentage of apoptotic
cells in K1/siRNA and K2/siRNA infected cells were
43.16% and 24.79%, respectively. The percentage of
apoptotic cells in K3/siRNA and nonspecific siRNA infected
cells were 5.11% and 3.96%, respectively. The percentage
of apoptotic cells in normal cells and only shuttle reagent
infected cells were 1.74% and 2.46%, respectively. These
results provide functional evidence that oncogenic mutation
in K-ras is important for cell proliferation and resistance to
apoptosis (Figure 1).
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Detection of inhibition of K-ras mRNA expression in MiaPaCa-2
cells by RT-PCR
RT-PCR was used for analysis of K-ras RNA expression in
MiaPaCa-2 cells. The amplified DNA fragments were
fractionated by agarose 1.5% gel electrophoresis and
visualized by ethidium bromide staining. It showed that the
position of the RT-PCR products was located at 400 bp,
and the actin product as control was located at 500 bp; the
band intensity in correspondence with the cells infected with
K1/siRNA and K2/siRNA became weaker compared with
the control and normal cells, but the cells infected with
K3/siRNA were not different from the control cells. These
results provide the evidence that K1/siRNA and K2/siRNA
sequences targeting K-ras can inhibit the expression of K-ras
mRNA especially (Figure 2).
Detecting inhibition of K-ras protein expression by
immunofluorescence
We tested whether siRNA targeting K-ras could be used to
inhibit K-ras protein expression by immunofluorescence.
Cells were stained with FITC antibody and observed
through fluorescence microscope. The control cells displayed
much green fluorescence, and it nearly could not be seen in
the cells infected with K1/siRNA and K2/siRNA, but was
visible in the cells infected with K3/siRNA. These results
state that K1/siRNA and K2/siRNA reduce the K-ras
protein expression specially in MiaPaCa-2 cells (Figure 3).

DISCUSSION
The use of PCR products to express siRNAs in mammalian
cells was recently described by Castanotto et al[7]. SECs can
be introduced into cells to induce gene silencing without
prior cloning or sequencing. LineSilenceTM RNAi cassettes
(subject of US and PCT patent application filed by Allele)
are a superior SEC, which use a high level U6 RNA-based
human or mouse polymerase III promoter and modified
terminator, precise siRNA expression inside cells. The
strategy of SECs refers to manufacturer’s description.
Apparently, the activated K-ras gene may precede the
development of pancreatic cancer [8,9]. It suggests that
activated K-ras gene might be used in future screening
protocols for pancreatic cancer and it seems to be an
important target for novel anti-cancer therapies. Recently,
Howard Hughes Medical Institute researcher, Jacks[10], has
discovered that a gene commonly mutated in a wide range
of cancers can single-handedly trigger pre-cancerous
changes in cells. The discovery demonstrates that the
oncogene K-ras can initiate tumor development in ways that
were previously unappreciated. Therefore, we used SECs
of siRNA against several sequences of the K-ras gene to
selectively silence mRNA expression from activated K-ras
gene in MiaPaCa-2 cells, with the goal of identifying more
effective siRNA and examining the role of K-ras in human
pancreatic cancer.
Brummelkamp[11] reported that they used a vector that
mediated suppression of gene expression through RNAi to
specifically and stably inhibit expression of only the
oncogenic K-RASV12 allele in human pancreatic cancer cells.
Most studies about the effect of K-ras gene in pancreatic
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they could not inhibit expression completely are as follows:
(1) Intracellular expression of the transfected PCR products
had the problem of transfection efficiency; (2) Cells being
in the process of persistent division, siRNA could not
transfect into new born cells. K3/siRNA had no effect
on the expression of K-ras and cells. It is held that some
siRNA sequences designed with the exact principle were
not effective. It may be associated with genome position
siRNA location, which is influenced by genome secondary
structure interacting with protein[7] ; on the other hand,
efficient RNAi requires a perfect match of 21 bases between
the interfering RNA and its target sequence. Even one
mismatch at certain positions could dramatically reduce the
gene silencing effect[13]. We also designed control siRNA
(nonspecific siRNA), whose base pairs were the same as
K1/siRNA; but we changed GGTT from TGTG in K1/siRNA
sequence. The PCR product of control siRNA could not
influence cell proliferation; it demonstrated that the targeted
gene will be knocked-down by properly designed RNAi.
In contrast to siRNA expression vectors, which require
cloning and sequencing prior to use and must take 1-2 wk
to prepare, SECs can be prepared in less than a day. Because

cancer focused on codon 12 mutation of K-ras, but some
pancreatic cancer cells have K-ras mutations that occur at
other occasional spots or express high levels of wild-type
K-ras. So we searched for different sites of siRNA sequences
from human K-ras cDNA sequence, which were suitable
for the principle of siRNA synthesis. We used SECs to
identify the more effective siRNA sequence. We chose three
sites of siRNA including site 194, 327 and 491, except for
site 12. We tested cells interfered by siRNA from K-ras
mRNA, also for protein expression in the cells. We draw a
conclusion that different sites of siRNA had different effects
on the cells. The K1/siRNA and K2/siRNA into cells led
to inhibiting the expression of K-ras mRNA and protein
but not K3/siRNA. The effective siRNA sequences can
lead to substantial inhibition of proliferation and increased
apoptotic cells, but K3/siRNA had no effect. These illustrate
that activated K-ras gene plays an important role for the
cell proliferation and resistance to apoptosis. As Figure 2
shows, K1/siRNA and K2/siRNA only reduced the
expression of K-ras mRNA and protein but did not make
it disappear, and the siRNAs were effective when they
decreased the expression by over 50%[12]. The reasons why

60

M2

40
20

M3
M1

60
40

FL2-A

FL2-A

Counts

Counts

M1
M3

FL2-A
Marker % Gated
All
100.00
M1
2.46
M2
60.79
M3
10.84
M4
26.16

F

200

100
80

120
80

M3

M4

0

M2

60
M3

40
M1

M1

10

M4

0 200 400 600 800 1 000

160
M2

M3

10

Marker % Gated
All
100.00
M1
3.96
M2
69.80
M3
8.08
M4
18.53

E

M1

0
0 200 400 600 800 1 000

40

20

20

0

50

M2

30

M4

0 200 400 600 800 1 000
Marker % Gated
All
100.00
M1
1.74
M2
73.46
M3
4.53
M4
20.41

30

M3

20

0

D

40

M1

M4

50

M2

80
Counts

Counts

80

C

100

Counts

B

100

Counts

A

2029

M4

20

40
M2 M4

0

0
0 200 400 600 800 1 000

0 200 400 600 800 1 000

FL2-A

FL2-A

Marker % Gated

Marker % Gated

All

100.00

All

M1

43.16

M2

43.31

M3

7.50

M4

6.52

0 200 400 600 800 1 000

FL2-A
Marker % Gated

100.00

All

24.79

M1

2.46

M2

41.74

M2

60.79

M3

15.29

M3

10.84

M4

18.18

M4

26.16

M1

100.00
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nonspecific siRNA; D: Cells interfered by site 194 siRNA; E: Cells interfered by site 491 siRNA; F: Cells interfered by site 327 siRNA.

2030

ISSN 1007-9327

Marker

CN 14-1219/ R

1

World J Gastroenterol

2

3

4

April 7, 2005

5

Volume 11

Number 13

6

Figure 2 Detection of the inhibition of K-ras mRNA expression in MiaPaCa-2 cells by RT-PCR. Marker DNA2000 Marker; Lane 1: Normal cells;
Lane 2: Cells transfected without DNA; Lane 3: Cells interfered by nonspecific siRNA; Lane 4: Cells interfered by site 194 siRNA; Lane 5: Cells
interfered by site 491 siRNA; Lane 6: Cells interfered by site 327 siRNA; -actin is a control.

they are easy to prepare, SECs are ideal for screening siRNA
sequences and for identifying the most effective promoter
in an experimental system. Once an effective siRNA
sequence is identified, the SEC can be cloned into an
appropriate vector for subsequent long-term gene silencing
studies. In fact, SECs provide the perfect complement to
siRNA expression vectors. The method of SECs have some
deficiency, for example, it is difficult to transfect into cells,
its inhibition lasts for a short while and its effect in vivo is
still not clear, we had tried to use this method in vivo but
failed, the data will be shown in another paper. In our
experiment, we used RNAi transfection reagent, Shuttle
Reagent, and QIAquick purification reagent; chose suitable
dilution density of transfection and PCR products; we used
serum- and antibiotic-free media as diluents; we set up
several controls, including transfected shuttle reagent into
cells without DNA fragment and nonspecific siRNA. What

we did was to ensure that the inhibition of cell proliferation
was specific. However, some problems are difficult for us,
for example, how to express siRNA stably in vivo and how
to make siRNA reach its effective position and its side effects
on endogenous gene[14,15].
In summary, we can identify more effective siRNA
sequence against K-ras gene in human pancreatic cancer
cell line MiaPaCa-2 by SEC and reveal the anti-cancer
effects of RNA interference. siRNA may be a powerful
tool against K-ras expression, to be used therapeutically
against human pancreatic cancer.
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Abstract
We report an autopsy case of acute pancreatitis with a
high serum IgG4 concentration complicated by systemic
amyloid A amyloidosis and rheumatoid arthritis (RA). The
patient was a 42-year-old Japanese female with a 22-year
history of rheumatoid arthritis. She was diagnosed with
myasthenia gravis when she was 31-year old. At the onset
of pancreatitis, the patient was anti-nuclear antibody-positive,
and had high serum gamma globulin and IgG4 levels.
Dexamethasone and conventional therapy induced clinical
remission and significantly decreased the serum IgG4 and
gamma globulin. However, despite the decreased disease
parameters, the patient developed a bleeding pseudocyst
and died of cardiac failure. In the autopsy examination, it
was determined that pancreatitis was probably caused
by ischemia due to vascular obstruction caused by amyloid
deposition in the pancreas. Even though acute pancreatitis
is a rare complication in RA patients, we speculate that
an autoimmune pancreatitis-related mechanism and
ischemia due to vascular obstruction by amyloid deposition
might be attributable to a single source that leads to acute
pancreatitis in our particular case.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute pancreatitis is a relatively mild disease and has a low-

associated morbidity. However, 4-7% of acute pancreatitis
patients suffer from a severe illness that has been associated
with mortality rates approaching 20-50%[1]. Etiologies of
acute pancreatitis are bile duct stones, alcohol abuse, various
toxins, drugs, other obstructive causes, metabolic
abnormality, trauma, ischemia, infection, autoimmune
disease and idiopathic causes [2]. In previous reports,
pancreatitis occurring simultaneously with rheumatoid
arthritis (RA) has been associated with Sjögren’s syndrome
(SjS)[3] , anti-RA drugs[4] , and amyloidosis[5]. It has been
reported that a patient who developed amyloidosis following
ankylosing spondylitis died of pancreatitis[6]. Occasionally,
autoimmune disease is complicated by pancreatitis, which
has led to the concept of an autoimmune-related pancreatitis
and autoimmune pancreatitis has been correlated with other
autoimmune diseases such as SjS, primary sclerosing cholangitis,
ulcerative colitis, systemic lupus erythematosus[7] and myasthenia
gravis[8]. Patients with autoimmune pancreatitis/sclerosing
pancreatitis have several characteristic autoantibodies[7], and
high serum gamma globulin and IgG4 concentrations[9]. In
this paper, we report a rare case of acute pancreatitis in a
patient with RA, who had a high serum IgG4 concentration
and a condition complicated by systemic AA amyloidosis.

CASE REPORT
The patient was a 42-year-old Japanese female with a 22-year
history of RA. In 1989, she was diagnosed with myasthenia
gravis. In 1992, a stomach mucosal biopsy was carried out
and amyloid deposition was confirmed. In December 1998,
she had occasional epigastralgia after food intake. She had
no history of habitual alcohol consumption and she had
taken low-dose oral prednisolone (7.5 mg/d).
The patient presented with clinical pancreatitis with severe
epigastralgia, back pain, nausea and vomiting and she was
admitted to our hospital on January 7, 1999. On admission,
she had bilateral joint deformity of the elbow, wrist, MP,
PIP and DIP joints but no arthralgia and myasthenia. She
had a fever of 38 ℃, tenderness of the epigastrium region
and diminished bowel sound. Laboratory data showed the
following values: 8 058 IU/L serum amylase, 1 800 ng/dL
serum elastase 1, 1.946 g/dL gamma globulin, 1/160 ANA
and 156 mg/dL IgG4. Ultrasound (US) examination and
abdominal computed tomography (CT) scan revealed a
slightly thickened gallbladder wall with a small stone and
without biliary duct dilatation, and mild swelling of the
pancreatic head consistent with effusion of the peripancreatic
space. A left pleural effusion was identified by chest x-ray.
Treatment for pancreatitis with an intravenous protease
inhibitor, antibiotics and intramuscular dexamethasone
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(2 mg/d) was commenced on admission. On the 9th hospital
day, the patient’s condition became complicated with
congestive heart failure and bacterial pneumonia. From a
cardiac US examination, we suspected a case of cardiac
amyloidosis. On the 25 th d, abdominal pseudocysts were
found in hilum of the spleen and mesentery of the
transverse colon by abdominal CT (Figure 1). The severity
of abdominal symptoms was decreased by the treatment for
pancreatitis and additionally, serum IgG4 and gamma
globulin concentrations were decreased (31 mg/dL and
0.665 g/dL, respectively) on the 67 th d. However, serum
amylasemia continued to be severe, and we tried a new
therapy using an intrasubcutaneous somatostatin analogue
on the 75th d. Following this treatment, the serum amylase
level gradually decreased and the patient started to eat on
the 119th d.
On the 103 rd d, hemorrhage occurred in a pseudocyst
of the anterior spleen region. The patient complained of
epigastralgia, but the hemorrhage was diminished by
conservative treatment. However, re-bleeding in the same
pseudocyst occurred on the 150 th d, and anemia and
hemorrhagic shock developed. The patient’s condition
recovered slightly following blood transfusion, but she then
developed congestive heart failure. Several treatments for
heart failure did not seem to be effective and the patient
developed massive fresh blood stools and died on the 170th
hospital day. We were permitted to perform an autopsy.
The autopsy findings were as follows: A marked amyloid
deposition (AA type) was found mainly in the vascular wall
with stenotic and obstructive changes, and in stroma of the
heart, kidney, gastro-intestinal tract, liver, skin, pancreas and
other organs. Pancreatic pseudocysts of 5 and 10 cm in
diameter retaining blood and necrotic tissue were present
in the mesentery and peritonitis with yellowish turbid ascites
was identified in the mesentery and retroperitonea. In the
pancreas, extensive fibrosis with lymphocyte infiltration,
atrophy of acinar cells, dense pancreatic juice retention and
dilatation of the pancreatic duct were observed. The small
arteries and arterioles in the pancreas were obstructed and
narrowed by marked amyloid deposition on the artery walls
(Figure 2). There was no inflammatory cell infiltration in
the common bile duct of the pancreas. Heart enlargement
(500 g) occurred and the right and left ventricle extension
was most unsatisfactory. Histopathological examination
revealed diffuse amyloid deposition in myocardium and
vascular wall, and an intramural thrombus in the right atrium.
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Dense amyloid deposition in the stroma and vascular wall
was observed throughout the gastrointestinal tract. Multiple
ulceration of the rectum reached the muscle layer. These
results confirmed cardiac failure with systemic amyloidosis
as the cause of death of the patient.

DISCUSSION
We have reported an autopsy case of necrotizing pancreatitis
in a RA patient. In a postmortem histopathological
examination, amyloid deposition was observed on walls of
the small arteries and arterioles in the pancreas. Because
we did not observe inflammation in the pancreatic common
bile duct, the etiology of acute pancreatitis was not bile
duct stones. Several cases of pancreatitis in RA patients
have previously been reported[5,10], and in one of these cases,
amyloidosis was found. Oishi et al [5], described that fatal
pancreatitis is associated with systemic amyloidosis in RA
patients. In their report, a pancreatic biopsy is performed
and AA amyloid deposition is observed on the vascular
wall of pancreatic arteries and arterioles. It was speculated
that the impairment of microcirculation of the pancreatic
vasculature reduces the blood perfusion and causes more
rapid deterioration, compared to the natural course of acute
pancreatitis [5]. However, acute pancreatitis is a rare
complication in RA patients, and we strongly suggest that
pancreatitis is likely to be caused by ischemia due to vascular
obstruction by amyloid deposition in the pancreas, which is
brought about by RA-induced secondary AA amyloidosis.
Occasionally, autoimmune disease has been reported to
be complicated by pancreatitis, which has led to the concept
of an autoimmune-related pancreatitis[7]. In our case, some
of the clinical characteristics (presence of an autoantibody,
increased levels of gamma globulin and IgG4, effectiveness
of steroid therapy and association with another autoimmune

A

B

Figure 1 Enhanced abdominal CT shows the presence of pseudocysts.

Figure 2 Histological findings of pancreas stained with hematoxylin and eosin (A) and Congo red (B).
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disease, myasthenia gravis) correspond to autoimmune
pancreatitis. Hamano et al [9], reported that a high serum
IgG4 concentration provides a useful means of distinguishing
autoimmune pancreatitis/sclerosing pancreatitis from other
diseases of the pancreas and biliary tract. In our case,
dexamethasone and conventional therapy induced clinical
remission and significantly decreased the serum IgG4 and
gamma globulin levels. These results indicate that acute
pancreatitis might be triggered by the same mechanism of
autoimmune pancreatitis that was present in our case.
However, acute pancreatitis and pancreatic cysts are unusual
findings in autoimmune pancreatitis[7] and autopsy examination
does not definitely indicate autoimmune pancreatitis. Hence,
we speculate that an autoimmune pancreatitis-related
mechanism may exist, which might be attributable to a single
source that can also lead to acute pancreatitis.
In summary, acute pancreatitis is a rare complication in
RA patients, but RA patients with systemic AA amyloidosis
can develop acute pancreatitis from ischemia due to vascular
obstruction by amyloid deposition. Such cases might be
considered to be autoimmune-related pancreatitis because
of the presence of autoantibodies, a high serum IgG4
concentration and an association with other autoimmune
diseases.
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Abstract
AIM: To present a case of acute mesenteric and portal
vein thrombosis treated with thrombolytic therapy in a
patient with ulcerative colitis in acute phase and to review
the literature on thrombolytic therapy of mesenteric-portal
system. Treatment of acute portal vein thrombosis has
ranged from conservative treatment with thrombolysis
and anticoagulation therapy to surgical treatment with
thrombectomy and/or intestinal resection.
METHODS: We treated our patient with intraportal infusion
of plasminogen activator and then heparin through a
percutaneous transhepatic catheter.
RESULTS: Thrombus resolved despite premature
interruption of the thrombolytic treatment for neurological
complications, which subsequently resolved.
CONCLUSION: Conservative management with plasminogen
activator, could be considered as a good treatment for
patients with acute porto-mesenteric thrombosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Acute portal vein thrombosis in non-cirrhotic patients is a
rare event (3-10% of all of portal hypertension)[1,2] and there

are only a few cases described in the literature.
The etiology is multifactorial, and includes local, systemic
and iatrogenic causes.
Acute systemic inflammatory diseases is one of the
systemic causes of acute portal vein thrombosis.
In patients with chronic inflammatory bowel diseases
the incidence of thrombo-embolic complications ranges from
1.3 to 39% and in the majority of cases the initial event is
deep venous thrombosis of the lower extremities, pulmonary
embolism and retinal artery thrombosis[3]. Thrombosis of
the splenic-mesenteric-portal system is a rare event. In a
study from the Mayo Clinic[3] , the incidence of thromboembolic complications among 7 199 patients with inflammatory
bowel disease was 1.3%. Only eight cases of mesenteric
thrombosis were found, and only three of those patients
had ulcerative colitis. In this group of patients the mortality
rate was 50%.
Recently local thrombolytic treatment of a few cases
of acute portal vein thrombosis in the porto-mesenteric
system has been described[4-9].
In this article we reported a case of mesenteric and portal
vein thrombosis associated with ulcerative colitis, who was
treated with local fibrinolytic recombinant tissue plasminogen
activator (rt-PA) via transhepatic route. We also reviewed
the literature on thrombolytic therapy of the mesentericportal system in non- cirrhotic patients.

CASE REPORT
A 40-year old female without any significant past medical
history was admitted for severe vomiting and diarrhea
associated with bloody stools and fever. On physical
examination she was found to have signs of ascites, hepatosplenomegaly and abdominal distension without peritoneal
signs.
She was hemodynamically stable. Her laboratory results
revealed: mild anemia (Hgl: 9.6 g/dL), low platelet count
(50 000/mL), abnormalities in her liver test (AST: 135 U/L,
ALT: 191 U/L) and coagulopathy: INR: 2.19, factor VII:
46% (nl: 70-130%), factor XI: 32% (nl: 50-150%), von
Willebrand factor>120 IU/dL (nl: 60-150 IU/dL), and
factor VIII:192% (nl: 50-150%), and a significant decrease
in AT III: 54% (nl: 70-120%) and fibrinogen: 1.06 g/L (nl:
1.5-4.5 g/L), as well as elevated D-dimers: 2.71 mg/L (nl:
<0.25 mg/L). Antiphospholipid antibodies were negative.
These results suggested the presence of disseminated
intravascular coagulation (DIC).
A colonoscopy was performed which showed evidence
of active ulcerative colitis with erosions, ulcers and pseudopolyps.
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Figure 1 Partial occlusion of the main portal vein (left) and complete occlusion of prossimal superior mesenteric vein (right) shown
on abdominal CT-angiogram.

Colonic biopsies confirmed the endoscopic findings of
inflammatory bowel disease. An abdominal CT-angiogram
demonstrated complete occlusion of the right branch and
partial occlusion of the main portal vein, while the left
branch was patent. The proximal portion of the superior
mesenteric vein was completely occluded while the splenic
vein was patent. There was partial flow in the portal and
mesenteric veins (Figure 1). A Doppler US of the abdominal
vessels showed hyperechogenic thrombi indicating a
recent event. Since the thrombosis appeared to be the result
of an acute event, and occurred in a hemodynamically
stable patient without any sign of intestinal infarction, a
decision was made to use local thrombolytic therapy. The
portal branch of the fourth segment was cannulated via an
anterior, transhepatic route using a 5 F catheter. Angiography
confirmed the CT scan and ultrasonographic findings
(Figure 2).
Alteplase- (rt-PA) was administered at the following doses:
an initial 10 mg bolus in ten minutes was followed by 40 mg
in 100 mL of saline solution at 1.5 mL/min in the first
hour and 50 mg in 100 mL of saline solution at 0.8 mL/min
in the successive 2 h. Two hours following the administration
of the initial dose (at a cumulative dose of 75 mg) the
patient developed tonic-clonic seizure and rectal bleeding.
Cerebral hemorrhage was suspected and therefore the
thrombolytic therapy was halted. Head CT showed a
small ischemic lesion with an area of hemorrhage in the
white matter in the centre of the left semi-ovale. On
electroencephalography diffuse cerebral irritability was
noted. The symptoms completely resolved in 24 h after
conservative management, without any residual signs. A

Figure 2 Complete occlusion of the right branch and partial occlusion of the main portal vein and proximal portion of superior mesenteric vein shown by angiography via transhepatic cathether.
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48 h follow up angiography showed complete resolution of
the superior mesenteric and main portal vein thrombosis,
and partial resolution of the thrombi in the right portal
branch (Figure 3).
As the patient became stable, the neurologic signs resolved
and the coagulation profile normalized, anticoagulation was
started using a transhepatic approach with continuous
heparin infusion at a low dose of 15 000 IU/ d for 9 d. At
the completion of the transhepatic heparin treatment, the
portography showed resolution of the residual thrombi and
patency of the mesenteric-portal-splenic system, including
the right portal branch. The transhepatic catheter was
removed 11 d after insertion using haemostatic material
without any hemorrhagic complications. Low molecular
weight heparin anti Xa nadroparin 0.4 mL (3 800 IU) was
continued for six months. The patient was discharged 20 d
following admission without any residual neurologic sign,
and in good overall clinical condition. A 6-mo follow-up
CT scan demonstrated complete resolution of the thrombi
in the portal, superior mesenteric and splenic veins. At the
5-year follow up visit the patient was asymptomatic, and a
follow-up abdominal Doppler US showed patent portal,
mesenteric and splenic veins. Her ulcerative colitis was in
clinical remission while the patient was on maintenance
treatment with sulfasalazinea. Repeated colonoscopy and
biopsies were negative for active acute or chronic inflammatory
bowel disease.

DISCUSSION
Thrombosis of the portal system is a rare event in noncirrhotic patients. As it frequently presents with nonspecific
symptoms, it remains a diagnostic challenge for the clinicians.
There is no specific standard treatment for such cases.
Thromboembolic events are a well-known complication
in patients with inflammatory bowel disease with incidence
of 1.3-39%[3]. Thrombosis of the portal-mesenteric system
is a rare event with a high mortality rate (50%) in patients
with ulcerative colitis. In the majority, thrombosis is
associated with a hypercoagulable state associated with
increased levels of thromboplastin, fibrinogen, factor VIII
and elevated platelet count. Accelerated spontaneous platelet
aggregation and possibly protein S and C deficiencies caused
by vitamin K malabsorption are also common findings[10].

Figure 3 Complete resolution of superior mesenteric and main portal
vein thrombosis and partial resolution of thrombi in right portal branch
shown by angiography via transhepatic cathether (48 h follow up).

Guglielmi A et al. Transhepatic fibrinolysis
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Acute thrombosis can result in intestinal ischemia and venous
infarction. The treatment of choice is surgical resection of
the affected bowel. When thrombosis is not complicated
with infarction, and the patient is hemodynamically stable,
the use of systemic or local thrombolysis has been a welldescribed therapeutic option[11,12].
Surgical intervention is associated with a high mortality
rate (up to 59%)[13] with a high number of reinterventions
and postoperative complications, such as short bowel
syndrome, pulmonary embolism, sepsis and wound infections.
When surgical intervention is combined with systemic
anticoagulation, the mortality rate appears lower (22-39%),
while the use of systemic anticoagulation alone decreases
the mortality only to 44%. This latter approach is also
associated with a higher recurrence rate (71%) when
compared with the combined approach (32%)[14].
Local thrombolysis has been proposed as a therapeutic
modality to lower the mortality and morbidity rate in these

patients. We are not aware of any fatality following local
thrombolytic therapy, although this therapeutic option has
been used in highly selected and less complicated cases.
The route of administration of local fibrinolysis could be
arterial or venous. The arterial approach allows thrombolysis
either in intramural venous branches or in marginal veins
of the intestine, and is best suited for the collateral veins[15].
The venous one has a more intense and direct thrombolytic
effect. The venous use of the rt-PA reduces the risk of
hemorrhage, due to the fast hepatic metabolism of the drug
and consequently less systemic effects. Direct portal
administration of the drug has been described by various
percutaneous techniques[11]. The thrombolytic agents utilized
are urokinase and rt-PA. The latter has the advantage of a
high selectivity for fibrin, and a more efficacious dissolution
rate of the thrombi[16,17].
A review of the literature revealed only three cases of
porto-mesenteric thrombosis in patients with ulcerative

Table 1 Acute mesenterico-portal thrombosis treated with local thrombolytic therapy
Author

Year

Etiology

Thrombus site

Access

Yankes JR

1988

Pancreatic

Superior mesenteric

Transhepatic

cancer

vein (SMV)

Splenectomy

Portal vein (PV)

Non noted

and SMV
PV and SMV

Treatment

Complications

Outcome

Urokinase for 4 h

Laparotomy with

Thrombus

then angioplastic
dilatation and systemic

ileal resection 2 wk
after treatment

resolution

heparin
Bilbao JI
Demertzis S

1989
1994

Tranhepatic

Urokinase for 12 h then

None

Thrombus

Mesenteric

systemic heparin
Surgical thrombectomy,

None

resolution
Thrombus

reintervention, local rTPA

resolution

for 48 h then local heparin
Miyazaki Y

1995

Ulcerative colitis PV and PV branches

Transhepatic

for 4 d
Systemic urokinase and local

None

rTPA for 30’ then urokinase for

Thrombus
resolution

6d
Poplausky MR

1996

Gastric cancer

Portal and superior
mesenteric vein

Arterial

Urokinase for 48 h with
systemic heparin

Tsuijikawa T

1996

Crohn’s disease

PV, SMV and splenic

Arterial

rTPA 1 h and urokinase

vein (SV)

for 14 d and systemic

None

Partial
thrombus

None

Thrombus

resolution

heparin and serin-protease
inhibitors
Ludwig DJ

1999

Protein S

PV, SMV, and SV

Arterial

deficiency
Sze DY

Antoch G1

2000

2001

Protein S
deficiency

Protein C

Urokinase for 4 d

resolution
None

Thrombus

GI bleeding,
exploratory

Thrombus
resolution

and systemic heparin
PV, right PV branch,
SMV and SV

PV and SMV

Arterial

Arterial

deficiency (n = 1)

Urokinasefor 16 h
and sistemic heparin

Urokinase for 8 d
then systemic heparin

resolution

laparotomy

after transjugular

and jejunum

mechanical

resection
Bleeding at the

thrombolysis
Thrombus

catheter site after

resolution (?)

5 d of therapy in
Tateishi A

2001

Down syndrome Pv, SMV and SV

Arterial

and protein S
deficiency
Aytekin C

2001

Chronic
Pancreatitis

Systemic thrombolysis ,

one case
Evolution to

Reduction of

with heparin sc, than local

portal cavernoma

the thrombus

None

Thrombus
resolution

Epistaxis and
hematuria

Persistent thrombus
in the right PV

urokinase for 11 d
Partial PV

Transhepatic

4 cycles of systemic
thrombolysis, then
local thrombolysis
with urokinase

Kercher KW

(1 3 cases).

2002

Splenectomy

PV, PV branches,
SMV and SV

Transjugular

Local thrombolysis:
mechanical attempt
followed by urokinase

branch and PV

for 45 h, then systemic heparin

partial occlusion
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colitis[7,18,19]. Two of them were treated with either surgical
intervention (colectomy) and the thrombi were resolved 3
mo after the intervention[18] or systemic anticoagulation which
resulted in portal cavernoma[19]. The only case treated with
local thrombolysis was a patient with ulcerative colitis and
portal thrombosis (main trunk and intrahepatic branches).
The therapeutic regimen was systemic thrombolysis with
urokinase for 7 d followed by local thrombolysis. This
approach was applied due to hemorrhagic complications
of systemic anticoagulation and treatment failure (no
resolution of the thrombi). Rt-PA 3 000 UI (5 mg) was
administered over 30 min, followed again by urokinase for
6 d using the transhepatic approach to resolve the thrombi[7].
The use of rt-PA as a thrombolytic agent in portomesenteric thrombosis was described in two other cases
associated with other underlying etiologies[20-22]. In the case
reported by Tsujikawa et al [20], the thrombolytic agent was
urokinase given via a catheter positioned in the superior
mesenteric artery. The dose of urokinase was 1 600 000
IU bolus in the first hour (2 mg) followed by a continuous
urokinase infusion (120 000 UI/d for 14 d) for 14 d. In
the other case described by Demertzis et al[6], the portal and
mesenteric thrombosis was treated with 50 mg rt-PA
administered through the portal vein during surgical
intervention followed by 200 mg rt-PA in 48 h through a
catheter positioned in the superior mesenteric artery. No
hemorrhagic complications were reported.
We used thrombolytic therapy with the same protocol
used for the treatment of myocardial infarction, and it
was stopped because of the hemorrhagic event. As the
hemorrhagic complication resolved, we used continuous low
dose local heparin treatment for 9 d, and then low molecular
weight heparin for 6 mo. Despite the fact that the thrombolytic
treatment was prematurely terminated, thrombosis resolved
and did not recur during a long term follow-up. Based on
our experience and review of the literature (Table 1), we
believe that local thrombolytic therapy given through the
portal vein using the percutaneous approach should be
considered as a feasible, efficacious and safe treatment of
choice for patients with acute porto-mesenteric thrombosis
without intestinal ischemia. This treatment modality has a
low complication rate, and a low mortality. Further studies
are needed to determine the exact dose and administration
modalities of rt-PA in order to minimize its side effects,
while maintaining its efficacy.
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Abstract
The case of a 22-year-old patient with symptomatic
hypokalemia caused by rhabdomyolysis is presented as a
rarely reported complication of gluten-sensitive enteropathy
(GSE) and dermatitis herpetiformis Duhring. The patient’s
myopathy ceased on potassium supplementation and her
other complaints resolved while on gluten-free diet.
Recovery was otherwise uneventful with a rapid decline
in serum CPK level. At the time of her last follow-up a
few months later, she was free of symptoms and CPK
remained stable. Patients with GSE may present with
hypokalemia in association with diarrhea and emesis, and
if potassium loss is rapid, rhabdomyolysis may occur.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Symptomatic hypokalemia caused by diarrhea is uncommon
in adults. Rhabdomyolysis is an acute skeletal muscle disorder
characterized by altered integrity of the cell membranes of
muscle fiber cells and can be caused by a variety of factors
whose nature is not necessarily traumatic. Hypokalemia is
one of the most common metabolic causes, accounting for
about 14-28% of rhabdomyolytic syndromes. Isolated cases
of hypokalemic myopathy have been described in infections
(salmonella, strongyloides, yersinia or giardia) or in patients
with malabsorption[1-4]. We present a case of hypokalemic

myopathy as a rarely reported complication in a patient with
gluten-sensitive enteropathy and dermatitis herpetiformis
Duhring treated at our department.

CASE REPORT
A 22-year-old female patient with chronic diarrhea, frequent
vomiting, weight loss, fatigue and progrediating proximal type
muscle weakness in her extremities was admitted to our clinic.
There was no family history of renal or musculoskeletal
disease nor had she experienced any trauma, drug abuse or
vigorous exercise. She presented with bullous, intensely itching
cutaneous lesions which clinically resembled Herpes zoster
or dermatitis herpetiformis (Duhring’s disease) (Figure1).
On physical examinations she was found undernourished.
Laboratory findings confirmed hypokalemia (2.1 mmol/L)
and high creatine phosphokinase, raised aldolase and lactic
acid dehydrogenase levels. Other biochemical and hematological
laboratory values were normal or in the normal range. She
had no fever, fecal cultures were all negative, and serology
for viruses was also negative, so no recent infection was to
be suspected. There was a symmetrical and dominantly
proximal muscular weakness of all four extremities. Mentation,
cranial nerves and the results of sensory examination were
normal. She developed symptoms suggestive of polymyositis,
which is an autoimmune disease characterized by muscle
weakness progressing over weeks or months with myalgia,
muscle fiber necrosis, regeneration and mononuclear cellular
infiltrate and myopathy, but further investigations (muscle
biopsy, EMG and immunological investigations) excluded
the disease (Figure 2).
Jejunal biopsy confirmed the typical histological findings of
GSE; both IgG and IgA type antigliadin, antiendomysial and
anti-tissue transglutaminase antibodies were positive (Figure 3).
The dermatologist confirmed Duhring’s disease (diagnosis
was made by skin biopsy). Both ECG and motor- as well as
sensory-nerve conduction studies were normal but tests for
urinary myoglobin were positive. Blood-chemical findings on
admission and during hospitalization are shown in Figure 4.
The patient’s myopathy ceased on potassium supplementation
and her other complaints resolved while on gluten-free diet.
Recovery was otherwise uneventful with a rapid decline in
serum CPK level. At the time of her last follow-up 18 mo
later, she was symptom-free and CPK remained stable.
DISCUSSION
Dissolution of striated muscle fiber with leakage of muscle
enzymes, myoglobin, potassium, calcium and other
intracellular constituents can occur in anyone under particular
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Figure 3 Marsh III-C, total villous atrophy, the villi are absent or
rudimentary, the mucosa resembles colonic mucosa.

IU/L

Figure 1 Pruritic eruptions with multiple, herpetiform, erythematous papulovesicles on the forehead.
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Figure 2 Hematoxylin and eosin section of muscle shows no
alterations.

Figure 4 Blood-chemical findings on admission and during hospitalization (CPK and LDH).

circumstances and the consequences can be severe and
sometimes fatal[5]. There are no studies on the incidence of
rhabdomyolysis in the literature and many mild cases
probably go unrecognized. Rhabdomyolysis is defined as an
acute increase in serum concentrations of creatine kinase to
more than five times the upper normal limit after myocardial
infarction has been excluded as a cause (CK-MB fraction less
than 5%). Visible myoglobinuria occurs when urinary myoglobin
exceeds 250 µg/mL (normal <5 µg/mL), corresponding to
the destruction of more than 100 g of muscle.
The causes of rhabdomyolysis are diverse but all lead
to a critical increase in sarcoplasmic calcium and intracellular
damage by activation of calcium-dependent proteases and
phospholipases. Risk is increased by pre-existing metabolic
factors such as hypokalemia, hypophosphatemia, and
hyponatremia. Single episodes are most commonly caused
by infections (viral, bacterial or other), drugs, or physical
factors such as compartment syndromes, ischemia, reperfusion
(including surgical procedures) and pressure from hard
surfaces in comatose patients.
We present here a rare case of rhabdomyolysis. No
symptoms of recurrent rhabdomyolysis were present
suggesting that an inherited disorder of muscle metabolism
was highly improbable. In addition, other precipitating factors
(e.g., alcohol, trauma, strenuous exercise or - less frequently
- hypothyroidism, metabolic myopathies or drugs) were either
absent or could be excluded.
Two different possible interpretations for the pathophysiology
of the myopathy were raised at start-up: polymyositis in
which an infection played an indirect role as a trigger; and
infection per se, both of which were excluded. In our patient,
the clinical and histopathological features entirely met the

diagnostic criteria for celiac disease with the co-existence
of dermatitis herpetiformis.
Dermatitis herpetiformis or as formerly described in
the literature, Duhring’s disease is an important associated
disorder or complication of celiac disease which is manifested
in the form of a skin rash and has a typical onset in the
teens or in the third or fourth decades of life. Dermatitis
herpetiformis is often referred to as “celiac disease of the
skin”, while CD is referred to as “celiac disease of the gut.”
Patients with GSE may present with hypokalemia in
association with diarrhea and emesis; if potassium loss is
rapid, rhabdomyolysis may occur. As severe progressive
neuromuscular symptoms do not seem to result from acute
hypokalemia, unless there is preexisting potassium depletion,
chronic diarrhea or malabsorption may be crucial for the
development of hypokalemic myopathy. Malabsorptionassociated hypokalemic rhabdomyolysis may be a severe
complication and should be considered as a potential cause
of rhabdomyolysis in GSE.
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Abstract
Few clinical studies have demonstrated an anti-proliferative
activity of somatostatin (SST) analogs in carcinoids.
We report the case of a woman with liver metastases of
neuroendocrine tumor and no evidence of the primary
tumor. The liver metastases were characterized by high
proliferation index, immunoreactiviy for somatostatin
receptor (SSTR)-1, 2, 3 and 5 and positive octreoscan.
Urinary 5-hydroxyindolacetic acid, serum serotonin and
chromogranin A were elevated. Slow release lanreotide
(SR-LAN) therapy for 3 mo controlled clinical and biochemical
signs of carcinoid tumor and caused a clear-cut reduction
in the diameter of two liver metastases and disappearance
of another lesion, with further reduction after 6 and
18 mo. We demonstrated a clear-cut long-lasting antiproliferative effect of SR-LAN on liver metastases of
occult carcinoid with high proliferation index and
immunoreactivity for SSTR-1, 2, 3, and 5. Immunohistochemistry for SSTRs could be a suitable method for
the selection of patients with metastatic carcinoid that
may benefit from SST analog therapy.

INTRODUCTION
Carcinoid tumors are the most frequent neuroendocrine
tumors of the gastrointestinal (GI) tract[1]. Although initially
believed to be mostly benign, these neoplasms have
demonstrated different biological and clinical behavior and
have recently been classified as either well-differentiated
endocrine tumors or as well-differentiated or poorly differentiated
endocrine carcinomas[2,3]. Carcinoid tumors, with the exception
of those originating in the rectum, produce a variety of
biologically active substances (most commonly serotonin
and tachykinins), which may account for the carcinoid
syndrome with flushing, diarrhea, bronchial constriction, and
right heart disease[3,4].
Somatostatin (SST) is known to inhibit proliferation and
secretion of normal and tumor endocrine cells expressing
SST receptors (SSTRs). Five different SSTR subtypes have
been identified and the anti-proliferative effects of SST
have mainly been ascribed to SSTR1, SSTR2, and SSTR5
activation[5,6]. Long acting SST analogs (lanreotide, LAN,
and octreotide, OCT) have been shown to be effective in
controlling symptoms of carcinoid syndrome[4,7]. By contrast,
few studies have demonstrated an anti-proliferative effect
of these drugs on metastatic carcinoid tumors[8,9]. The clinical
use of SST analogs is based on the expression of SSTRs in
such tumors. This expression can be demonstrated by both
in vitro and in vivo studies, the latter by SSTR scintigraphy[10].
The in vitro characterization of SSTR subtype expression
has been carried out in only a limited number of studies,
which have reported specific immunoreactivity for SSTR1
and SSTR2 in 86%, for SSTR3 in 71%, and for STTR5 in
83% of 36 carcinoid tumors[11] .
In this report, we describe a patient with liver metastases
of occult carcinoid tumor, in whom therapy with the slow
release (SR)-LAN was associated not only with symptom
improvement but also with sustained reduction in metastasis
size. We also evaluated SSTR subtypes expression by
immunohistochemistry and its correlation with in vivo SSTR
scintigraphy.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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CASE REPORT
A 72-year-old woman presented in 2002 with multiple
liver lesions, incidentally discovered by abdominal
ultrasonography (US) performed for gallstones follow-up.
The patient reported a 2-year history of abdominal pain
and intermittent diarrhea but did not complain of rash and
flush episodes. Past medical history and family history were
not remarkable and occurrence of multi-endocrine neoplasia
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Figure 1 Abdominal CT scan obtained before initiation of SR-LAN
therapy (A) showing the liver metastasis (black arrow) at the VI
hepatic segment (diameter 70×60 mm). CT scan obtained after 3
(B), 6 (C) and 18 (D) mo of SR-LAN demonstrates a significant reduction in the size of liver metastasis.

type 1 (MEN1) was not documented. Physical examination
was consistent with overweight (BMI = 29 kg/m2), mild
hypertension (BP 145/90 mmHg) and normal heart rate.
Serum electrolytes, complete blood count, liver and renal
function were normal.
Abdominal CT showed multiple metastatic lesions at
the VI hepatic segment (diameter 70 mm×60 mm) and at
VII, V, and III segment (maximal diameters: 30, 10, and
10 mm, respectively) (Figure 1). US-guided liver biopsy
demonstrated neoplastic cells, consistent with ‘metastases
of neuroendocrine tumor’, with immunoreactivity for
chromogranin A (CgA), neuron-specific enolase (NSE),
and sinaptophysin. The Ki67 tumor proliferation index
was 15%. In tissue specimens from liver metastases,
immunohistochemical analysis was performed with specific
antisera against SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5
(Gramsch Laboratories, Schwabhausen, Germany) at 1:200
dilution in PBS. Visualization was performed with avidinbiotin-peroxidase complex (ABC). The cell nuclei were
counterstained with hematoxylin. All reagents were from
Vector Laboratories (Burlingame, CA, USA). Strong
membrane immunoreactivity was detected for STTR 1,
2, and 5; staining for SSTR3 was observed only in scattered
cells, while no immunostaining was evident for SSTR 4
(Figure 2). Endocrinological work-out showed normal
function of pituitary, thyroid and adrenocortical glands,
and normal serum levels of calcium and parathyroid
hormone. Urinary 5-hydroxyindolactetic acid (5-HIAA)
and serum serotonin levels were elevated [14 mg/24 h
(normal <5), and 248 ng/mL (normal <190), respectively]
(Table 1). Plasma CgA levels were also increased (922 ng/mL;
normal <98). By contrast, carcino-embryonic antigen and
NSE plasma levels were nor mal. Echocardiography
revealed no cardiac abnormalities. Whole body scanning
with In-111 octreotide (Octreoscan) visualized the liver
metastases (Figure 3), in the absence of other pathological
uptake in the planar images obtained 24 and 48 h after
injection. Esophagogastroduodenoscopy and barium study
of the small bowel were normal. Colonoscopy showed a
colon polyp, which on histological examination, was found
to be a tubulovillous adenoma, with no evidence of primary
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Figure 2 Most metastatic tumor cells in the liver demonstrate
immunoreactivity for STTR1 (A), STTR2 (B), STTR3 (C), and STTR5 (D)
on the cell membrane (×200).

carcinoid tumor either in the upper or in the lower GI
tract. CT scan of the pelvis and thorax, bronchoscopy
and bronchial brushing cytology were normal. Whole-body
18fluoro-2-deoxyglucose positron emission tomography,
FDG-PET, confirmed the presence of a FDG-positive
focus in the VII liver segment, without additional foci. At
diagnosis, Karnofsky Performance Status Scale was 80%
(100 = normal; 0 = dead), indicating the presence of some
signs or symptoms of disease[12] .
Table 1 Hormonal secretion before starting SR-LAN (0) and at 3, 6,
12 and 18 mo of therapy
0
Before starting
SR-LAN

3 mo

6 mo

12 mo

18 mo

CgA (ng/mL)

900.0

108.0

119.0

45.5

34.7

NSE (ng/mL)
Serotonin (ng/mL)

6.9
412

5.0
248

5.8
98

6.9
67

6.3
80

5-HIAA (mg/24 h)

14.0

2.5

2.4

3.2

2.2

The patient was treated with 30 mg SR-LAN im every
14 d. Follow up-investigations, including complete bloodcount, biochemical screening profile and evaluation of
plasma CgA and serotonin, and urinary 5-HIAA levels were
performed at 3, 6, 12 and 18 mo of therapy. CT scan was
performed at 3, 6, and 18 mo and whole body octreoscan at
12 mo. The diarrhea was completely resolved after 1 mo of
treatment. Serum serotonin and urinary 5 HIAA levels
markedly decreased after 3 (serotonin 248 ng/mL; 5
HIAA, 2.5 mg/24 h) and 6 (serotonin 98 ng/mL; 5 HIAA,
2.4 mg/24 h) mo of therapy, remaining within normal
range at 12 and 18 mo. Plasma CgA markedly decreased
after 3 and 6 mo (108 and 119 ng/mL, respectively) and
even more so after 12 and 18 mo of SR-LAN therapy (45.5
and 34.7 ng/mL, respectively) (Table 1). Abdominal CT
showed reduction in the size of liver metastases (Figure 1)
(maximal diameters: down to 35, 20, and 10 mm, respectively,
at the V, VII, and V hepatic segment), and disappearance
of the lesion at the III segment, after 3 mo of SR-LAN
therapy. CT scan remained stable at 6 mo, and showed a
further reduction in liver mass diameters (30 mm×28 mm

Bondanelli M et al. Somatostatin analog therapy in a case of metastatic carcinoid

for the lesion at the VI hepatic segment; 5 and 4 mm for
the lesions at V and III segment, respectively) after 18 mo
of therapy. Octreoscan confirmed the marked reduction
in liver uptake without other sites of pathological
accumulation of the tracer, at 12 mo after starting SRLAN treatment (Figure 3). Serum electrolytes, complete
blood- count, liver and renal function were still normal.
No side- effects were reported, except for mild pain at
the site of SR-LAN injection. Performance status improved
with an increase in Karnofsky index at 3 mo (90%,
indicating minor symptoms of disease), being unchanged
after 6 and 18 mo of therapy.

A

B

Figure 3 Liver metastasis (black arrow) visualized by whole body
scanning with In-111 octreotide (octreoscan) before initiation of SRLAN therapy (A). Octreoscan obtained after 12 mo of SR-LAN demonstrates a marked reduction in the liver uptake (B).

DISCUSSION
In patients with liver metastatic carcinoid tumors therapeutic
strategy includes several options: tumor debulking,
embolization of the hepatic artery, treatment with longacting SST analogs, interferon- (INF ), combination of
SST analogs and INF , systemic chemotherapy, and liver
transplantation[4,7]. SST analogs are of great value in the
treatment and prevention of carcinoid crisis, resulting in
disappearance or attenuation of symptoms in up to 6085% of patients[10,13,14]. However, many patients may show
desensitization, during treatment with LAN and OCT, within
weeks to months[15]. Our patient showed persistent clinical
and biochemical responsiveness to the treatment with 30 mg
of SR-LAN administered every 2 wk for 18 mo, associated
with an apparent reduction in liver metastases. The
control of tumor growth and suppression of hormone
hypersecretion ameliorated the quality of life in this patient
with metastatic unresectable carcinoid tumor.
The anti-proliferative and pro-apoptotic effects of SST
analogs have been demonstrated in several neuroendocrine

2043

tumors in vitro [6,16] and in vivo[17]. However, in humans the
anti-proliferative effects have been quite variable and few
clinical studies have demonstrated an antitumor activity of
SST analogs in GI neuroendocrine tumors. Stable disease
lasting from 3 mo up to 5 years has been achieved in 2070% of patients, whereas only a partial response has been
observed in <6% of patients[7,8,10,18]. In metastatic carcinoid
tumors, 30 cases of tumor regression (defined as more
than 50% reduction in tumor mass) have been reported in
the literature[9] and complete regression of these tumors
has rarely been shown[3,9,19,20].
Expression of SSTRs by neuroendocrine tumor may
play an important role, both in detecting the tumor and in
controlling the growth and hormone hypersecretion.
Octreoscan can detect carcinoid and its metastases with a
reported sensitivity of 82-95%[10], depending on tumor size
and on SSTRs expression. In our patient, the staining pattern
of SSTRs in specimens of liver biopsy was consistent with
the presence of the SSTR subtypes 1, 2, 3 and 5, in keeping
with previous evidence[11,21] . Moreover, the detection of
metastatic lesions with octreoscan, predicted the biological
and clinical response to therapy with SST analogs, as
observed by other authors [3]. However, in some cases the
results of SSTR scintigraphy are not consistent with those
obtained through immunohistochemistry. In fact, the
occurrence of a negative or low intensity uptake does not
completely exclude possible tumor responsiveness to SST
analogs and disease stabilization with this therapy[11,22].
The anti-proliferative effects of SST have been shown
to be mediated via activation of SSTR1, 2 and 5[5]. LAN, as
well as OCT, exhibits high affinity for SSTR2 and SSTR5
and low affinity for SSTR3[23]; in particular the expression
of SSTR2 is required, if neuroendocrine tumors are to
respond well to the currently used SST analogs[24,25]. SSTR3
is involved in apoptosis induction[5] and could explain the
tumor shrinkage observed in selected patients treated with
high doses of SST analogs[25,26]. Since different SSTR subtypes
seem to be involved in the inhibition of hormone secretion,
cell proliferation and apoptosis[5], SSTRs immunohistochemical
analysis should be performed in all patients, with metastatic
carcinoid lesions, in order to predict their clinical response
to SST analog.
A slow tumor growth rate before SST analog treatment
has been reported to predict a good response to OCT or
LAN therapy in patients with neuroendocrine tumors[8]. It
is known that elevated expression of nuclear antigen Ki-67
reflects high proliferative activity and may identify tumors
with more aggressive biological behavior[2,27]. Furthermore,
assessment of Ki-67 has been suggested to predict tumor
growth stabilization with SST analog treatment[8] . In our
patient, an elevated Ki-67 proliferation index was consistent
with advanced disease, but was associated with a good
responsiveness to the treatment with SR-LAN. Furthermore,
our data suggest that an aggressive biological behavior does
not exclude sensitivity to SST analogs.
Circulating tumor marker measurement may provide
useful information for the follow-up and management of
patients with carcinoid tumors[4]. In our patient, the reduction
in urinary 5-HIAA and serum serotonin levels were consistent
with the clinical response to treatment. Moreover, plasma
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CgA concentration significantly decreased during SR-LAN
treatment concomitantly with the reduction in tumor mass,
confirming that circulating CgA levels reflect the tumor
mass bulk and may be a useful prognostic indicator in patients
with metastatic carcinoid tumors[28].
In conclusion, a clear-cut, long-lasting anti-proliferative
effect of SR-LAN was documented in a patient with liver
metastases of occult carcinoid tumor, with high proliferation
index and immunoreactivity for SSTR1, SSTR2, SSTR3,
and SSTR5. Since individual SSTR expression pattern is
important for tumor biology and growth behavior of
neuroendocrine tumors, SSTR immunohistochemical analysis
should be performed in clinical practice in order to identify
patients with metastatic carcinoids that may benefit from
treatment with specific SST analogs.
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Abstract
Recently, a novel and distinct pancreatic cystic tumor termed
“mucinous nonneoplastic” cyst was described in the literature.
We report our experience with a 71-year-old female with
a cystic tumor in the body of the pancreas demonstrating
features suggestive of this diagnosis. We also review the
literature regarding this “novel” pathological entity and
discuss critically its existence and its differential diagnoses.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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pancreatic cystic tumor, which demonstrated features that
raised the possibility of this diagnosis.

CASE REPORT
A 71-year-old Chinese female on follow-up for low-grade
small lymphocytic lymphoma was found incidentally on
computed tomography (CT) to have a cystic lesion in the
body of the pancreas measuring 1.0 cm×0.5 cm. The pancreatic
ducts were not dilated. An interval CT performed 6 mo
later demonstrated an increase in the size of the cyst to
1.7 cm×1.4 cm (Figure 1). Magnetic resonance imaging
(MRI) was performed to further characterize the lesion
and it demonstrated a 1.8-cm cystic lesion in the body of
the pancreas seemingly communicating with the main
pancreatic duct (Figure 2). The main pancreatic duct and
its branches were not dilated and there were no mural
nodules. Laboratory investigations including the liver function
test, serum carcinoembryonic antigen and carbohydrate
antigen 19-9 were within normal limits. The patient
underwent distal pancreatectomy and splenectomy for an
indeterminate cystic neoplasm of the pancreas and final
histology demonstrated a simple cyst lined by mucinous
epithelium (Figure 3). There was no underlying stromal
condensation or epithelial dysplasia and communication with
the native pancreatic ducts could not be demonstrated
pathologically. The rest of the pancreatic tissue was
histologically unremarkable with no evidence of established
chronic pancreatitis. At a follow-up of 1 year, there was no
evidence of tumor recurrence.

http://www.wjgnet.com/1007-9327/11/2045.asp

INTRODUCTION
Cystic tumors of the pancreas consist of a diverse spectrum
of pathological entities and they may be broadly classified
into neoplastic and nonneoplastic cysts[1]. The predominant
cystic neoplasms are intraductal papillary mucinous tumors
(IPMTs), mucinous cystic tumors (MCTs) and solid
pseudopapillary neoplasms (SPPNs) which are either
premalignant or malignant[2]. Serous cystic lesions form the
other major group of cystic neoplasms and these are almost
always benign[3]. On the other hand, the nonneoplastic cystic
tumors consist of congenital cysts, lymphoepithelial cysts,
retention cysts and endometrial cysts[3].
Recently a novel nonneoplastic cystic change of the
pancreas was described which was termed mucinous
nonneoplastic cyst (MNC)[1]. We describe below a case of a

DISCUSSION
In 2002, Kosmahl et al[1], described a novel nonneoplastic
cystic change of the pancreas in five patients for which
they coined the term mucinous nonneoplastic cyst (MNC).
The same group subsequently reported four cases (total of
nine cases) demonstrating this novel cystic change in the
pancreas in a recent review of 418 cases of cystic tumors
of the pancreas[3]. MNCs occurred in five men and four
women with a mean age of 58 years (range, 20-88 years).
The cysts ranged in size from 3 to 12 cm and were localized
to the head (five), head/tail (one) and head/body (two) regions.
Three patients presented with obstructive jaundice secondary
to external compression of the common bile duct by the
cysts. MNCs are characterized pathologically by mucinous
differentiation of the lining epithelium, lack of cellular atypia
or increased proliferation, a thin rim of almost acellular
supporting stroma and the absence of communication with
the pancreatic ducts[1] . These cysts by definition do not
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Figure 1 CT scan demonstrating a 1.7-cm cyst in the body of the
pancreas.

Figure 2 MRI demonstrating the 1.8-cm cystic lesion in the body of
the pancreas seemingly communicating with the pancreatic duct.

demonstrate any neoplastic features such as dysplasia,
proliferative activity, invasive growth pattern or metastatic
spread. The origin and development of this entity are not
known and can only be speculated. Pathologically, MNCs
must be differentiated from other cystic tumors of the
pancreas which are lined by mucinous epithelium such as
MCTs, intraductal papillary mucinous tumors (IPMTs) and
retention cysts.
Retention cysts may occur secondary to intraluminal
obstruction of the pancreatic ducts from calculi or viscous
mucin. It may also be caused by narrowing of its lumen
from fibrosis due to chronic pancreatitis or neoplastic
infiltration of the periductal tissue [1,4]. Thus, although
retention cysts may share the similar mucinous lining
epithelium as MNCs, this diagnosis may be excluded by the
absence of potential causes or evidence of ductal
obstruction and the lack of communication between the
cyst and the pancreatic duct[1].
MCT of the pancreas is a large well-circumscribed
tumor, which usually presents as a unilocular or multilocular
cyst in the body and tail of the pancreas of middle-aged
females[5,6] . These tumors like MNCs have a mucinous
epithelial lining, which demonstrate periodic acid-Schiff
and Alcian blue cytoplasmic positivity, expressing
cytokeratins 7, 8, 18, 19 and 20, which decorate pancreatic
ductal cells[7,8]. Further similarities between the two include
expression of the mucin marker MUC5AC, which is seen
in nearly all MNCs and MCTs [1]. Despite numerous
similarities, histologically MCTs can be distinguished from
MNCs by the presence of dysplasia of the columnar lining
cells and more importantly the presence of a supporting
ovarian-like stroma in the former[1,5,9]. Thus, the principal
differences between these two entities lie within the stroma
and epithelium which has the potential for malignant
transformation[1] .
IPMT is a novel and distinct clinicopathological entity
described and distinguished from MCT by the World Health
Organization in 1996 and the Armed Forces Institute of
Pathology (AFIP) in 1997[4,9]. Like MCT and retention cysts,
it presents as a cystic tumor of the pancreas lined with
mucinous epithelium. This tumor is characterized by cystic
dilatation of the main pancreatic duct or its branches due
to large amount of mucin production and excretion through
the patulous orifice of the ampulla of Vater affecting mainly
elderly males[10]. IPMT is frequently associated with chronic

pancreatitis, communication between cyst and pancreatic
ducts and dilatation of the pancreatic ducts[11]. These tumors
have tall, columnar, mucin-containing epithelium often with
papillary proliferations and extensively involve the pancreatic
ducts[12] . The epithelial cells of IPMT like that of MCT
and unlike MNC usually demonstrate various grades of
atypia and dysplasia and thus have malignant potential.
According to Kosmahl et al [1] these tumors may be easily
distinguished from MNCs and MCTs by their communication
with the native pancreatic duct.
The pancreatic cyst in this report demonstrated histological
features suggestive of MNC including a unilocular cyst lined
by columnar cells with cytoplasmic mucin, absence of
cellular proliferation or atypia, no pathologically demonstrable
communication with the pancreatic duct and a thin rim of
paucicellular supporting stroma. Arguing against this
diagnosis, however, is the preoperative MRI that demonstrated
cyst communication with the main pancreatic duct, making
the alternate diagnosis of IPMT or retention cyst difficult
to rule out equivocally.
This case raises many questions about the existence of
MNC as a truly distinct entity. Kosmahl et al[1], emphasized
the difficulty in distinguishing MNCs from retention cysts
or MCTs. Apart from the lack of pathologic confirmation
of communication with the main pancreatic duct after
careful gross and microscopic examination, the absence of
evidence of ductal obstruction such as calculi, chronic
pancreatitis or neoplasm also supported the consideration

Figure 3 Cyst wall lined by single layered cuboidal to columnar
epithelium, rimmed by fibrocollagenous stroma. Pancreatic acini
are seen (arrow). Inset shows high magnification of the cyst epithelium,
with no evidence of dysplasia (hematoxylin and eosin).

Goh BK et al. Mucinous nonneoplastic cyst

2047

Table 1 Comparison between pancreatic retention cysts, IPMT, MCT and MNC
Retention cyst

IPMT

MCT

MNC

Mucinous epithelium

Present

Present

Present

Present

Cellular dysplasia

Absent

Usually present

Usually present

Absent

Communication between cyst and duct

Present

Present

Usually absent

Absent

Ductal obstruction with dilated duct

Present

Usually present

Usually absent

Absent

Secondary pancreatitis

May be present

Usually present

Usually absent

Absent

Ovarian-like stroma

Absent

Absent

Usually present

Absent

Gender

No predilection

Mostly male

Almost invariably female

No predilection

of MNC. A factor against the diagnosis of MCT in this
patient was that the supporting stroma was relatively acellular
and it did not have a demonstrable ovarian-like stroma.
According to Kosmahl et al [1], MNCs can be easily
differentiated from IPMT by the absence of communication
with the pancreatic duct, which was not seen pathologically
in all five cases of MNCs in their initial report. However,
this criterion for the diagnosis of IPMT is potentially
contentious as demonstration of ductal communication
depends on several factors including the choice of
preoperative imaging and the thoroughness of pathological
evaluation. Occasionally, ductal communication not seen
on CT or endoscopic retrogade cholangiopancreatography
(ERCP) may be obser ved on MRI or pathological
examination or vice versa[13]. Of the five patients reported,
none of them underwent MRI and only one patient was
subjected to an ERCP which did not reveal ductal
communication[1]. The other four patients only underwent
CT imaging, which is notoriously unreliable in demonstrating
ductal communication. Thus, it is possible that ductal
communication could have been demonstrated in some of
the reported cases if the patients had undergone MRCP
or ERCP. In our case, despite the demonstration of
communication with the main pancreatic duct on MRCP,
the diagnosis of IPMT was made less likely by the absence
of characteristic pathological features such as tall columnar
cells with papillary projections extensively involving the
pancreatic ducts, some degree of cellular atypia, dilated
pancreatic ducts, abundant mucin production and associated
chronic pancreatitis.
In conclusion, it can be seen that the diagnosis of MNC
may be extremely difficult as this tumor together with
pancreatic retention cysts, MCTs and IPMTs share many
overlapping clinicopathological features. The diagnosis
of each of these entities does not depend on any one
clinicopathological characteristic but a constellation of
features (Table 1). We recommend that patients with the
diagnosis of ‘benign’ MNC be followed up closely as in
view of its recent description, its natural history cannot be
assured to be benign. Furthermore, the existence of MNC
as a truly unique cystic lesion remains contentious as
reported cases of this entity may just represent variants of
existing pancreatic pathology, which share the common
pathological finding of a pancreatic cystic tumor lined with
mucinous epithelium. All surgeons and pathologists

areencouraged to report their experience with this entity to
broaden our collective experience of this novel entity.
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Abstract
This report describes the case of a 68-year-old woman
diagnosed with advanced gallbladder cancer, whose
autopsy revealed multiple metastases, including cardiac
metastases.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

which directly invaded the liver. Its biopsy revealed a
poorly differentiated adenocarcinoma. Her esophagogastroduodenoscopy (EGDS) revealed circumferential ulcerative
lesions of the second portion of the duodenum, which
appeared to be a direct invasion by the gallbladder carcinoma.
Ten days later, as anemia progressed, an EGD was repeated
and showed new, multiple elevated lesions in the stomach.
Their biopsies also showed poorly differentiated
adenocarcinoma. The patient was treated by a supportive
care and she died 1 mo later.
The autopsy revealed a poorly differentiated adenocarcinoma
of the gallbladder measuring 20 cm in diameter, which
directly invaded the liver, pancreas, and duodenum. Multiple
metastatic nodular lesions were observed in her kidneys,
adrenal glands, lungs, bones and heart. Surprisingly, multiple
tumors were observed in both the pericardium and the
myocardium with multiple coronary arterial tumor embolisim.
All nodular lesions were confirmed to be poorly differentiated
adenocarcinomas (Figure 1).

Key words: Gallbladder cancer; Metastasis; Metastatic
cardiac tumor
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INTRODUCTION
Primary carcinoma of the gallbladder is the most common
malignant tumor of the biliary tract although its overall
incidence is low. Its prognosis is generally poor since it is
often diagnosed at an advanced stage due to its non-specific
symptoms. The liver is the most commonly invaded organ
by direct extension or metastasis, followed by regional
lymph nodes. Extra-abdominal metastases could occur, but
are rare[1]. This report describes the case of a 68-year-old
woman with advanced gallbladder cancer, whose autopsy
revealed multiple metastases, including her heart.
CASE REPORT
A 68-year-old female was admitted to our hospital because
of hematoemesis, high grade fever and right upper quadrant
pain in November 2000. On admission, an elastic hard mass
with tenderness was palpable in the right upper quadrant.
An abdominal ultrasonography and computed tomography
scan revealed a gallbladder tumor of 7 cm in diameter,

Figure 1 Autopsy examination of the heart showed multiple tumors located in both the pericardium and myocardium. All nodular
lesions were confirmed to be poorly differentiated adenocarcinomas.

DISCUSSION
Metastases from gallbladder carcinoma commonly affect
the liver and the paraaortic lymph nodes. Clinical presentation
of gallbladder carcinoma with distant metastasis is rare.[1-3]
Metastatic neoplasms of the heart are not rare, but gallbladder
carcinoma is a rare malignant tumor as a primary site. In
525 autopsied cases who represented metastatic cardiac
tumors, there was only one case whose primary site was
gallbladder carcinoma[4]. Another report noted that five
patients in 122 cases of cardiac metastasis had a primary
gallbladder carcinoma[5]. Only four reported cases of cardiac
metastasis of the gallbladder carcinoma were found in the
Japanese literature.[4-6] Metastases in the myocardium and

Inoue T et al. Cardiac metastases of gallbladder carcinoma

endocardium were found most frequently to spread via the
hematogenous route associated with tumor embolism in the
coronary arteries. However, gallbladder carcinoma usually
spread to the heart via retrograde lymphatic flow through
the broncho-mediastinal lymphatic flow or extends directly
to pericardium[4]. Only one case with cardiac metastasis via
a hematogenous route during follow-up after resection of
the primary tumor was reported, but its pathology was
squamous cell carcinoma[6] . In our patient, the cardiac
metastasis may have occurred via both hematogeneous and
lymphatic routes, as autopsy showed both coronary arterial
tumor embolisim and pericardial metastases. Though the
hematogeneous route of cardiac metastasis of gallbladder
carcionoma is rare, it may be an important aspect of
metastasis, which should be kept in mind during follow-up.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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increases up to 32% in patients with cirrhosis[1-3] . It has
been demonstrated that liver failure is directly related to
the size of remnant functional liver volume, and various
procedures have been developed to induce liver regeneration.
Preoperative occlusion of the portal vein branches feeding
the hepatic segments to be resected reduced the risk of
postoperative liver failure after major liver resection and
increased the number of resectable patients[2-4].

Abstract

Pathophysiological characteristics of liver after PVE
Portal vein ligation (PVL) not only led to atrophy of the
ipsilateral lobe and hypertrophy of contralateral lobe in rats[5],
but also led to ipsilateral lobe atrophy and contralateral lobe
hypertrophy in humans[1,6,7]. These basic observations provide the foundation for the study of portal vein embolization
(PVE) for clinical purpose. The mechanisms underlying the
atrophy-hypertrophy complex are poorly understood. The
liver cells have the remarkable ability to dedifferentiate and
expand clonally. Stimuli leading to hypertrophy include a
combination of hepatic and extrahepatic factors. The
physiological trigger for hypertrophy is unknown. Some
cytokine, such as hepatocyte growth factor (HGF), transforming growth factor, and interleukin-6 may be involved[8].
Insulin and glucagon are both two natural nutrient factors
for liver cells and the increase of insulin and glucagon may
contribute to the hypertrophy of future liver remnant (FLR)
after PVE. Immediately after embolization, portal vein blood
flow to the unembolized liver measured by transcutaneous
Doppler ultrasonography increased significantly, and the
resulting hypertrophy rate correlated with blood flow rate[9-11].
Regeneration rate of non-cirrhotic liver was 12-21 cm3
per d 2 wk after embolization, about 11 cm3 per d at 4 wk
and 6 cm 3 per d at 32 d. For comparison, the rate was
slower at 2 wk in cirrhotic liver, only 9 cm3 per d[2,12,13]. So,
liver resection is always performed 4 wk following PVE.
Several reasons could explain the failure of hypertrophy
after technically successful PVE, among them are the activity
of the underlying chronic liver disease, the presence of
diabetes[14], the possible vascular recannulization of the
embolized portal vein branches and the presence of major
portal hypertension with portosystemic shunts[15,16].

To discuss the rationale, techniques and the unsolved
issues regarding preoperative portal vein embolization
(PVE) before major hepatectomy. After a systematic
search of Pubmed, we reviewed and retrieved literature
related to PVE. Preoperative PVE is an approach that is
gaining increasing acceptance in the preoperative
treatment of selected patients prior to major hepatic
resection. Induction of selective hypertrophy of the
nondiseased portion of the liver with PVE in patients with
either primary or secondary hepatobiliary, malignancy with
small estimated future liver remnants (FLR) may result in
fewer complications and shorter hospital stays following
resection. Additionally, PVE performed in patients initially
considered unsuitable for resection due to lack of sufficient
remaining normal parenchyma may add to the pool of
candidates for surgical treatment. The results suggest
that PVE is recomm-endable in treating the cirrhotic
patients before major liver resection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Complete resection of hepatic tumors remains the first choice
for curative treatment of primary and secondary liver malignancies, giving the patient the only chance of long-term
survival. In up to 45% of primary and secondary liver
tumors, extended liver resection is necessary to achieve clear
resection margins[1]. The reason for unresectability is that
often the remnant liver is of insufficient volume to support
postoperative liver function, which itself is still the principal
cause of postoperative death after major hepatectomy. The
mortality rate after major liver resection ranges from 3.2%
to 7% in patients with noninjured liver parenchyma and

Indications and contraindications for PVE
Indications At present, four factors are important to decide
whether and when to perform PVE. First, the ratio of FLR
to total estimated liver volume (TELV) should be calculated.
Second, cases need to be categorized into those with and
those without underlying liver diseases because these factors
will deter mine how much FLR is needed to reduce
postoperative morbidity and mortality. The minimum
absolute liver volume necessary to support post-resection
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hepatic function has not been clearly defined. However, an
FLR/TELV ratio of at least 25% is recommended in patients
with normal livers, with a ratio of at least 40% in patients in
whom the liver is considered stable (e.g., from chronic liver
disease or high-dose chemotherapy)[17]. When FLR/TELV
ratios are below these levels, PVE may be performed in an
attempt to increase FLR volume. Third, the presence of
systemic disease such as diabetes mellitus may limit hepatic
hypertrophy[14]. Insulin is a comitogenic factor with HGF
that often leads to fast rates of regeneration. Fourth, planning
for the type and extent of the anticipated surgical procedure
(e.g., right hepatectomy and pancreaticoduodenectomy) is
important because more functional hepatic reserve may be
required to reduce postoperative morbidity. Recent clinical
studies show that PVE with two-stage hepatectomy is
practicable for patients with multiple metastases in both
right and left liver[4]. From above, it comes that the PVE
should be considered in the following circumstances: (1)
major hepatectomy for patients with chronic liver diseases;
(2) extended hemihepatectomy for patients with normal liver;
(3) two-stage strategy for patients with multiple bilobar
metastases. The FLR ratio is calculated with data obtained
by three-dimensional volum-etric computed tomography
after PVE with the following formula: FLR/TELV = FLR/
(total liver volume-tumor volume)×100%.
Contraindications
Patients with metastatic diseases such as distant metastases or
periportal lymphadenopathy cannot undergo resection and
therefore are not candidates for PVE. Patients with bilobar
multiple metastases were not considered as the candidates
for PVE before[18], but recent studies confirm that some of
these patients can benefit from PVE in combination with
two-stage hepatectomy[4]. Other relative contraindications
for PVE include an uncorrectable coagulopathy, tumor
invasion of the portal vein, tumor precluding safe transhepatic access, biliary dilatation (in cases of biliary tree obstruction, drainage is recommended), portal hypertension, and
renal failure that requires dialysis. PVE in cases of tumor
invasion of the portal vein may not be warranted because
there may be no significant benefit from the procedure.
Issues regarding clinical practice
Preparation for PVE Prior to PVE, a complete patient
history is taken and a thorough physical examination
performed. Laboratory studies including complete blood
cell count, prothrombin time, liver function tests, and blood
urea nitrogen/creatinine levels are essential prior to PVE.
If patient has an elevated total bilirubin (>3.0 mg/dL),
percutaneous or endoscopic biliary drainage is beneficial.
CT scanning is a fundamental radiological investigation prior
to PVE, for it documents the extent of disease (i.e., extrahepatic disease or involvement of the planned FLR), FLR
size, and portal venous anatomy.
PVE techniques
Percutaneous transhepatic preoperative PVE is the most used
routine for PVE nowadays[2-4]. On the day of the procedure,
prophylactic broad-spectrum antibiotics (e.g., cefazolin,
ceftriaxone sodium) are administered intrave-nously for

April 14, 2005

Volume 11

Number 14

prevention of biliary sepsis. Although general anesthetic may
be requested, the procedure is most often performed with
local anesthetic (1% lidocaine hydrochloride) and intravenously
administered sedatives that allow the patient to remain
conscious. Ultrasonography of the liver is performed to
determine the best access route into the portal venous system.
Under sterile conditions, access into the portal venous system
is gained under ultrasonic or fluoro-scopic guidance or both.
The ipsilateral approach (access through the portion of the
liver to be resected) is recom-mended so as not to injure the
FLR. A portal venous access through tumor should be avoided,
for it may exacerbate tumor spread or cause subcapsular
hematoma. If the tumor burden is high, the contralateral
approach (i.e., access through the FLR) may be used. However,
this option must be wei-ghed against the possibility of causing
injury to the FLR or the portal veins that supply it. In addition,
transileocolical venous approach is an alternative performed
by a surgeon at open laparotomy with direct cannulation of
ileocolic vein[1]. It is particularly practicable for the patients
of colorectal cancer with liver metastasis, for the PVE can
be done at the surgery of primary tumor.
Choice of embolic agents
Various substances used have yielded different rates or degrees of hypertrophy of unembolized segments. Gelfoam,
coil, cyanoacrylate, polyvinyl alcohol, polydocanal, absolute
alcohol, fibrin, and lipiodol are used[3,19-22]. Both gelfoam
and coil are always used along with other substances for the
embolization of large branches of portal vein[19,20]. Gelatin
sponge is a generally used embolic material, but frequent
recanalization is found, especially 2 wk after embolization
if used alone. Fibrin glue has also been used as an embolic
agent, but PVE with fibrin glue is incomplete and it allows
recanalization in short time if used alone, whereas fibrin
mixed with lipiodol can achieve very good embolic effect[23].
But it is very expensive compared to other embolic agents.
Cyanoacrylate has a strong embolic effect and has been used
for obliteration of gastric coronary vein and esophageal
varices. It ensures PVE, which lasts for 4 wk, but massive
peribiliary fibrosis and casting of portal vein may increase
operative difficulty technically[21]. Polyvinyl alcohol is safe, it
causes little periportal reaction, and generates durable portal
vein occlusion while used in combination with coils[19]. PVE
with absolute alcohol may be particularly useful for hepatocellular carcinoma, although obvious alteration was found
in measured liver function following the embolization.
Lipiodol is a common embolic agent used for hepatic artery
embolization, and it results in very effective embolization
when used in combination with cyanoacrylate[3,20]. Polidocanol
induces thrombosis and necrotizing inflammation, so it is
used in sclerotherapy for esophageal varices. Comparison
of embolic effect between different agents shows that the
combination of polidocanol with gelatin sponge achieves
the best effects, followed by cyanocrylate, gelatin sponge,
and fibrin[20]. The effectiveness and safety of a new embolic
agent, Embol-78, have been reported, the mean volume of the
FLR increased to 38% in the hepatocellular carcinoma group,
and by 46% in the nonhepatocellular carcinoma group[22] .
Compared with other embolic agents, the authors think that
Embol-78 has several advantages. The partially hydrolyzed
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polymer Embol-78 was soluble in a less concentrated ethanol
solution and miscible in larger quantities of water-soluble
contrast media. The improved radiopacity (190 mg of
iodine/mL) was thus adequate to permit monitoring of the
embolization process with conventional fluoroscopy instead
of digital subtraction angiography. Concern about the
systemic toxicity of ethanol was also reduced because of
the hydrolysis reaction[22].
Efficiency of PVE
Surgical resection has been recognized as the most effective
treatment for patients with colorectal liver metastases. Indeed,
the mortality rate after hepatectomy has been reduced to
less than 5%, and satisfactory 5-year survival rates after
hepatectomy have also been reported up to 30%[21]. However, hepatectomy can be applied only for approximately
10-20% of patients with colorectal liver metastases. Among
the factors that are contraindications for hepatectomy,
insufficient functional volume of remnant liver after hepatic
resection can cause postoperative hepatic failure and it is
still an obstacle to a major hepatic resection. As one of the
solutions to this dilemma and in order to increase the
indications for a major hepatectomy, preoperative PVE has
been proposed to induce compensatory hypertrophy of the
contralateral FLR in patients with metastatic diseases. Two
to eight weeks after PVE, FLR may increase by 20-46%
with various embolic agents for patients with or without
liver parenchyma disease, and 70-100% patients can undergo hemihepatectomy or extended hemihepatectomy after
PVE [3,4,20,22]. PVE not only increases the pool of candidates for
hepatectomy, but also decreases significantly the incidence
of postoperative complications as well as the intensive care
unit stay and total hospital stay after right hepatectomy[2,3].
Therefore, Farges adopted routine performance of PVE
before major hepatectomy in patients with chronic liver
disease[3]. It was only the patients with tumors confined to
hemiliver that were considered as candidates for PVE before.
However, the recent clinical studies show that PVE with twostage hepatectomy is practicable for patients with multiple
bilobar metastases[4]. In two-stage strategy, the tumors in
the FLR are removed at first operation, then followed by
PVE and second hemihepatectomy or extended hemihepatectomy. But this strategy should be limited to patients with
no more than three nodules in FLR, which are less than
2.5 cm in diameter each. With two-stage strategy, 70%
patients can undergo second hemihepatectomy or extended
hemihepatectomy after PVE, and the 3-year survival rate
was 53%, which was comparable to that of one-stage group
or non-PVE group[4]. Broering et al[1], found that PVE and
PVL were both feasible and safe methods of increasing the
remnant functional liver volume and achieving resectability
of extended liver tumors without increasing mortality and
morbidity. Ligation or PVE with direct cannulation of
ileocolic vein of the tumor bearing portal vein branch is
reasonable for the patients with liver metastasis from colorectal cancer, and it can be done at the same surgery of the
resection of primary tumor. However, Jaeck et al[4], argued
against this attitude, holding that (1) development of portal
cavernoma with collateral circulation to the ligated lobe reduces
the efficiency of portal branch ligation; and (2) development
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of severe adhesions owing to the hilar diss-ection needed
for the ligation of the right portal branch consequently makes
it more difficult to perform second hepatectomy.
Complications of PVE
PVE is considerably less toxic than arterial embolization,
so side effects are minimal. Signs and symptoms of postembolization syndrome, such as nausea and vomiting, are
rare. Fever and pain are infrequent. Changes in liver function
following PVE are usually minor and transient (50% of
patients have no appreciable change). When transaminase
levels rise, they usually peak at a level less than three times
baseline 1-3 d after embolization and return to baseline in
7-10 d, regardless of the embolic materials used. Slight
changes in total bilirubin value and white blood cell count
may be seen. Synthetic function (e.g., prothrombin time)
was almost never affected. But mesenterioportal venous
thrombosis occurred in one patient[4]. This patient developed
acute gastrointestinal bleeding and encephalopathy, which
were conservatively treated, and a later ischemic duodenojejunal stenosis with subsequent mechanical occlusion
occurred. It is essential to avoid the reflux of embolizing
material into the portal venous branches of the remnant
liver. The balloon catheter is designed for this purpose[3,20].
Important unsolved issues regarding PVE
The purpose of PVE is to increase the hepatic functional
reserve of FLR as well as its volume[24] . However, there
are three major problems facing PVE: (1) PVE stimulates
the growth of hepatic tumor [2,25,26] ; (2) PVE may fail to
increase the volume of FLR in some patients, especially
those with fibrotic or cirrhotic liver[3] ; (3) Is PVE safe in
patients with high-grade varices? The mechanisms of fast
tumor growth after PVE are still poorly understood. Kokudo
et al [26] , assessed the proliferative activity of intrahepatic
metastases in the embolized liver after PVE in 18 patients
with colorectal metastases and found a significantly increased
tumor Ki-67 labeling index in the metastases group with
PVE compared to hepatic metastases without PVE. It was
postulated that the tumor growth after PVE might be
controlled by three factors: Malignant potential of the tumors;
changes in cytokines or growth factors induced by PVE;
and changes in blood supply after PVE. Animal models of
portal vein branch ligation demonstrated that HGF-mRNA
markedly increased in the non-ligated growing lobe, but
was only slightly elevated in the ligated shrinking lobe.
Increased tissue levels of HGF might increase the level in
plasma, thus stimulating the growth of hepatic tumors.
Barbaro et al [25], recently noted a significant increase in
hepatic tumor volume from colorectal carcinoma after PVE,
while hepatic tumor volume from carcinoid tumor was unchanged. Another factor potentially stimulating tumor growth
after PVE is increased hepatic arterial blood flow in embolized liver after PVE, for supply of intrahepatic metastases
depends solely on arterial blood supply[23]. But these cannot
explain why PVE increased hepatic tumor volume from
colorectal carcinoma, while did not stimulate the growth of
carcinoid tumor. Butyrate is known to stimulate proliferation
of normal crypt cells, whereas it induces apoptosis and has
antiangiogenic effects on colon cancer cells[27]. Therefore,
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the lack of butyrate from portal vein blood may contribute
to the increase in hepatic metastasis volume of colorectal
carcinoma and, meanwhile, the enrichment of butyrate in
FLR may help prevent tumor recurrence in patients treated
with two-stage strategy. Hepatic arterial blood flow in embolized liver is increased after PVE and the supply of intrahepatic metastases depends solely on arterial blood supply,
so PVE combined with transcatheter arterial embolization
(TAE) may help prevent tumor growth and at the same
time accelerate the hypertrophy of FLR. Pioneering reports
from Inaba et al, and Sugawara et al, have confirmed that
PVE in combination with TAE is safe, effective, and hence
recommendable. Portal vein pressure rises about 4 cm H2O
after PVE[22], however, there is no report of PVE-related
acute variceal hemorrhage. Liver transplantation is an
excellent alternative to liver resection in treating the cirrhotic
patient with small oligonodular HCC, but for large HCCs,
partial liver resection remains the best therapeutic option
for cure because neither liver transplantation nor
percutaneous treatments are indicated. So PVE has become
an important tool to induce hypertrophy of the FLR before
major liver resection in cirrhotic patients.
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Abstract
AIM: Microsatellites are the repeated DNA sequences
scattered widely within the genomes and closely linked
with many important genes. This study was designed to
characterize the changes of microsatellite DNA loss of
heterozygosity (LOH) in esophageal carcinogenesis.
METHODS: Allelic deletions in 32 cases of matched
precancerous, cancerous and normal tissues were examined
by syringe microdissection under an anatomic microscope
and microsatellite polymorphism analysis using 15
polymorphic markers on chromosomes 3p, 5q, 6p, 9p, 13q,
17p, 17q and 18q.
RESULTS: Microsatellite DNA LOH was observed in
precancerous and cancerous tissues, except D9S1752.
The rate of LOH increased remarkably with the lesions
progressed from basal cell hyperplasia (BCH) to squamous
cell carcinoma (SCC) (P<0.05). Three markers, D9S171,
D13S260 and TP53, showed the highest incidence of LOH
(>60%). LOH loci were different in precancerous and
cancerous tissues. LOH in D3S1234 and TP53 was the
common event in different lesions from the same patients.
CONCLUSION: Microsatellite DNA LOH occurs in early
stage of human esophageal carcinogenesis, even in BCH.
With the lesion progressed, gene instability increases, the
accumulation of this change may be one of the important
mechanisms driving precancerous lesions to cancer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Esophageal carcinoma (EC) is one of the six most common
malignant diseases in the world with a remarkable geographical
distribution. The prognosis of EC is very poor, its 5-year
survival rate is only about 10% for the patients at late or
advanced stage. Linzhou city (formerly Linxian) and nearby
counties in Henan Province, China, have been well recognized
as the high incidence area in the world. In the past years,
scientists from China and other countries have made much
research work in this area and found that esophageal
carcinogenesis was a multistep progressive process characterized
by multiple genetic changes (accumulation and overlap). The
early characteristic of the subjects predisposed to EC is the
abnormal proliferation of epithelial cells, morphologically
manifested as basal cell hyperplasia (BCH), dysplasia (DYS)
and carcinoma in situ (CIS), which could be considered as
precancerous lesions of EC. The precancerous lesions are
instable, i.e., they can develop to cancer, or stay for a couple
of years without any changes, or even return to normal.
What is the most important factor to decide the precancerous
lesions to develop in different directions, especially in those
with a similar morphology? What is the key point to induce
mild precancerous lesions to develop cancer? Our assumption
is that there exist different molecular changes in precancerous
lesions with a similar morphology. To characterize the
molecular changes in carcinogenesis of EC, the mechanism
of EC could be elucidated and the biomarkers for early
diagnosis and mass survey of high-risk populations could
be established[1].
Microsatellites are the repeated DNA sequences scattered
widely within the genomes and closely linked with many
important genes[2]. In recent years many researches have
indicated that the alteration of microsatellite DNA is one
of the important markers, which could induce normal cells
to undergo immortal and neoplastic transformations. It was
reported that an extensive loss of microsatellite DNA was
discovered in many tumors such as colon cancer. Some

2056

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

microsatellite loci often exist in the hot spots of LOH at a
high frequency in some specific malignancies. Tumor
suppressor genes, which are associated with the development
and progression of tumors, may harbor in the vicinity of these
hot spots.
To characterize the changes of microsatellite DNA in
esophageal carcinogenesis, loss of heterozygosity (LOH) in
specific loci was analyzed in 32 surgically resected EC
specimens using microsatellite polymorphic markers. Allelic
deletions were examined using 15 polymorphic markers on
chromosomes 3p, 5q, 6p, 9p, 13q, 17p, 17q and 18q.

MATERIALS AND METHODS
Precancerous and cancerous tissues
Thirty-two surgically resected squamous cell carcinoma
(SCC) specimens were collected from Linxian Country, a
high-incidence area of EC in Henan Province, China. Of
the EC patients, 18 were males and 14 were females with
an average age of 59 years (range 44-73 years). All the
SCC patients were not treated by either chemotherapy or
radiotherapy before operation. Surgically resected specimens
were divided into two parts: One was fixed with 85% ethanol
and paraffin embedded for histopathological diagnosis, and
the other was stored in liquid nitrogen and then transferred
in a -80 ℃ freezer for further use. Ten of thirty-two cases
were taken from cancer and adjacent tissues. Various tissues
from cancer and adjacent parts were frozen and cut into
5-m thick sections and 30-60 slides were used for DNA
extraction and LOH analysis. Five slides were stained with
hematoxylin-eosin (HE) for histopathological diagnosis.
According to cell morphologic changes, the esophageal epithelia
were divided into BCH, DYS, CIS and SCC[3].
Syringe microdissection under anatomic microscope and DNA
extraction
According to the distribution of cells in HE-stained sections,
we dropped glycerol in matched spots, separated precancerous,
cancerous and normal cells by a 5-mL syringe under an anatomy
microscope, put them into 180 L lysis buffer, added 20 L
proteinase K (50 g/L), and kept overnight at 56 ℃. By
this method, 90% purified cells could be collected[4]. DNA
was extracted according to the protocols of the QIAGEN
DNA Mini Kit.
LOH analysis
According to the results based on our previous work in
esophageal carcinogenesis at high-incidence area for EC in
Henan Province, China[5], we chose 15 microsatellite DNA
loci for LOH analysis using a circulating p53-Rb system.
These loci represented D3S966 (RASSF1A), D3S1234 and
D3S1300 (FHIT), D5S82 (DP1), D5S346 (APC), D6S497
(HLA, Waf1), D9S1752 (INK4a), D9S171 (INK4b), D13S260
(BRCA2), D13S321 and D13S233 (Rb1), TP53 and D17S786
(p53), D17S855 (BRCA1) and D18S858 (DCC).
Microsatellite polymorphism analysis
Each locus was amplified from 40 to 50 ng of template
DNA by PCR using paired primers, of which the forward
primer was 5’ end-labeled with [-32P] ATP. Eight percent
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of nondenaturing polyacrylamide gel electrophoresis was
performed at 1 650 V for 2-3 h. After electrophoresis, the
gel was transferred to a 3 MM chromatography paper and
dried in a vacuum gel dryer at 80 ℃ for 1 h. The dried gel
was placed into an X-ray film cassette with an intensifying
screen and exposed to a Kodak film at -70 ℃ or at room
temperature for 2-48 h.
Result determination
Three individuals examined the relative intensities of
polymorphic alleles in different lesions. LOH status was
established if the intensity of one allele in the tumor was
significantly reduced as compared with its corresponding
allele in constitutive DNA. When the decision was not
unanimous, the density of alleles was determined by quantitative
densitometry. Reduction of 30% intensity of one allele in
tumor DNA compared to its matching allele in the constitutive
DNA was chosen as the criteria for LOH status. Individual
results were classified into three categories: LOH (loss of
one allele), heterozygosity retained (no allelic loss), and
uninformative (homozygous alleles)[6].
Statistical analysis
The data were analyzed by SPSS10.0 statistical software.
LOH frequency was performed by 2 test. P<0.05 was
considered statistically significant.

RESULTS
Relationship between LOH frequency and lesions (Figures 1
and 2, Table 1)
Microsatellite DNA LOH was observed in precancerous
and cancerous tissues, except D9S1752. The rate of LOH
increased remarkably with the lesion developed from BCH
to SCC (P<0.05). At least on LOH locus was 41% (7/17)
in BCH, 82% (14/17) in DYS, 100% (17/17) in CIS and
97% (31/32) in SCC. Three samples from SCC and one
sample from CIS were found to have deletions in 18 loci.
Distribution of microsatellite DNA LOH in different lesions
(Figure 3)
LOH loci were different in precancerous and cancerous
tissues. In BCH, DYS and SCC, the highest LOH loci
were TP53 (20%), D13S260 (33.3%) and TP53 (68.2%)
respectively. In CIS, the highest LOH markers had three
loci, D13S260, D9S171 and D3S966 (50%). Three markers,
D9S171, D13S260 and TP53, showed the highest incidence
of LOH (>60%). LOH in D3S1234 and TP53 was the
common event in different lesions of the same patients.

DISCUSSION
Inactivation of tumor suppressor genes appears to be one
of the genetic mechanisms involved in the development of
esophageal cancer. This process includes mutation of one
allele, followed by a deletion of the remaining one (LOH)
or homozygous deletion of both alleles. Allelic deletions
detected as LOH have been proved useful for mapping
regions of DNA that contain tumor suppressor genes[7] .
LOH at specific chromosomal regions strongly suggested
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that there existed different molecular changes in precancerous
lesions with a similar morphology. These changes might be
the key factors to decide precancerous lesions developing
in different directions, especially in those with a similar
morphology. Esophageal carcinogenesis is a multistep
progressive process characterized by multiple genetic changes
(accumulation and overlap). The changes of p15INK4b, BRAC2
and p53 genes are common molecular events in esophageal
carcinogenesis. LOH in D3S1234 and TP53 is the common
event in different lesions of patients, indicating that the
alternations of fragile histidine triad (FHIT) and p53 might
be the key points to induce mild precancerous lesions to
cancer. RASSF1A - one of the candidate TSGs - might be

the existence of tumor suppressor genes at the relevant
segments[8]. We performed deletion mapping analyses in 32
cases of matched precancerous, cancerous and normal
tissues using 15 microsatellite markers on chromosomes
3p, 5q, 6p, 9p, 13q, 17p, 17q and 18q and found that
microsatellite DNA LOH occurred in early precancerous
stage and in BCH. With the development of the disease,
the rate of LOH increased, indicating that the genetic
changes occurred in the early stage of EC. With the lesion
progressed, gene instability increased, the accumulation of
this change may be one of the important mechanisms
transforming precancerous lesions to cancer. LOH loci were
different even at the same stages (such as DYS), indicating
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Table 1 Comparison between frequency of microsatellite LOH in different lesions of esophagus
LOH frequency n (%)
MSM

P
BCH

DYS

CIS

SCC

D3S1234

1/14 (7.1)

3/12 (25)

5/15 (33.30)

9/23 (39.1)

0.042

D3S1300

0/11 (0)

2/10 (20)

4/10 (40)

10/26 (38.5)

0.024

D3S966

0/13 (0)

3/13 (23.1)

8/16 (50)

11/20 (55.0)

0.001

D5S82

0/12 (0)

2/12 (16.7)

6/15 (40)

8/20 (40.0)

0.010

D5S346

2/12 (16.7)

3/12 (25)

4/10 (40)

14/25 (56.0)

0.011

D6S497

0/10 (0)

0/13 (0)

0/12 (0)

9/26 (34.6)

0.001

D9S1752

1/15 (6.7)

2/12 (16.7)

3/15 (20)

5/25 (20.0)

0.315

D9S171

0/13 (0)

5/16 (31.3)

7/14 (50)

14/23 (60.8)

0.000

D13S233

0/11 (0)

3/13 (23.1)

6/16 (37.5)

10/21 (47.6)

0.006

D13S321

0/14 (0)

3/12 (25)

6/14 (42.9)

11/25 (44.0)

0.006

D13S260

0/16 (0)

4/12 (33.3)

7/14 (50)

16/26 (61.5)

0.000

D17S855

2/13 (15.4)

4/14 (28.6)

6/15 (40)

14/26 (53.8)

0.014

TP53

3/15 (20)

4/13 (30.8)

7/16 (43.8)

15/22 (68.2)

0.002

D17S786

0/14 (0)

3/12 (25)

6/15 (40)

12/22 (54.5)

0.001

D18S858

0/13 (0)

3/16 (18.8)

4/12 (33.3)

10/18 (55.6)

0.000

MSM: microsatellite marker; LOH: loss of heterozygosity; BCH: basal cell hyperplasia DYS: dysplasia; CIS: carcinoma in situ; SCC: squamous cell carcinoma -: not done.

involved in the esophageal carcinogenesis in Henan Province,
China.
The p15 INK4b gene is an inhibitor of cyclin-dependent
kinase 4, which has been identified in 95% genome sequence
homogeneity with p16 INK4a . They encode two important
cyclin-dependent kinase inhibitors, which could negatively
regulate G1-S transition of the proliferating cells by contributing
to the maintenance of pRb in an active state[9]. Xing et al[10],
reported that both p15INK4b and p16INK4a genes were frequently
inactivated in EC, but the inactivation of p15INK4b and p16INK4a
involved different mechanisms, with p16INK4a predominantly
affected by aberrant methylation and p15INK4b by deletion.
We analyzed the allelic loss of p15INK4b and p16INK4a using
D9S1752 and D9S171 microsatellite markers, and found
that the LOH frequency of p15INK4b was much higher than
that of p16INK4a in precancerous and cancerous lesions. Our
results support the speculation of Xing et al[10], and suggest
that the deletion of p15INK4b gene might be involved in the
multistage development of EC at the high-incidence area
in Henan Province, China. LOH of p16INK4a might not be
an important event in the esophageal carcinogenesis in the
BCH

area.
BRCA1 and BRCA2 are tumor suppressor genes in
familial breast-ovarian carcinoma syndrome and are located
in different chromosomes. The BRCA2 gene is located on
chromosome 13q12[11]. Extensive genetic and biochemical
characterization has shown that BRCA2 is involved in the
maintenance of chromosomal stability. It could serve as a
critical mediator of DNA repair through direct interactions
with Rad51 and might play an important role in recombinationmediated double-strand DNA break repair[12]. Harada et al[13],
performed a fine deletion mapping on 13q by analyzing
60 EC patients with 18 polymorphic markers and found
the frequent loss at D13S260 (43.7%). Up to now, to our
knowledge, there are no other reports on the changes of
BRCA2 in precancerous tissues. In our experiment, BRCA2
gene alternations were detected as 0% in BCH, 33% in
DYS, 50% in CIS, and 61.5% in SCC, indicating that the
deletion of BRCA2 might be involved in the development
of EC and is one of the common molecular events in the
esophageal carcinogenesis.
The p53 tumor suppressor gene is located on chromosome
DYS

CIS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Locus Localization
D3S1234 3p21.1-p14.2
D3S1300 3p21.1-3p14.2
D3S966 3p21.1-3p23.31
D5S82 5p23-5p15
D5S346 5p21-5p22
D6S497 6p21.2-21.3
D9S1752 9p21
D9S171 9p21-9p21
D13S233 13p14.3
D13S32113p31
D13S26013q12.3-13q12.4
D17s855 17p13
TP53 17p12-13
D17s86 17p22
D18s858 17p22
FAL (%)
25 0 0 17 0 14 0 0 17 33 20 0 0 40 0 0 0 83 0 14 29 29 43 0 67 0 71 14 50 50 50 17 50 43 100 14 50 43 86 14 43 29 67 40 67 50 50 29 60 86 50

Figure 3 Distributions of microsatellite DNA-LOH in different precancerous lesions of esophagus FAL: fractional allelic loss for each tumor
○ retention of heterozygosity ■ loss of heterozygosity Ø uninformative, X not done.
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17p13.1 and encodes a 53 ku nuclear phosphoprotein that
binds to DNA and blocks the progression of the cell cycle
in response to DNA damage and mediates apoptosis[14] .
Allelic loss of p53 gene on chromosome 17p13.1 has been
demonstrated to be one “hit” of inactivation of p53 gene.
It was reported that the frequencies of LOH ranged from
65% to 83.8%, and often co-existed with mutations (“two
hits”) in EC[15] . In our experiments, the deletion of p53
occurred in the early stage of BCH (20%), indicating that
the alternations of p53 might be the key points to induce
mild precancerous lesions to cancer.
Frequent allele loss has been observed on chromosome
3p in EC and its premalignant lesions, indicating that inactivation
of putative tumor suppressor genes on 3p may be involved
in early stages of esophageal carcinogenesis. It has been
reported that FHIT gene is a novel tumor suppressor gene
located on chromosome 3p14.2[16]. Highly frequent abnormal
transcripts of FHIT gene have been found in a variety of
human cancers, including cancers of the digestive tract,
lung, breast, and head and neck[17,18]. Point mutations of the
FHIT gene were also seen in gastric and breast carcinomas,
but very rarely. A review of the literature showed that
different results were obtained by different researches[19-21].
Zou et al [19], reported that the deletions of FHIT were
involved in 11 of 50 (22%) EC samples. On the other hand,
Mori et al[22], observed that the LOH frequency of the FHIT
gene was 76%. In our experiment, loss of FHIT was
detectable in 7% BCH, 20% DYS, 33% CIS and 39% SCC.
Although the LOH frequency of FHIT gene was low in
our results, the change occurred in each stage of esophageal
carcinogenesis. Exposure to different environmental carcinogens
might be one of the reasons why there existed differences
in different areas.
RASSF1A is a novel tumor suppressor gene that was isolated
recently from the lung tumor suppressor locus 3p21.3 [23] .
The presence of a Ras associated domain in RASSF1A
suggested that this protein might function as an effector of
Ras signaling in normal cells. Its protein structure also
suggested that RASSF1A might participate in the DNA
damage response or in DNA damage-induced regulation
of other cell signaling events[24]. Chan et al[25], demonstrated
the methylation status of RASSF1A and the frequency of
LOH in 3p21.3 region in bladder cancer and found that the
frequency of LOH and methylation of RASSF1A were
57.9% and 47.5% respectively, showing that RASSF1A
might be inactivated in accordance with the two-hit
inactivation model, involving deletion of one allele and
hypermethylation of the other[26]. Up to now, much research
work has been done in promoter hypermethylation of
RASSF1A. In the present study, we observed that the LOH
frequency of D3S966 was 23.1% in DYS, 50% in CIS and
55% in SCC, indicating that RASSF1A might be involved
in the esophageal carcinogenesis at the high-incidence area
in Henan Province, China. To our knowledge, this report is
the first to identify allelic loss of RASSF1A during esophageal
carcinogenesis in Henan Province, China.
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Abstract
AIM: To comprehend the risk factors of recurrence of
hepatocellular carcinoma (HCC) and its relationship with
the infection patterns of hepatitis B virus (HBV).
METHODS: All materials of 270 cases of postoperative
HCC were statistically analyzed by SPSS software.
Recurrence and metastasis were classified into early
( ≤2 years) and late phase (>2 years). Risk factors for
recurrence and metastasis after surgery in each group
were analyzed.
RESULTS: Out of 270 cases of HCC, 162 cases were
followed up in which recurrence and metastasis occurred
in 136 cases. There were a lot of risk factors related to
recurrence and metastasis of HCC; risk factors contributing
to early phase recurrence were serum AFP level, vascular
invasion, incisal margin and operative transfusion, gross
tumor classification and number of intrahepatic node to
late phase recurrence. The HBV infective rate of recurrent
HCC was 94.1%, in which “HBsAg, HBeAb, HBcAb” positive
pattern reached 45.6%. The proportion of HBV infection
in solitary large hepatocellular carcinoma (SLHCC)
evidently decreased compared to nodular hepatocellular
carcinoma (NHCC) (P<0.05).
CONCLUSION: The early and late recurrence and
metastasis after hepatectomy of HCC were associated
with different risk factors. The early recurrence may be
mediated by vascular invasion and remnant lesion, the
late recurrence by tumor’s clinical pathology propert, as
multicentric carcinogenesis or intrahepatic carcinoma de
novo. HBV replication takes a great role in this process.
From this study, we found that SLHCC has more satisfactory
neoplasm biological behavior than NHCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Because of the advances in surgical techniques and
perioperative management, hepatectomy of hepatocellular
carcinoma (HCC) has become a safe operation with low
operative mortality. However, the long-term prognosis remains
poor due to a high incidence of recurrence and metastasis
of HCC, ranging from 50% to 80%[1-3]. The effect of HCC’s
therapy is also unpleasant; the high rate of recurrence and
metastasis after HCC resection has always disturbed clinical
surgeon nowadays. There are lots of reports based on the fact
that intrahepatic recurrence or multicentric carcinogenesis
de novo were found after resection of HCC[4,5]. Because
different risk factors for recurrence and metastasis have been
identified in previous articles[6], it is a controversy regarding
the way of recurrence and metastasis, which need us continue
to disclose its mechanism.
Hepatitis B virus (HBV) is a hepadnavirus, discussed
worldwide as resulting in viral hepatitis in humans. HBV
gets distributed at various ages, the infectious rate of HBV
has reached 10% in China. Once it infects the human body,
the HBV gets replicated and proliferated into hepatocytes,
induces hepatocyte lesion and develops into chronic hepatitis.
It has been reported that HBV is the prime cause for the
development of HCC. In order to discuss the relationship
between HBV and the recurrence and metastasis of HCC,
we studied the clinical data of postoperative HCC and its
follow-up.
MATERIALS AND METHODS
Population
The base population consisted of 270 consecutive patients
who had undergone initial and curative hepatic resection
for HCCs at Central South University Xiangya Hospital
from 1992 to 2002. The indication of surgical resection
and operative procedure was determined according to the
decision criteria based on the liver function test including
ascites, serum bilirubin level, and image data. Systematic
resection of Couinaud’s segment was a preferred operative
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Table 1 Baseline characteristics in 270 patients (mean±SD)
Recurrent patients (n = 136)
Variable factors
All patients (n = 270)
Age (yr)
Sex (male/female)

Recurrent patients (n = 136)

Early phase (n = 107)

Late phase (n = 29)

46.9±13.0
247/23

4.0±11.5
126/10

44.2±11.1
99/8

47.7±12.9
27/2

66/168/36

35/77/24

23/63/21

12/14/3

128/142

65/71

46/61

19/10

55/215

23/113

13/94

10/19

Vascular invasion
(present/absent)

145/125

79/57

62/45

7/12

Alpha-fetoprotein

141/129

85/51

75/32

10/19

Hepatocirrhosis
(positive/negative)

200/70

105/31

82/25

23/6

Type of liver resection

149/121

78/58

59/48

19/10

22/258

15/131

14/93

1/28

Gross tumor classification
(small/solitary/nodular)
Edmondson classification
(I–II/III–IV)
Tumor capsule
(present/absent)

(positive/negative)

(non-anatomical/anatomical)
Incisal margin
(≤1 cm/>1 cm)
HBV infection

239/31

128/8

102/5

26/3

199/71

100/36

75/32

25/4

(positive/negative)
Blood transfusion
(yes/no)
Survival time (d)

–

575.9±499.6

384.7±313.1

1 248.5±450.9

Recurrent time (d)

–

435.6±417.9

23.1±199.6

1 072.2±396.9

Note: Small HCC (SHCC), solitary large HCC (SLHCC), nodular HCC (NHCC).

procedure if the patient’s liver functional reserve permitted.
Curative resection was defined as removal of all recognizable
tumors with a clear margin. As regards the tumor margin,
resection with 1 cm was defined as curative so long as no
tumor invasion was observed at the surgical cut surface[7].
By retrospectively investigating these data of 270 patients,
162 gained follow-up and finally entered into the analyses.
One hundred and eight patients were excluded for the
following reasons: data lacked follow-up for 96 and incomplete
pathological analysis in 12. Out of 162 patients only 132
presented recurrence. We divided time of recurrence into
early phase (amongst 2 years) and later phase (excluding
2 years); there were 107 cases of recurrence and metastasis
in early phase and 29 cases in later phase. The baseline
characteristics of these 162 patients classified according to
viral infection pattern are presented in Table 1. Gross HCC
classification was divided into small HCC (SHCC), solitary
large HCC (SLHCC) and nodular HCC (NHCC) according to
our previous study on HCC’s basic and clinical characteristics[8].
Various surgical procedures were classified as anatomical
or non-anatomical resections. Anatomical resection involves
resecting the tumor together with the tumor-containing portal
vein and corresponding hepatic territory and includes
hemihepatectomy (right or left), sectorectomy (right lateral,
right paramedian, left medial, and the left lateral sector),
and segmentectomy (resection of Couinaud’s segments).
All other types of resection such as limited resection and tumor
enucleation are classified as non-anatomical resection.
Follow-up and end point
After discharge, monthly follow-up by tumor marker (alphafetoprotein, AFP) and ultrasound (US) as well as helical

computed tomographic (CT) scan for every 4 mo were
conducted for 1 year. Then, we screened patients by tumor
marker measurement and US for every 2 mo and helical
CT for every 6 mo thereafter, and hepatic angiography
when recurrence was suspected. Recurrence was diagnosed
based on the combined findings of these clinical examinations.
The end point of this study was time-to-recurrence, which
was defined as the period between surgery and the diagnosis
of recurrence and metastasis. Patients who died for reasons
not related to HCC were censored at the time of death. All
follow-up data were summarized by the end of April 2004.
Variables analyzed
Discrete variables were computed directly, whereas continuous
variables were classified into binary or polytomous categorical
data. Cut-off points for AFP were 20 g/L, and maximal
tumor diameter were determined according to operative
records, which gave the best discrimination between time-torecurrence curves among several stratifications[5].
The studied variables could be classified as host-, cancer-,
or surgery-related (Table 1). The host-related factors were
age, sex, viral markers (HBsAg-, HBeAg-, HBsAb-, HBeAb-,
HBcAb-). HBV infection pattern was graded according to
the difference of viral markers positive expression. Fibrosis
was assessed using non-cancerous parts of the resected
specimens. The stage of liver fibrosis was classified into four
categories (no, mild, moderate, and cirrhosis) to represent
the severity of liver disease. Cancer-related factors were
gross classification of the tumor [6,9] , tumor multiplicity,
maximum diameter of tumor, microscopically assessed vascular
invasion, intrahepatic metastasis, microscopically assessed
presence and/or invasion of a tumor capsule, tumor cell
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Figure 1 Curve of overall cumulative recurrence and metastasis
rate metastasis rate present in 136 HCC patients.

Figure 2 Bar graph of recurrence and metastasis rate present in 136
patients at each year.

differentiation, serum AFP level. Multiple tumor nodules
and intrahepatic metastasis were differentiated based on
macro- and microscopical findings. In brief, multiple tumors
were classified into intrahepatic metastases if they were (a)
tumors apparently growing from portal venous tumor thrombi,
or (b) multiple satellite nodules surrounding a main tumor
with similar or poorer degree of cell differentiation. Surgeryrelated factors included type of resection (anatomical vs nonanatomical) and surgical free margin (>1 cm vs <1 cm).

69.8% (800 d), 73.5% (1 000 d), 80.3% (1 200 d), 84.1%
(1 400 d); there were 46.3% (1 st year), 36.8% (2 nd year),
32.7% (3 rd year), 24.3% (4 th year) and 12.4% (5 th year)
respectively from 1st to 5th year.

Statistical analysis
The overall hazard function for recurrence and metastasis
was also estimated to visually depict chronological change
in the recurrence rate after hepatectomy. We investigated
factors contributing to early and late phase recurrence,
separately, setting 2 years as the cut-off between the early
and late phases[7]. For this purpose, we first conducted a
multiple regression analysis by setting the different baseline
hazard functions for respective institutions and by censoring
patients without recurrence at 2 years after surgery at this
time point. Then, we performed a landmark analysis on
recurrence-free status at 2 years after surgery. Finally, the
relationship between the viral infection patterns was
investigated using the Mantel-Haenszel trend test on data
from patients showing only one of two hepatitis markers. As
additional sets of analyses, we performed the same analyses
exclusively in patients with solitary tumor. Likewise, we also
performed analyses dividing patients with and without liver
cirrhosis. All statistical analyses in the present study were
performed using the Statistical Package for Social Sciences
(SPSS11.0 software).

RESULTS
Analysis of the recurrence and metastasis of HCC
Among the 162 cases of follow-up, the median follow-up
time was 1 742 d (range 7-4 200 d). Recurrence and
metastasis were observed in 136 patients. There was a patient
who survived more than 11 years. Overall cumulative
recurrence and metastasis rate curves for all patients are
shown in Figure 1, and Figure 2 depicts the overall recurrence
and metastasis at each year after operation, which peaked
at the first year postoperatively, then gradually decreased
year by year. The overall cumulative recurrence and metastasis
rate were 32.7% (200 d), 59.2% (400 d), 64.5% (600 d),

Factors contributing to early (≤2 years) phase recurrence
and metastasis
Recurrence and metastasis before 2 years was observed in
107 patients. Multiple regression analysis identified four
variables as contributing to early phase recurrence and
metastasis: Serum AFP (alpha-fetoprotein) level, vascular
invasion, incisal margin and operative transfusion (Table 2).
As a result, the causes of recurrence and metastasis for
early phase were the factors correlated to surgery.
Factors contributing to late (>2 years) phase recurrence and
metastasis
In the same way, recurrence and metastasis was observed
in 29 patients. Factors related to late phase recurrence and
metastasis were gross tumor classification and number of
intrahepatic node (Table 2). NHCC had higher recurrence
and metastasis rate than SLHCC (P = 0.026). It was
coincident to the results of our prophase study on the SLHCC
characterization at basic and clinical[10].
Relationship on the HBV infection with recurrence and
metastasis of HCC
It has been confirmed by lots of epidemiological survey that
HCC genesis is closely related to the HBV infection. Our
further study disclosed that the HBV infection has related to
the recurrence and metastasis of HCC. In this paper, the
infective rate was 88.5% on 270 cases of HCC, but 94.1%
on 136 cases of recurrence and metastasis of HCC. Among
the 162 cases of follow-up, there were 128 recurrences
with HBV infection (147 cases) and only 8 recurrences
without HBV infection (15 cases). Statistic comparison had
high significant difference (2 = 11.501, P = 0.001); it
prompted that the HBV infection was an important cause
of recurrence and metastasis of HCC.
The HBV infective pattern was different in various clinical
classifications of HCC. Contrast analysis of the HBV infective
pattern among 270 HCC patients that accepted operation
with 136 HCC patients showed that recurrence and metastasis
occurred; we found that HBV infection not only related to
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Table 2 Multiple regression analysis of recurrence and metastasis of 136 HCC patients
Results on early phase

Results on late phase

Variable
AFP level

Regression coefficient

t

P

Regression coefficient

t

P

-0.328

-3.693

0.000

-0.280

-1.306

Hepatocirrhosis

0.024

0.274

0.785

-0.377

-1.530

0.143

Type of liver resection

0.023

0.260

0.795

0.245

1.235

0.233

Incisal margin

0.208

0.217

2.485

0.015

0.106

0.420

0.679

Blood transfusion

-0.223

2.553

0.012

0.268

1.266

0.222

Gross tumor classification

-0.051

-0.583

0.561

-0.518

-2.433

0.026

0.266

3.013

0.003

-0.361

-1.562

0.136

Vascular invasion
Tumor capsule

0.023

0.259

0.797

-0.281

-1.111

0.281

Edmondson classification

0.126

1.444

0.152

0.065

0.292

0.774

Note: Dependent variable was the time of recurrence and metastasis (d).

Table 3 Statistics of the HBV infective pattern
All patients (n = 270)

Recurrent patients (n = 136)

Serum markers
Positive number

Ratio (%)

Positive number

Ratio (%)
10.3

HBsAg+HBeAg+HBcAb+

20

7.4

14

HBsAg+HBeAb+HBcAb+

118

43.7

62

45.6

HBsAg+HBcAb+

57

21.1

32

23.5

HBsAb+

9

3.3

6

4.4

HBcAb+

2

0.7

2

1.5

HBeAb+HBcAb+

7

2.6

1

0.7

HBsAg+

16

5.9

9

6.6

HBsAb+HBeAb+HBcAb+

2

0.7

0

0.0

HBsAg+HBeAb+

6

2.2

1

0.7

HBsAb+HBeAb+

2

0.7

1

0.7

HBV negative

31

11.5

8

5.9

the HCC genesis and recurrence, but also that their infective
pattern varied (t = 2.407, P = 0.037, Table 3). Further
comparison of the infective pattern of recurrent SLHCC
and recurrent NHCC, results showed the HBV infection
pattern of recurrent NHCC, which was obviously different
compared with SLHCC, and the proportion of recurrent
NHCC with HBV infection was obviously step-up than
recurrent SLHCC (P<0.05, Table 4).

DISCUSSION
Recurrence and metastasis of HCC could divide into
intrahepatic recurrence and extrahepatic metastasis, but 90%
of recurrence were intrahepatic, which could be expressed
in mono-, poly- and omni-hepatic dissemination. Extrahepatic
metastasis means primary lesion of HCC spreading to distant
location, it can also accompany with intrahepatic recurrence.
Multi-center carcinogenesis of HCC was closely related to
postoperative recurrence. It has reported that recurrent rate
reach to peak amongst 2 year, about 62-82%. This time
after hepatectomy was the most risky period for recurrence
and metastasis[11]. Therefore, we divided the recurrent time
into early and late phase according to the point of 2 years
postoperatively. In this study, recurrent risk factors at early
phase were serum AFP level, vascular invasion, incisal margin
and operative transfusion. Serum AFP was synthesized on
embryo hepatocyte, it was not expressed on normal hepatocytes,
but was expressed specifically on hepatic cancer cells. Now
serum AFP level usually assayed as utility data contributing

to judgment of operative effect on whether it descents to
normal level (<20 g/L). It has reported that serum AFP
level would be descended to negative in 18% postoperative
patients, and obvious descended in 40%[12]. Nowadays image
examination such as B-US, CT scan, magnetic resonance
imaging and digital subtraction angiography are limited, even
the LR-CT with ultra-iodized oil image through hepatic artery
can only find tumor >0.5 cm, and it is difficult to find the
micro carcinoma <0.3 cm. So it is important for the surveillance
of the recurrence and metastasis of postoperative HCC.
Serum AFP level will be changed pre- and post-operation
at HCC patients. Our material shows 85 cases occurred
positive expression.
Surgery-related vascular invasion, incisal margin and
operative transfusion were immediate causes for postoperative
recurrence and metastasis at early phase, it means the HCC
incision was not radical, and remnant carcinoma continues
to grow after operation. As the way of enlarged incisal margin
peremptory to prevent postoperative recurrence and metastasis
is undesirable, it could not reduce the recurrence and
metastasis but lead the patient to liver function failure or
death[13-15]. Our experiences are to adopt limited hepatectomy,
incisal margin is kept in 1-2 cm especially for the tumor
with capsule or pseudocapsule. Owing to abundant liver
blood supply, operative transfusion is usually inevitable even
though there are lots of hemostasia measures to manipulate
hepatic hemorrhage on operation. Investigation has made
clear that operative hetero-transfusion could bring out many
troubles[16,17]. Our study detected the recurrent rate obviously
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Table 4 Compare the HBV infective pattern between SLHCC and NHCC
All patients (n = 270)

Recurrent patients (n = 136)
2

Serum markers

P

SLHCC ratio (%)

NHCC ratio (%)

SLHCC ratio (%)

NHCC ratio (%)

HBsAg+HBeAg+HBcAb+
HBsAg+HBeAb+HBcAb+

40.0
56.3

13.3
12.5

33.3
53.1

25.0
12.2

4.244
0.003

0.039
0.955

HBsAg+HBcAb+

70.2

12.8

73.1

11.5

0.079

0.778

HBsAb+

71.4

14.3

60.0

20.0

1.833

0.176

HBeAb+HBcAb+
HBsAg+

75.0
63.2

12.5
5.3

0.0
50.0

100.0
12.5

4.876
4.867

0.000
0.027

HBV negative

69.6

4.3

87.5

0.0

4.877

0.027

increased in whom accepted transfusion compared to nontransfusion (P = 0.012), indicated operative transfusion is
auxo-action for recurrence and metastasis at the early phase
of postoperation. The mechanism maybe: Thrombosis is
the advantage of cancer cell implantation, growth factors
are released to reinforce cancer cell growth directly or indirectly,
to inhibit the NK cell’s activity and result in the function of
NK immunocytes decreased, to accelerate the growth of
remnant cancer cells. Therefore surgeon should weigh the
merits and demerits while performing HCC hepatectomy,
adopt acrobatic hepatectomy technique, reduced operative
hepatic bleeding and blood transfusion as far as possible, to
adopt self-transfusion when necessary. Preoperative vascular
invasion or carcinoma thrombosis are fundamental cause
for postoperative recurrence and metastasis, leading to
decrease of postoperative survival rate. Above all, the micro
vascular invasion under microscopy could not be judged,
which directly lead to recurrence and metastasis at early phase
after hepatectomy[18].
The clinical classification of HCC was the independence
related risk factor during the late phase of postoperation.
On the basement of previous abundant basic and clinical
research, we divided HCC into small HCC (SHCC), solitary
large HCC (SLHCC) and nodular HCC (NHCC) according
to its clinical pathology propert. Analyzed 29 cases of
recurrent data at late phase in contrast with 107 cases at
early phase, we found the proportion of SLHCC decreased
obviously than NHCC (58.9% vs 48.3%), there was a
significant difference (2 = 3.929, P = 0.047). It indicated
SLHCC has more satisfactory neoplasm biological behavior
than NHCC, which coincided with the results of our
prophase research[10].
Chronic HBV infection is the main cause of HCC genesis
in China. We statistically analyzed the materials of in-patients
accepted hepatectomy at our hospital, the HBV infective
rate reached 90%. The closed relation between HBV
infection and HCC could manifest in the concordance on
their epidemiologic character, such as local distribution, sex,
age and family history[19]. The main HBV infective pattern
of 270 patients was positive “HBsAg, HBeAb, HBcAb”
viral markers. Positive HBsAg shows those patients existing
with HBV infection, positive HBeAb and HBcAb shows
HBV replicated in hepatocytes at lower level. If HBeAb
presented long-term positive, the HBV-DNA has been
integrated with host hepatocyte chromosome DNA, kept
latentiation ever since[20,21]. Our data on 136 cases of recurrence
and metastasis shows that the pattern of positive HBcAb
was distinctly enhanced. We could explain that the HCC

patients with HBV infection have lower immunological
function, with decreased resistant ability, HBV promoted
recurrence and metastasis by various kinds of pathway as
activating HBx function, integrating host cell DNA,
destructing apoptosis of normal hepatocyte, inactivating P53
gene, facilitating extracellular matrix degradation[22-24].
Among the recurrent HCC, the HBV infective pattern
of NHCC was evidently different from that of SLHCC,
furthermore, the proportion of NHCC with HBV infection
was evidently increased (P<0.05). It is interpreted that NHCC
more easily combines with HBV reproduction than SLHCC
in the course of recurrence and metastasis. So the prognosis
that NHCC is worse than SLHCC could be elucidated from
another point of view.
In conclusion, this study provides an epidemiological
evidence that intrahepatic recurrence and metastasis of HCC
after hepatic resection has two obvious etiologies. The early
recurrence may be mediated by vascular invasion and remnant
lesion, the late recurrence by tumor’s clinical pathology
propert, as multicentric carcinogenesis or intrahepatic
carcinoma de novo. So we could prevent recurrence and
metastasis of HCC in the following way: to adopt limited
hepatectomy and acrobatic hepatectomy technique, to
reduce operative hepatic bleeding and blood transfusion as
far as possible, to control HBV infection in HCC patients.
In this way, we can increase postoperative survival rate of
HCC on whole.
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Abstract
AIM: Hepatocellular carcinoma (HCC) is a common disease
in Taiwan. The prevalence of viral hepatitis infection and
the subsequent development of HCC are well known to
be higher in patients with end-stage renal disease (ESRD)
requiring hemodialysis (HD) or peritoneal dialysis (PD)
than among the general population. However, information
on hepatic resection for ESRD-HCC patients is limited.
METHODS: The clinical features of 26 ESRD-HCC patients
who underwent hepatic resection from 1982 to 2001 were
retrospectively reviewed. Meanwhile, the clinicopathological
features and the outcome of 1 198 HCC patients without
ESRD undergoing hepatic resection were used for comparison.
RESULTS: Of 1 224 surgically resected HCC patients, 26
(4.2%) were ESRD-HCC. Univariate analysis revealed
more associated disease, more physical signs of anemia
and postoperative complications, lower hemoglobin,
platelet, -fetoprotein, elevated blood urea nitrogen (BUN)
and creatinine levels, smaller tumors, lower HBsAg positivity,
higher HCV positivity, and longer hospital stays in the ESRDHCC group compared with the HCC group. Furthermore,
multivariate stepwise logistic regression analysis revealed
that elevated BUN and creatinine levels were the only
two independently significant factors in the patients in
the ESRD-HCC group. Overall and disease-free survival
rates were similar between the ESRD-HCC and HCC
groups.
CONCLUSION: Elevated BUN and creatinine were the only
two main independent factors differentiating ESRD-HCC
from HCC patients. ESRD should not be a contraindication
of hepatic resection in HCC patients; however, careful
operative techniques and perioperative care are crucial
to achieving lower morbidity and mortality. Comparable
overall survival and disease-free survival can be achieved
in selected ESRD-HCC patients undergoing hepatic resection
when compared with conventional HCC patients.

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common disease in
Taiwan, with an annual age-adjusted prevalence of 28.7/
100 000 population. HCC is the leading cause of cancerrelated death among men, and second among women in
Taiwan[1].
Although liver transplantation provides an alternative option
for the surgical management of HCC, partial hepatic resection
remains the mainstay of treatment. With improvements in
surgical techniques and perioperative care, surgical mortality
rates in HCC patients receiving hepatectomy have recently
reduced significantly[2] . The prevalence of viral hepatitis
infection and the subsequent development of HCC are well
known to be higher in patients with end-stage renal disease
(ESRD) requiring hemodialysis (HD) or peritoneal dialysis
(PD) than among the general population[3,4]. Such patients
are usually immunocompromised and have various degrees
of associated coagulopathy [4-6]. Because hemorrhage,
infection, and liver failure are the main causes of death
after liver resection, HCC resection should be particularly
risky for patients with ESRD[7]. However, few reports exist
on liver resection for HCC in such patients[3,6,7]. This study
attempted to determine the outcome of liver resection for
HCC in ESRD patients.
MATERIALS AND METHODS
From 1982 to 2001, 1 224 consecutive HCC patients
underwent surgery at the Department of Surgery, Chang
Gung Memorial Hospital, Taipei, Taiwan. Among them, 26
HCC patients (4.2%) suffering ESRD treated with HD,
and/or continuous ambulatory peritoneal dialysis (CAPD)
undergoing curative surgery were classified as ESRD-HCC
group, while the remaining 1 198 patients were classified as
HCC group. Sixty-seven patients were excluded from the
survival analysis due to incomplete follow-up records. Totally
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Table 1 Demographic data of 1 224 HCC patients undergoing hepatectomy with and without ESRD
ESRD–HCC (%)
(n = 26)
Age (yr)
Gender (M:F)
Associated disease
Symptoms (+)
Physical findings (+)
HBsAg (+)
Anti-HCV Ab (+)
Dual infection (+)
Associated cirrhosis (+)
child-pugh grade
A
B+C

HCC (%)
(n = 1 198)

53.4±13.2
22:4
19 (73.1)
17 (65.4)
13 (50.0)
11 (42.3)
15 (62.5)
2/23 (8.7)
14 (53.8)

54.3±13.7
937:261
406 (33.9)
799 (66.7)
289 (24.1)
782/1 101 (71.0)
314/854 (36.8)
99/816 (36.8)
647/1 187 (54.5)

19 (76.0)
6 (24)

1 014 (89.5)
119 (10.5)

P
0.748
0.433
0.0001
0.889
0.002
0.002
0.01
1.0
0.947

0.055

M: male; F: female; HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus;
Ab: antibody.

1 157 patients were enrolled in this study for survival
analysis. In this study, 66 HCC patients (including three
ESRD-HCC patients) died within one month after surgery
(surgical mortality rate 5.4%; 66/1 224). Laboratory tests
were performed on the day before surgery. Differences in
demographics, symptomatology, physical examination,
laboratory data, presence of cirrhosis, operative findings,
and pathological features between the two groups were
compared. Clinicopathological features were conditioned as
presence or absence; resection margin less than 1 cm vs a
margin of more than 1 cm; and low histological grading vs
high grade. Resections included segmentectomy, lobectomy,
extended lobectomy, subsegmentectomy, and wedge resection.
Segmentectomy is a resection of one of the four segments
(lateral, medial, anterior, or posterior) of the liver as classified
by Healey and Schroy. Subsegmentectomy is a resection of
a Couinaud segment. Histopathological findings of HCC
were divided into four grades according to Edmondson and
Stainer’s system. Grades I and II were conditioned as lowgrade, and grades III and IV as high-grade HCC (described
as previously)[8].
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Before admission for liver resection, one patient received
CAPD and the remaining 25 patients underwent regular
HD thrice weekly. Etiologies diagnosed in the 26 patients
were as follows: idiopathic nephropathy (12), diabetic
nephropathy (5), gouty nephropathy (2), nephrolithiasis (1),
nephrotic syndrome (1), gouty nephropathy (1), malignancy
(transitional cell carcinoma) associated nephropathy (1),
hypertensive nephropathy (2), and polycystic kidney disease
(1). The duration of dialysis ranged from 2 to 152 mo
(median/mean: 37/46.3 mo). The patient who underwent
CAPD shifted to HD about 1 wk before surgery. HD was
conducted on the day before surgery, and then continued
post-surgery was being conducted on alternate days, starting
from the first day of post-surgery. CAPD was resumed for
one patient after discharge.
Statistical analysis
All data are presented as percentage of patients or mean
with standard deviation. Numerical data were compared by
independent student two-sample t tests. Nominal data were
compared by Pearson 2 test, Fisher exact test, or multiple
forward stepwise logistic regression when appropriate.
Survival was calculated and plots constructed according to
the Kaplan-Meier method and compared with a log-rank
test between groups. All statistical analyses were performed
using the SPSS computer software package (Version 10.0,
Chicago, IL). A value of P<0.05 was considered significant.

RESULTS
The ESRD-HCC group contained 22 men and 4 women,
with a mean age of 53.4±13.2 years (range, 30-83 years).
The ESRD-HCC and HCC groups displayed similar age
distributions and gender ratios (Table 1). However, associated
disease and anemia (hemoglobin <10 gm/dL) were more
common in the ESRD-HCC group than the HCC group
(Tables 1 and 4). Hypertension was the most commonly
associated disease (10/19; 52.6%), followed by diabetes
mellitus (DM; 8/19; 42.1%) (Table 4). Notably, ESRDHCC patients displayed a lower percentage of positive

Table 2 Laboratory data of 1 224 HCC patients undergoing hepatectomy with and without ESRD
ESRD–HCC (%)
(n = 26)
AFP (ng/mL)
2 143.7±1 0365.5
AFP>400 ng/mL
2/25 (8.0)
Hemoglobin (g/dL)
10.6±2.5
WBC (/µL)
6 284.6±3 031.0
Platelet (103/µL)
134.7±77.0
PT/PT (normal control)
0.85±1.6
INR (%)
1.10±0.16
Albumin (g/dL)
3.70±0.67
Bilirubin (direct) (mg/dL)
0.30±0.14
Bilirubin (total) (mg/dL)
0.80±0.36
BUN (mg/dL)
54.9±26.9
Creatinine (mg/dL)
6.64±4.01
AST (IU/L)
63.5±55.5
ALT (IU/L)
46.6±51.1
ALP (IU/L)
101.5±45.2
ICG 15 (%)
19.4±15.6

HCC (%)
(n = 1 198)

P

6 520.9±9 9070.2
392/1 098 (35.7)
13.0±2.1
7 467.6±7 956.4
179.4±99.2
0.96±1.9
1.10±0.18
3.90±0.62
0.51±1.16
1.12±1.27
15.5±7.1
1.21±1.69
72.6±96.0
63.9±71.0
114.7±295.6
14.5±13.9

0.825
0.003
0.0001
0.449
0.023
0.778
0.953
0.115
0.588
0.207
0.0001
0.0001
0.631
0.236
0.827
0.143

AFP: -fetoprotein; PT: prothrombin time; INR: international normalized ratio;
BUN: blood urea nitrogen; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; ALP: alkaline phosphatase; ICG 15: indocyanine green retention
rate at 15 min.

Table 3 Operative, macroscopic, and microscopic findings of HCC
patients with and without ESRD
ESRD–HCC (%)
(n = 26)
Major hepatectomy
17/26 (65.4)
Blood loss (cc)
955.8±771.2
Blood transfusion (cc)
462.0±580.1
Tumor size (cm)
4.1±2.0
Tumor size >5 cm
6/26 (23.1)
Grading (Edmondson and Stainer)
Low-grade (I+II)
10/25 (40.0)
High-grade (III+IV)
15/25 (60.0)
Capsule formation (+)
16/21 (76.2)
Capsule invasion (+)
8/15 (53.3)
Macroscopic vascular
invasion (+)
8/24 (33.3)
Satellite lesions (+)
5/25 (20.0)
Resection margin >1 cm
12/23 (52.2)
Rupture (+)
3/26 (11.5)
Complication
11/26 (42.3)
Hospital stay (d)
26.8±11.7
Mortality
3/26 (11.5)

HCC (%)
(n = 1 198)

P

603/1 198 (50.3)
1 358.6±1 593.3
1 037.9±2 261.9
6.2±4.5
545/1 171 (46.5)

0.129
0.199
0.204
0.0001
0.018

504/948 (53.2)
444/948 (46.8)
676/1 012 (66.8)
359/625 (57.4)

0.193
0.365
0.751

431/1 150 (37.5)
336/1 155 (29.1)
373/1 051 (35.5)
140/1 167 (12.0)
240/1 198 (20.0)
21.7± 12.7
63/1 198 (5.3)

0.678
0.321
0.099
0.943
0.005
0.046
0.161
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Table 4 Associated disease, morbidity, and postoperative mortality of 26 ESRD–HCC and 1 198 HCC patients treated with hepatectomy
ESRD–HCC
(n = 26)

Table 5 Univariate and multiple forward stepwise logistic regression analysis of clinicopathological features in 1 224 HCC patients
after hepatectomy between ESRD and non-ESRD groups

HCC
(n = 1 198)

Univariate
analysis P

Multivariate logistic
regression analysis P

Associated disease

19 (73.1%)

Associated disease

406 (33.9%)

Associate disease

0.001

NS

ESRD only
Hypertension

7
10

Peptic ulcer
DM

121
111

Presence of physical findings
Positive HBsAg

0.002
0.002

NS
NS

DM

8

Hypertension

88

Positive anti-HCV Ab

0.002

NS

Heart disease

3

DM+hypertension

42

Platelet<150 000/mL

0.011

NS

TCC
Peptic ulcer

1
6

DM+peptic ulcer
Heart disease

20
31

Hb<10 g/dL
BUN>30 mg/dL

0.0001
0.0001

NS
0.0001

CVA

11

Cr>1.5 mg/dL

0.0001

0.002

Biliary tract disease

27

AFP>400 ng/L

0.003

NS

Tumor size<5 cm
Hospital stay>21 d

0.018
0.035

NS
NS

Complication

0.005

NS

(GB stone or CBD
stone or IHD stone)
Lung disease

27

Others

71

Morbidity
Pleural effusion

11 (42.3%)
4

Cause of mortality
Hepatic failure

66 (5.3%)
12

Ascites

2

Infection-induced

10

HBsAg: hepatitis B surface antigen; HCV: hepatitis C virus; Ab: antibody; Hb:
hemoglobin; BUN: blood urea nitrogen; Cr: creatinine; AFP: -fetoprotein.

hepatic failure
Jaundice

1

Pneumonia

1

Intra-abdominal
bleeding

23

Cholangititis

1

Intra-abdominal abscess 1

Bile leakage

1

Wound infection
Fever

1
1

ARDS
EV bleeding

2
2

Cause of mortality

3 (11.5%)

Peptic ulcer bleeding

3

Sepsis

2

Combine EV and

1

1

peptic ulcer bleeding
Renal failure

4

Pneumonia/

1/1

Pulmonary embolism

pulmonary embolism
VT/heart failure

1/1

Ischemic bowel
1/1
/hollow organ perforation
DIC

1

TCC: transitional cell carcinoma; DM: diabetes mellitus; CVA: cerebrovascular
disease; GB: gallbladder; CBD: common bile duct; IHD: intrahepatic duct; ARDS:
adult respiratory distress syndrome; EV: esophageal variceal; VT: ventricular
tachycardia; DIC: disseminated intravascular coagulopathy.

hepatitis B and higher percentage of hepatitis C compared
to the HCC group. Although rates of underlying liver
cirrhosis did not differ significantly between the two groups,
ESRD-HCC patients tended to have lower percentage of
Child-Pugh grade A (P = 0.055) (Table 1).
Table 2 displays the results of all preoperative laboratory
tests. Levels of AFP, hemoglobin, platelet, blood urea
nitrogen (BUN), and creatinine differ between the two
groups.
Table 3 lists the operative, macroscopic, and microscopic
findings. Patients in the ESRD-HCC group displayed similar
extent of hepatectomy, blood loss, and blood transfusion
to those in the HCC group. Notably, tumor size was smaller
in the ESRD-HCC group than the HCC group (P = 0.0001).
However, the percentages of low-grade and high-grade
HCC were similar in both groups. Generally, the tumors in
the ESRD-HCC group had similar capsule formation,
capsular invasion, vascular invasion, satellite lesions, rupture
rate, and clearance margins to those in the HCC group
(Table 3). Table 4 displays the causes of operative mortality
of ESRD-HCC and HCC patients. Overall mortality rate

was 5.4% (66/1 224). The mortality rates of the ESRDHCC (11.5%) patients undergoing hepatic resection are
higher than the HCC groups (5.3%), although it is not
statistically significant (P = 0.161). Meanwhile, more
complications and longer stay at hospital were noted in the
ESRD-HCC patients than the HCC patients (P = 0.005
and 0.046).
Univariate analysis showed that associated disease, physical
signs of anemia, lower hepatitis B positivity, higher hepatitis
C positivity, lower hemoglobin and platelet count, elevated
BUN, creatinine and AFP levels, smaller tumor size, more
complications, and longer stay at hospital were associated
with ESRD-HCC. However, multivariate logistic regression
analysis showed that elevated BUN and creatinine were the
only two independent factors differentiating ESRD-HCC
from HCC (Table 5).
All the 1 157 patients who underwent hepatic resection
were followed regularly until death. The duration of followup for 26 ESRD-HCC and 1 131 HCC patients ranged from
0.01 to 97.6 mo (median = 15.0 mo) and 0.01 to 213.5 mo
(median = 14.6 mo), respectively. Table 6, Figures 1A and
B display overall and disease-free survival for the ESRDHCC and HCC groups. The 1-, 3-, and 5-year overall
survival rates were 82.0%, 38.1%, 38.1% in the ESRD-HCC
group and 70.6, 48.6, 34.8% in the HCC group, respectively.
Moreover, the 1-, 3-, and 5-year disease-free survival rates
were 63.1%, 49.1%, and 16.4% in the ESRD-HCC group,
and 55.2%, 35.4%, 26.9% in the HCC group, respectively.
Notably, the patients in the ESRD-HCC group had similar
overall and disease-free survival to those in the HCC group.

DISCUSSION
Contrary to Cheng’s report, ESRD-HCC patients displayed
comparable clinicopathological features to HCC patients
with exception of displaying lower hemoglobin and higher
serum creatinine levels[7] . This study demonstrated that
ESRD-HCC patients undergoing hepatectomy differed from
HCC patients in several respects. ESRD-HCC patients
undergoing hepatectomy had higher rate of underlying
associated disease, as well as physical findings of anemia,
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Table 6 Prognosis of HCC patients undergoing hepatectomy with
and without ESRD
ESRD–HCC (%)
(n = 26)

HCC (%)
(n = 1 131)

P

Overall survival (mo)
mean

47.9

63.3

Median

23.6

32.8

27.3; 68.4

55.7; 71.0

95%CI of mean
Log-rank

0.7034

DFS (mo)
mean
Median
95%CI of mean

35.9

52.0

14.8
17.0; 54.7

15.5
43.7; 60.3

Log-rank

0.6123

CI: confidence interval; DFS: disease-free survival.

lower positivity of hepatitis B infection, and higher positivity
of hepatitis C infection. Hypertension is the disease most
commonly associated with ESRD, followed by DM.
Hepatitis B and C are two common pathogens causing
chronic hepatitis in patients with ESRD. The acceptance
of hepatitis B surface antigen screening has led the infected
patients being identified and isolated over the past 20 years.
Consequently, hepatitis B is now encountered less frequently
in dialysis units. However, while hepatitis B has become
less problematic, hepatitis C has been recognized as a
significant problem since 1979. The prevalence of antiHCV in HD patients is quite variable, ranging from 5 to
over 50%[9]. In Taiwan, the rate of anti-HCV in HD patients
is 30.5% [10], and is significantly lower in patients with CAPD[11].
Anti-HCV positivity is associated with previous blood
transfusion, mode of therapy, and duration of HD.
ESRD-HCC patients undergoing hepatectomy exhibited
lower hemoglobin level than HCC patients, explaining the
higher positivity for physical findings of anemia in ESRDHCC patients. Anemia can be a complication of the HD
procedure itself, with its associated blood loss. ESRD-HCC
patients also had lower platelet count than HCC patients.
Reduced platelet counts were more common in patients on
dialysis, particularly in HCV-positive HD patients, and the
failure of megakaryocyte production by the bone marrow
is a fundamental cause of this platelet reduction in both
HD and CAPD patients[12].
ESRD-HCC patients exhibited lower AFP level and
significantly lower percentage of AFP >400 ng/mL compared
with HCC patients without ESRD. That ESRD-HCC
patients have lower percentage of HBsAg positivity and
smaller tumor size may explain the lower AFP values[8,13].
From the world literature on factors affecting the prognosis
of surgically treated patients, previous European and
Japanese reports emphasize the importance of preoperative
AFP value[14,15]. The Italian group proposed the CLIP scoring
system for the staging for HCC based partly on AFP value[14].
The specific reason for raised AFP level worsening the
prognosis is uncertain. AFP may be a unique biological
variable expressing grade of malignancy, and has suppressive
effects on the immunologic reaction directed against tumor
cells[16]. Regarding tumor markers, several investigations have
demonstrated that AFP level is not influenced by uremic
status and maintains its specificity for tumor monitoring in
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uremic status[17]. ESRD-HCC patients had smaller tumors
and lower percentage of tumor size >5 cm compared with
HCC patients without ESRD. HCC screening for chronic
hepatitis B and hepatitis C carriers in endemic areas using
AFP and/or abdominal ultrasound could identify tumors,
especially smaller ones, explaining the observation. Our
previous study demonstrated that HCV patients had smaller
tumors[18]. We also demonstrated that HCC patients with
larger tumor size had higher percentages of positive hepatitis
B infection and lower percentage of hepatitis C infection.
Meanwhile, overall survival and disease-free survival for
HCC patients undergoing hepatic resection with tumor larger
than 10 cm is worse than for those with tumor less than
10 cm, which is significantly influenced by the high value
of AFP [8]. Smaller tumor size, lower AFP level, and
significantly lower percentage of AFP >400 ng/mL in
ESRD-HCC patients may partly explain no significant
survival difference to HCC patients.
This study observed a higher prevalence of postoperative
complications among ESRD-HCC patients after hepatectomy,
explaining the longer hospital stays and higher mortality rate
of ESRD-HCC patients. Notably, a higher percentage of
HCV infection, Child-Pugh grade, and more associated
disease may partially contribute to the more eventful
postoperative courses of ESRD-HCC patients compared
to HCC patients. Our previous study demonstrated that
HCV-related HCC patients were older, and tended to have
severe, and progressive liver disease[18] . Generally, septic
problems occur most frequently with advanced cirrhosis
and contribute heavily to the increased mortality. The
increased infection rate may be partially explained by the
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Figure 1 A: Disease-free survival of 26 HCC patients with ESRD
undergoing hepatectomy vs 1 131 HCC patients without ESRD undergoing hepatectomy; B: Overall survival of 26 HCC patients with
ESRD undergoing hepatectomy vs 1 131 HCC patients without ESRD
undergoing hepatectomy.
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impairment of Kupffer cell function, which reduces
intravascular clearance of the enteric organism[19]. Additionally,
ascitic fluid may provide an ideal growth medium for
bacterial contaminants released during cholecystectomy[19].
Overall, the relative risk of septic complications depends
on the severity of cirrhosis. Numerous investigations have
correlated the prevalence of sepsis with the patient’s ChildPugh classification[19]. This study finds that pleural effusion
and ascites are the two most common complications after
hepatic resection. For hepatic surgeons, careful operative
techniques and perioperative care are crucial to achieving
an uneventful postoperative course and preventing
postoperative wound infection and intra-abdominal abscess,
even mortality.
As for prognosis, comparable overall survival and
disease-free survival can be achieved in selected ESRDHCC patients undergoing hepatic resection when compared
to conventional HCC patients in this study. Since the first
combined liver-kidney transplant was proposed in 1983[20],
this procedure has gained increasing popularity for liver
failure and irreversible renal insufficiency[20]. To the best of
our knowledge, no report regarding combined liver-kidney
transplant for ESRD-HCC patients is noted in the literature.
In summary, elevated BUN and creatinine values were
the only two independent factors differentiating ESRD-HCC
from HCC patients. ESRD should not be a contraindication
of hepatic resection in HCC patients; however, careful
operative techniques and perioperative care are crucial to
achieving lower morbidity and mortality. Comparable overall
survival and disease-free survival to conventional HCC
patients can be achieved in selected ESRD-HCC patients
undergoing hepatic resection.
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correlation between the expressions of GRP78, GRP94,
HSP90, or HSP70 and prognostic factors of HCC. Specifically,
the expression of GRP78, GRP94, or HSP90 was associated
significantly with vascular invasion and intrahepatic
metastasis.

Abstract

http://www.wjgnet.com/1007-9327/11/2072.asp

AIM: Expression of heat shock proteins (HSPs) is frequently
up-regulated in hepatocellular carcinoma (HCC), which
evolves from dysplastic nodule (DN) and early HCC to
advanced HCC. However, little is known about the differential
expression of HSPs in multistep hepatocarcinogenesis. It
was the purpose of this study to monitor the expression
of HSPs in multistep hepatocarcinogenesis and to evaluate
their prognostic significance in hepatitis B virus (HBV)related HCC.
METHODS: Thirty-eight HCC and 19 DN samples were
obtained from 52 hepatitis B surface antigen-positive
Korean patients. Immunohistochemical and dot immunoblot
analyses of HSP27, HSP60, HSP70, HSP90, glucose
regulated protein (GRP)78, and GRP94 were performed
and their expression at different stages of HCC development
was statistically analyzed.
RESULTS: Expression of HSP27, HSP70, HSP90, GRP78,
and GRP94 increased along with the stepwise progression
of hepatocarcinogenesis. Strong correlation was found
only in GRP78 (Spearman’s r = 0.802). There was a positive

CONCLUSION: The expressions of HSPs are commonly
up-regulated in HBV-related HCCs and GRP78 might play
an important role in the stepwise progression of HBVrelated hepatocarcinogenesis. GRP78, GRP94, and HSP90
may be important prognostic markers of HBV-related HCC,
strongly suggesting vascular invasion and intrahepatic
metastasis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Heat shock protein; Hepatocellular carcinoma;
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INTRODUCTION
Worldwide hepatocellular carcinoma (HCC) is a common
malignant tumor that takes the lives of about one million
people annually. Even after resection, the overall survival
rate of patients with HCC is still unsatisfactory due to
frequent recurrences[1]. Hepatitis B virus (HBV) is one of
the known risk factors for HCC, but it is not yet clear how
this factor leads to HCC[1]. HCC is characterized by multistage
process of tumor progression. Recently, dysplastic nodule
(DN) has been described as a precancerous lesion in the
multistep hepatocarcinogenesis and is divided into low grade
and high grade DN depending on the degree of cytologic
atypia on histological examination[2]. Early HCC does not
destroy the underlying liver structure and is uniformly
composed of well differentiated cancer cells with little cellular
atypia. At the tumor-nontumor boundary, well-differentiated
cancer cells proliferate as though they are replacing normal
hepatocytes (‘replacing growth’)[3,4]. The appearance of a
regenerative nodule in the liver might be the first step of
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hepatocarcinogenesis, subsequently developing into advanced
HCC through low-grade dysplastic nodule (LGDN), highgrade dysplastic nodule (HGDN), and early HCC (in a
multistep fashion)[5]. However, the molecular mechanisms
implicated in the progression to HBV-related HCC remain
largely unknown.
Mammalian cells express a family of highly conserved
proteins in response to heat as well as many other stressful
stimuli[6]. This family of stress proteins include heat shock
proteins (HSPs) and glucose regulated proteins (GRPs)[7,8].
These proteins are multifunctional molecular chaperones.
In neoplasms, expression of HSP has been implicated in
the regulation of apoptosis, in immune response against
tumors, and in multidrug resistance[9,10]. Increased HSP levels
make cells to be more resistant to apoptosis. HSP, being
one of the most immunogenic molecules known, can also
act by increasing cellular immunity[11]. Understanding the
roles of HSPs in carcinogenesis has important implications
regarding tumor behavior and potential prognostics[12].
Up-regulated expression of HSPs has been reported in
several cancers (e.g., breast cancer, renal cancer, various
leukemias, bladder cancer, etc.)[13-16]. The overexpression of
HSPs in tumorous tissues has been implicated to have
prognostic value in patients with breast, renal, and bladder
cancer [13,17]. Recently, we have observed up-regulation of
HSP60, HSP70, HSP90, GRP78, and GRP94 in HCCs by
proteome analysis[18,19]. Correlation between HSP27 expression
and histological grade and survival of patients with HCC
has been reported[20]. Tanaka et al [21], reported that the
expression of GRP94 mRNA increased along with the
histological grade of the HCC. However, the prognostic
significance of the expression of HSPs in HCC is largely
unknown at this time and so further studies are needed.
Also, it is not known whether the expression of HSPs play
a role in the initiation or progression of HBV-related
multistep hepatocarcinogenesis. In the present study, in order
to determine whether the expression of the HSPs is involved
in HBV-related hepatocarcinogenesis, and if so, to which
stage it is linked, we performed immunohistochemical (IHC)
and dot immunoblot analyses of HSP27, HSP60, HSP70,
HSP90, GRP78, and GRP94 on a series of hepatocellular
tumors which includes premalignant lesions.

MATERIALS AND METHODS
Tissue specimen and histopathology
Immediately after hepatectomy for primary HCC, freshly
removed liver tissues were serially sliced from top to bottom
edge at 4-5 mm intervals and then examined by a pathologist
(C.K.P.) for the presence of nodular lesions. Any nodules
greater than 10 mm in diameter and any bulging nodules
different in color macroscopically, from the surrounding
liver, regardless of size, were snap-frozen in liquid nitrogen
and stored at -80 ℃. Subsequent sections from the same
nodule were fixed in 10% neutral formalin for confirming
morphological diagnosis. Early HCC was matched to the
diagnostic criteria of Liver Cancer Study Group of Japan[22].
Advanced HCCs were graded histologically according to
the Edmondson and Steiner’s criteria[23] , and DNs were
subdivided into LGDN and HGDN by two pathologists
(C.K.P. and K.J.), according to the guidelines of the International
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Working Party [2] . From this, 38 HCCs (early HCC, 5;
Edmondson grade I HCC, 12; grade II, 11; grade III, 10
cases) and 19 DNs (LGDN, 11; HGDN, 8) were obtained
from 52 Korean patients at Samsung Medical Center
between 2000 and 2003. Informed consent was obtained from
each patient included in the study. Non-tumorous tissues
were taken far from the tumor as possible and were snapfrozen in liquid nitrogen and stored at -80 ℃. Non-tumorous
liver revealed cirrhosis in 48 patients and chronic hepatitis in
four. None of the patients had any preoperative chemotherapy.
All patients were seropositive for hepatitis B surface antigen
but had no serum antibody against hepatitis C virus. Among
the 38 patients with HCC, 28 were men and 10 were women
with a mean age of 50 years (range 25-65 years). Thirteen of
the 14 patients with DNs were men and 1 was a woman with
a mean age of 52 years (range 33-62 years). The histopathologic
features of HCCs examined were histological differentiation,
tumor size, tumor capsule formation, microvascular
invasion, major portal vein invasion, intrahepatic metastasis,
and tumor stage. Microvascular invasion was considered as
present when at least one or more endothelial cells or the
tunica media of the vessel were recognized to surround a
neoplastic cell group. Intrahepatic metastasis and tumor
capsule formation were matched to the criteria of the Liver
Cancer Study Group of Japan[22] . The tumor stage was
determined according to the AJCC cancer staging criteria[24].
Blocks of normal liver were prepared as controls from
five patients with metastatic colonic carcinoma of the liver.
Immunohistochemistry
Formalin-fixed, paraffin-embedded tissue including both
HCC or DN and adjacent non-tumorous liver were sectioned
with 4 m thickness. IHC study was performed using the
streptavidin-biotin complex method and TechMateTM 1 000
automated staining system (DakoChemmate, Glostrup,
Denmark). Primary antibodies used and working dilutions
employed are as follows: HSP27 mouse monoclonal antibody
(mAb) (SPA-800, StressGen, Victoria, Canada) (1:200), HSP60
mouse mAb (SPA-806, StressGen) (1:1 500), HSP70 mouse
mAb (sc-24, Santa Cruz, San Francisco, USA) (1:200),
HSP90 mouse mAb (sc-13 119, Santa Cruz) (1:800),
GRP78 goat polyclonal antibody (pAb) (sc-1050, Santa Cruz)
(1:30), and GRP94 rat mAb (SPA-850, StressGen) (1:1 600).
Deparaffinized sections were treated with 3% hydrogen
peroxide in methanol for 10 min to inhibit endogenous
peroxidase. Sections were immersed in 0.05 mol/L citrate
buffer (pH 6.0) and heated in a microwave oven for 10 min.
Sections were then incubated with the primary antibody
for 60 min at room temperature. Each section was treated
sequentially with biotinylated secondary antibody (antimouse or anti-goat immunoglobulin) and streptavidin–
peroxidase complex (DakoChemmate). 3,3’-diaminobenzidine
tetrahydrochloride was used as a chromogen, and then
Mayer’s hematoxylin counterstain was applied. Negative
controls (isotype-matched irrelevant antibody or preimmune
goat serum as primary antibody) were made to run
simultaneously. The results of staining were evaluated by two
independent pathologists (C.K.P. and K.J.) and the difference
in interpretation was resolved by consensual agreement. At
least equally intensive nuclear or cytoplasmic staining
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compared with bile ducts was considered positive[25]. Positive
cells were counted by monitoring at least 1 000 cells in
HCC or DN and non-tumorous liver from more than five
high power fields where positive cells were present at a
relatively uniform density. For each tissue section, staining
was assessed as negative (0-5% positive cells), + (6-25%
positive cells), ++ (26-50% positive cells), +++ (51-75%
positive cells), or ++++ (>75% positive cells).
Immunoblot analysis
Sample preparation and immunoblot analysis were performed
as previously described [19]. All samples were diluted at
2 g/L. Protein samples (10-20 g) were subjected to
SDS-PAGE and transferred to polyvinylidene difluoride
membrane. Primary antibodies, -actin mAb (Sigma, St.
Louis, USA) (1:5 000), HSP27 mAb (StressGen) (1:1 000),
HSP60 mAb (StressGen) (1:10 000), HSP70 mAb (Santa
Cruz) (1:1 000), HSP90 mAb (Santa Cruz) (1:1 000),
GRP78 mAb (Santa Cruz) (1:500), and GRP94 mAb
(StressGen) (1:1 000) were diluted in PBS/5% skim
milk/0.1% Tween 20.
Dot immunoblot analysis
Before performing dot immunoblot analysis, each antibody
was validated for specificity by performing immunoblot
analysis as described above, using the same tissue protein
sample. The linear range of loading volume in the dot
immunoblot analysis was tested using serially diluted protein
samples. Using Bio Dot™ (Bio-Rad, Hercules, USA), protein
samples (0.8-1.6 g) were loaded onto each well of dot blot
apparatus and transferred to polyvinylidene difluoride
membrane overnight at 4 ℃. Every protein sample was
loaded as a triplicate. Same primary antibodies were used in
immunoblot analysis above. The rest of the experimental
procedure was the same except that the membrane was
washed for 2 h with PBS/0.13% Tween 20. Using the
ImageMaster 2D Elite software 4.01 (Amersham, Upsala,
UK), the intensity of the dot was determined by integrating
the optical density over the spot area (dot volume). The
changes in the expression of HSPs were evaluated by dividing
the dot volume of tumor by that of non-tumorous tissue.
Statistical analysis
The relationship between the expression of HSPs and
hepatocellular tumors including DNs was analyzed by
calculating Spearman’s correlation coefficient (r). The
relationship between the enhancement of expression of
HSPs and hepatocellular tumors in dot immunoblot analysis
was analyzed by Jonckheere-Terpstra test. Correlation
between the expression of HSPs and prognostic factors of
HCCs was analyzed by Jonckheere-Terpstra test, MannWhitney test, or Kruskal-Wallis test. P values of less than
0.05 were considered statistically significant.

RESULTS
Immunohistochemical analysis
In our earlier proteome analysis, we observed that the
expression of many HSPs increased in HCC[18,19]. However,
the determination of how the level of expression changes
during the stepwise progression of hepatocarcinogenesis was
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not identified. So, we performed IHC analysis on a series
of hepatocellular tumors including DNs. Immunoreactivity
for HSP27, HSP60, or HSP90 was observed only in the
cytoplasm of hepatocytes of tumor tissues. Immunoreactivity
for HSP70 was observed in both the nucleus and cytoplasm,
and, in most cases, the intensity of staining of the cytoplasm
corresponded to that of the nucleus. Immunoreactivity for
GRP78 or GRP94 was observed mostly in the cytoplasm,
but was also observed in the nucleus although rarely. The bile
duct epithelium always showed cytoplasmic immunoreactivity
and thus served as an internal standard of positive staining
(Figure 1D). There was a higher expression of HSP27,
HSP90, GRP78, or GRP94 in HCC than in the adjacent
non-tumorous liver. The expression of HSP60 in HCC was
similar to that in the non-tumorous liver. There was either
no immunoreactivity or focal staining for HSP70 in the
non-tumorous liver (Table 1). Immunoreactivity for HSPs
in normal livers was similar to that in the non-tumorous
liver. Positive immunoreactivity (>5% positive hepatocytes)
for HSP27 was demonstrated in 10.5% of DNs and 76.3%
of HCCs. The proportion of positive immunoreactivity
was 100% in DNs and 97.4% in HCCs for HSP60, 0% in
DNs and 68.4% in HCCs for HSP70, 5.3% in DNs and
55.3% in HCCs for HSP90, 63.2% in DNs and 94.7% in
HCCs for GRP78, and 68.4% in DNs and 86.8% in HCCs
for GRP94 (Table 1 and Figure 1).
Expression of HSP27, HSP70, HSP90, GRP78, and
GRP94 increased along with the stepwise progression of
hepatocarcinogenesis (from LGDN to HCC grade III)
(Spearman’s r = 0.6-0.802). Strong correlation was found
only in GRP78 (Spearman’s r = 0.802) (Figures 1F-H).
Expression of HSP60 decreased along with the stepwise
progression of hepatocarcinogenesis (P = 0.012), but with
weak correlation (Spearman’s r = -0.329) (Table 1).
Dot immunoblot analysis
It was deemed necessary to confirm the IHC results by
immunoblot analysis. However, conventional immunoblot
analysis involves separation of the tissue proteins by SDSPAGE and takes much time. Therefore, faster dot immunoblot
analysis was used. In dot immunoblot analysis, the expression
level of a certain protein can be determined simultaneously
from 96 tissue samples using 96 wells on a plate. Smaller
amount of protein is needed than by immunoblot analysis
(dot immunoblot, 0.8-1.6 g; immunoblot, 20-30 g).
Before investigating the expression of six HSPs (HSP27,
HSP60, HSP70, HSP90, GRP78, GRP94) in hepatocellular
tumors by dot immunoblot analysis, validity of the dot
immunoblot method was established by analyzing the
expression levels of HSP27, HSP60, and HSP90 in the
same tissue protein samples by both the dot immunoblot
analysis and the immunoblot analysis. Figure 2 shows that
consistent results are obtained by the two methods for all
three proteins (P = 0.000, P = 0.034, P = 0.003 for HSP27,
HSP60, HSP90, respectively). Figure 2 also shows the
reproducibility by the three replicate dot immunoblot analyses
of the same sample.
Dot immunoblot analysis showed up-regulation (≥1.5fold increase) in 15.8% of DNs and 68.4% of HCCs for
HSP27, 15.8% of DNs and 52.6% of HCCs for HSP60,
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Figure 1 IHC staining of HSP in DN and HCC (original magnification, ×100). A: Rare immunoreactivity for HSP27 in high-grade DN; B: 25%
immunoreactivity for HSP27 in early HCC. The borders between early HCC and non-tumorous liver are indicated by arrowheads; C: 96%
immunoreactivity for HSP60 in HCC Grade II; D: 30% immunoreactivity for HSP70 in HCC Grade I. Bile duct epithelium shows cytoplasmic
immunoreactivity (arrow); E: 35% immunoreactivity for HSP90 in HCC Grade II; F: Rare immunoreactivity for GRP78 in low-grade DN; G: 10%
immunoreactivity for GRP78 in HCC Grade I; H: 93% immunoreactivity for GRP78 in HCC Grade III; I: 15% immunoreactivity for GRP94 in highgrade DN; J: 95% immunoreactivity for GRP94 in HCC Grade III. N, non-tumorous liver.
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Table 1 Expression of HSPs in hepatocarcinogenesis obtained by IHC analysis
NL
HSP

Percentage of
positive cells
(%)

HSP27

HSP70

HSP90

GRP78

GRP94

HCC
P (r)

0-5
6-25
26-50
51-75
>75
0-5
6-25
26-50
51-75
>75
0-5
6-25
26-50
51-75
>75
0-5
6-25
26-50
51-75
>75
0-5
6-25
26-50
51-75
>75
0-5
6-25
26-50
51-75
>75

HSP60

DN

(n = 57)

LGDN
(n = 11)

HGDN
(n = 8)

42
12
3

11

6
2

E-HCC
(n = 5)
4
1

3
2
52
57

GI
(n = 12)
5
5
1
1

GII
(n = 11)
2
3
2
2
2

GIII
(n = 10)
2
3
1
4
1
0.012 1
(–0.329)

3
11
11

8
8

56
1

10
1

8

5
22
17
9
4
16
26
9
3
3

6
5

1
7

3
7
1

3
4
1

5
3
1
1

5

1
4

2
2
1

12
4
3
3
1
1
8
2
2

1
5
1
3
2
1
2
7
1
1

8
3
2
2
2
2
4
4
2
1

2
2
2
5
2
3
3
3

0.000 1
(0.600)

1
8
2
1
4
3
3
3
2
2

1
1
8

2

0.000 1
(0.669)

0.000 1
(0.707)

0.000 1
(0.802)

0.000 1
(0.708)

8

NL: non-tumorous liver; DN: dysplastic nodule; LGDN: low-grade DN; HGDN: high-grade DN; HCC: hepatocellular carcinoma; E: early; G: Edmondson-Steiner’s
grade; n: number of cases; P: Spearman correlation (from LGDN to HCC GIII); (r): Correlation coefficient; 1 Value was statistically significant.

A

T

N

T

N

LG DN 1
Blank
LG DN 2
LG DN 3
LG DN 4
LG DN 5
LG DN 6
HGDN1

B

HGDN2
HGDN3
E - HC C 1
E - HC C 2
E - HC C 3
E - HC C 4
HCC GI1
HCC GI2

T N

T N

T N

T N T N

LGDN1

LGDN2

LGDN3

LGDN4

LGDN5

-actin
HSP27
LGDN6

HGDN1 HGDN2 HGDN3 E-HCC1

-Actin
HSP27
E-HCC2 E-HCC3 E-HCC4 HCCGI1 HCCGI2

-Actin
HSP27
Figure 2 Examples of dot immunoblot and immunoblot analysis of
HSP27 in the same tissue samples. A: Dot immunoblot analysis of
HSP27 in tumor (T) and non-tumorous tissue (N) of 15 patients (LGDN,
six; HGDN, three; E-HCC, four; HCC GI, two cases); B: Immunoblot analysis of HSP27 in tumor and non-tumorous tissue of 15 patients. Dot
immunoblotting and immunoblotting with HSP27 monoclonal antibody
were performed as described in Materials and Methods. -actin was
used as a reference. The results of dot immunoblot analysis revealed
the same expression patterns as the immunoblot analysis. LGDN: lowgrade dysplastic nodule, HGDN: high-grade dysplastic nodule, E: early,
HCC: hepatocellular carcinoma, G: Edmondson-Steiner’s grade.

31.6% of DNs and 65.8% of HCCs for HSP70, 42.1%
of DNs and 73.7% of HCCs for HSP90, 52.6% of DNs
and 71.1% of HCCs for GRP78, and 57.9% of DNs and
65.8% of HCCs for GRP94 (Table 2).
Expression of HSP27 increased along with the stepwise
progression of hepatocarcinogenesis (Spearman’s r = 0.407).
Expression of HSP60, HSP90, and GRP78 increased
likewise (P<0.05), but the correlation was weak (Spearman’s
r<0.4) (Table 2). There was a significant correlation between
the expression levels of HSP27, HSP60, HSP90, and
GRP78 and hepatocellular tumors including DNs (P = 0.018,
P = 0.004, P = 0.021, P = 0.005, respectively) (Table 3).
Correlation between the expression of HSPs and prognostic
factors of HCC
IHC analysis showed a positive correlation between the
expression of GRP78 or GRP94 and poorer histological
grade of differentiation, tumor size of >2 cm, lack of tumor
capsule, microvascular invasion, major portal vein invasion,
intrahepatic metastasis, and higher tumor stage. Expression
of HSP90 was significantly associated with six prognostic
factors except for tumor size. Expression of HSP70 was
significantly correlated with poorer histological grade of
differentiation, lack of tumor capsule, and microvascular
invasion. Specifically, there was a significant correlation
between the expression of GRP78, GRP94, or HSP90 and
microvascular invasion, major portal vein invasion, and
intrahepatic metastasis (Table 4).
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Table 2 Expression of HSPs in hepatocarcinogenesis obtained by dot immunoblot analysis
DN
HSP

HSP27

Tumor/
non-tumor

HCC
P (r)

LGDN
(n = 11)

< 0.5

HGDN
(n = 8)
1

0.5–1.5

9

6

1.5–2.5

2

1

GI
(n = 12)

GII
(n = 11)

GIII
(n = 10)

3

4

4

0.0021

2

6

2

2

(0.407)

2

3

5

4

1

> 2.5
HSP60

E-HCC
(n = 5)

< 0.5

1

0.5–1.5

10

6

4

4

5

4

0.0041

1.5–2.5

1

2

1

4

6

4

(0.372)

> 2.5
HSP70

3

< 0.5
0.5–1.5

6

1.5–2.5

5

> 2.5
HSP90

7

3

3

2

5

0.100

2

4

8

4

(0.220)

5

1

1

1

< 0.5

1

0.5–1.5

5

6

3

2

2

2

0.0071

1.5–2.5

6

2

1

4

7

6

(0.353)

6

2

2

> 2.5
GRP78

GRP94

2

< 0.5

1

1

0.5–1.5

5

3

3

2

3

1.5–2.5

5

4

1

4

3

> 2.5

1

1

6

5

< 0.5

2

0.0071
(0.355)

7
1

0.5–1.5

7

1

2

1

5

4

0.571

1.5–2.5

2

6

3

5

4

1

(0.077)

> 2.5

2

1

6

2

4

DN: dysplastic nodule; LGDN: low-grade DN; HGDN: high-grade DN; HCC: hepatocellular carcinoma; E: early; G: Edmondson-Steiner’s grade; n: number of cases;
P: Spearman Correlation; (r): Correlation coefficient; 1Value was statistically significant.

DISCUSSION
The present study confirms the results from earlier proteomic
analysis and shows that HSPs are frequently up-regulated
in HCCs. Up-regulation of HSPs in various cancers suggest
that they might be involved in tumorigenesis[8]. Enhancement
of tumorigenesis by overexpression of HSP27 and HSP70
has been implicated in a rodent model[26-29]. HSPs are known
to be essential for the survival of cancer cells in different
cancers[16,28,29]. HSPs as molecular chaperones might sustain
cancer cells by modulating the activity of different proteins
involved in cell cycle and apoptosis. In fact many HSPs are
known to regulate apoptosis and even prevent apoptosis

induced by anticancer drugs[8]. For example, there has been
an implication that HSP27 prevents depolymerization of
F-actin by cytochalasin D and subsequent cytochrome C
release[30]. HSP70 helps to maintain the genomic stability
of telomerase[31]. HSP90 plays a role in breast and prostate
cancer by maintaining the functional quality of proteins
involved in the progression of cancer[31,32]. Schamhart et al[33],
reported that HCC cell lines respond to heat stress with a
transient increase in the synthesis of HSPs (molecular
weights of 107, 89, 70, 68, and 27 ku). Up-regulation of
HSP27 and HSP70 in HCCs in microarray studies has been
reported[34,35] . Takashima et al [36], reported that HSP70,

Table 3 Enhancement of HSP expression relative to non-tumorous tissue in hepatocarcinogenesis obtained by dot immunoblot analysis
Enhancement of expression (mean±SD)
Group

n
HSP27

HSP60

HSP70

HSP90

GRP78

GRP94

LGDN

11

1.25±0.31

1.07±0.43

1.37±0.45

1.55±0.45

1.65±0.85

1.61±1.02

HGDN

8

1.22±0.72

1.15±0.44

1.32±0.58

1.20±0.32

1.42±0.71

2.45±1.87

E-HCC

5

2.52±1.57

0.93±0.41

1.18±0.49

1.04±0.64

1.72±1.16

1.63±0.54

HCC GI
HCC GII

12
11

2.17±1.06
3.26±3.19

1.96±1.20
1.58±0.41

2.69±1.72
1.80±0.55

2.76±1.70
1.95±0.56

7.41±8.65
2.65±1.30

13.70±25.68
1.87±0.90

HCC GIII

10

2.68±2.34

2.14±1.58

1.66±0.84

2.22±1.33

4.54±4.79

3.02±2.70

0.123

0.021 1

P

0.0181

0.0041

0.005 1

0.373

LGDN: low-grade dysplastic nodule; HGDN: high-grade dysplastic nodule; E: early; HCC: hepatocellular carcinoma; G: Edmondson-Steiner’s grade; n: number of cases;
SD: standard deviation; P: Jonckheere-Terpstra test; 1Value was statistically significant.
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Table 4 Correlation between HSP immunostaining and prognostic
factors in 38 HCCs
P

Histological grade
E–HCC (5)
HCC GI (12)
HCC GII (11)
HCC GIII (10)
Tumor size
≤2 cm (10)
>2 cm (28)
Encapsulation
E-HCC (5)
Positive (27)
Negative (6)
Microvascular
invasion
Positive (16)
Negative (22)
Major portal
vein invasion
Positive (3)
Negative (35)
Intrahepatic
metastasis
Positive (7)
Negative (31)
Tumor stage
I (25)
II (10)
III (3)

HSP27

HSP60

HSP70

HSP90

GRP78

GRP94

0.150

0.085

0.009 1

0.0001

0.000 1

0.0001

0.097

0.158

0.077

0.079

0.0001

0.0191

0.434

0.634

0.0491

0.001 1

0.0111

0.005 1

0.413

0.339

0.042 1

0.000 1

0.0021

0.000 1

0.271

0.489

0.739

0.012 1

0.0501

0.028 1

0.798

0.189

0.158

0.000 1

0.0101

0.050 1

0.800

0.816

0.128

0.000 1

0.0021

0.000 1

E: early; G: Edmondson-Steiner’s grade; ( ): number of cases; P: JonckheereTerpstra test, Mann–Whitney test, or Kruskal–Wallis test; 1 Value was
statistically significant.

HSP70.1, GRP75, and GRP78 were simultaneously upregulated in hepatitis C virus-related HCCs in proteomic
and immunoblot analysis. However, it has not yet been known
whether the expression of HSPs is involved in HBV-related
multistep hepatocarcinogenesis. We performed IHC and
dot immunoblot analyses of HSP27, HSP60, HSP70,
HSP90, GRP78, and GRP94 on a series of hepatocellular
tumors including premalignant lesions. IHC analysis is used
often in clinical studies to investigate the expression of specific
proteins. However, immunohistochemistry is inadequate for
a quantitative comparison of protein expression in both nontumorous and tumorous tissues. Thus we performed dot
immunoblot analysis which is suitable for quantification of
protein expression in multiple samples, in order to supplement
the IHC results. Both immunohistochemistry and dot
immunoblot analysis showed an overall increase in HSP27,
HSP90, and GRP78 correlating with the stepwise progression
of hepatocarcinogenesis (P<0.05). Dot immunoblot analysis
enabled us to quantitatively compare the level of protein
expression at various stages of hepatocellular tumor (Table 3).
In IHC analysis, we showed that HSP27, HSP70,
HSP90, GRP78, and GRP94 were expressed increasingly
correlating with the stepwise progression of HBV-related
hepatocarcinogenesis. Strong correlation was found only in
GRP78 (Spearman’s r = 0.802). Moderate correlation
(Spearman’s r = 0.4-0.75) was found in HSP27, HSP70,
HSP90, and GRP94. It is possible that HSP expression
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increases as a result of tumorigenesis, due to stimulation
of HSPs by a stressful environment. However, the role of
HSPs involved in hepatocarcinogenesis is unknown, at this
time. Correlation between HSP27 expression and histological
grade in HCC has been reported[20]. Chuma et al[25], reported
that HSP70 expression gradually increased according to the
stepwise progression of hepatocarcinogenesis, which is
consistent with the result of this study. Shuda et al [37],
reported that mRNA and protein expression of GRP78
was up-regulated as the histological grade of HCC increased
and that its expression could be regulated by endoplasmic
reticulum stress response elements. Tanaka et al[21], reported
that the expression of GRP94 mRNA increased as the
histological grade of HCC increased. To our knowledge,
this is the first report of the correlations between the expression
of HSP27, HSP90, GRP78, and GRP94 and hepatocellular
tumors including premalignant lesions. In this study, GRP78
and GRP94 were commonly up-regulated in DN, although
their expression levels were not that high. We think that
GRP78 and GRP94 might play a role in the early stage of
HBV-related hepatocarcinogenesis.
Progression of HCCs often leads to vascular invasion
and intrahepatic metastasis. A tumor capsule may act as a
barricade preventing the spread of cancer cells and may
have a positive role in the prognosis of HCC[38]. There was
a positive correlation between the expression of GRP78,
GRP94, HSP90, or HSP70 and prognostic factors of HBVrelated HCC, which implies that the expression of these
HSPs is closely correlated with tumor progression and
aggressive behavior of HCC. In this study, there was no
relation between the HSP27 expression and prognostic
factors of HBV-related HCC. This is at variance with a
previous report by King et al [20], who found correlation
between HSP27 expression and histological grade of HCC
in cases with high rate of HBV infection. The relation
between histological grade and HSP27 expression in HBVrelated HCC needs further analysis. To our knowledge, this
is the first report of the correlation between the expression
of GRP78, GRP94, HSP90, and HSP70 and prognostic
factors of HCC. Although the implication of the
overexpression of GRP78, GRP94, and HSP90 in HCCs
is not clear at present, results of this study suggest that the
above HSPs could be important prognostic markers of
HBV-related HCC, which strongly suggests the presence
of vascular invasion and intrahepatic metastasis.
In conclusion, the expressions of HSPs are commonly
up-regulated in HCCs and their expression patterns tend
to be closely associated with stepwise progression of
HBV-related hepatocarcinogenesis. GRP78 might play an
important role in the stepwise progression of HBV-related
hepatocarcinogenesis. Expression of GRP78, GRP94,
HSP90, or HSP70 is closely correlated with tumor
progression and aggressive behavior of HBV-related HCC.
Specifically, GRP78, GRP94, and HSP90 may be important
prognostic markers which strongly suggest the presence of
vascular invasion and intrahepatic metastasis.
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Abstract
AIM: Clinical application of human hepatocytes (HC)
is hampered by the progressive loss of growth and
differentiation in vitro . The object of the study was to
evaluate the effect of a biphasic culture technique on
expression and activation of growth factor receptors and
differentiation of human adult HC.
METHODS: Isolated HC were sequentially cultured in a
hormone enriched differentiation medium (DM) containing
nicotinamide, insulin, transferrin, selenium, and dexamethasone or activation medium (AM) containing hepatocyte
growth factor (HGF), epidermal growth factor (EGF), and
granulocyte-macrophage colony-stimulating factor (GMCSF). Expression, distribution and activation of the HC
receptors (MET and EGFR) and the pattern of characteristic
cytokeratin (CK) filaments were measured by fluorometry,
confocal microscopy and Western blotting.
RESULTS: In the biphasic culture system, HC underwent
repeated cycles of activation (characterized by expression
and activation of growth factor receptors) and re-differentiation
(illustrated by distribution of typical filaments CK-18 but

low or absent expression of CK-19). In AM increased
expression of MET and EGFR was associated with receptor
translocation into the cytoplasm and induction of atypical
CK-19. In DM low expression of MET and EGFR was localized
on the cell membrane and CK-19 was reduced. Receptor
phosphorylation required embedding of HC in collagen
type I gel.
CONCLUSION: Control and reversible modulation of
growth factor receptor activation of mature human HC
can be accomplished in vitro, when defined signals from
the extracellular matrix and sequential growth stimuli are
provided. The biphasic technique helps overcome dedifferentiation, which occurs during continuous stimulation
by means of growth factors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver regeneration requires the remaining hepatocytes (HC)
not only to retain their ability to proliferate but also to
perform all essential functions needed for homeostasis in
vivo[1]. In recent years, some obstacles encountered during
the culturing of human liver cells have been overcome,
emphasizing the role of soluble growth factors[2], extracellular
matrix (ECM)[3,4] , cellular cross-talk [5-7] and the existence
of a compartment of progenitor cells[6]. However, little
attention has been attributed to the dynamics of this process,
which requires adaptation of parenchymal cells to systemic
signals and changes in their microenvironment. Sequential
coordination of this complex process finally determines if
successful regeneration (growth and repair) or irreversible
liver failure occurs.
Current in vitro models have suggested that in vitro growth
of HC involves de-differentiation, characterized by induction
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of alpha-fetoprotein (AFP) or cytokeratin 19 (CK-19)[2,3,8,9].
In human liver, CK-19 is expressed in fetal hepatic progenitor
cells and in mature bile duct epithelial cells, but not in mature
HC[10]. Models of HC transplantation suggest that HC
proliferation in the adult liver is not associated with dedifferentiation [9]. In cell culture models with rat HC,
proliferation triggered by hepatocyte growth factor (HGF)
and epidermal growth factor (EGF) has been associated
with the loss of liver-specific proteins [albumin, cytochrome
P450 (CY P450)] and induction of AFP and CK-19[2,3,5,11,12].
Re-differentiation to the HC phenotype has been attributed
to the presence of either EHS gel, a basement membrane
analogue from the Engelbreth-Holm-Swarm mouse
sarcoma, which contains several ECM components and
growth factors[2], or collagen type I gel[8]. Growth arrest has
been associated with re-differentiation, possibly as a result
of decreased expression of growth receptors for EGF
(EGFR) and HGF (MET)[2,4].
However, in these systems, the continuous exposure to
hepatic mitogens is not physiologic and does not reflect the
situation in vivo, where paracrine secretion of growth factors
and matrix deposition occur in a sequential manner[13]. With
regard to organ development, it is well established that
tyrosine kinase receptors are critical components in the
pertinent response to mesenchymal signals, requiring
receptor expression at the appropriate times[14]. In current
culture models, continuous exposure of cultured HC to
high levels of HGF and EGF has enabled substantial
proliferation of rodent HC in vitro [2], but subsequent
transmission of this model to human HC in vitro has not
yielded comparable results [4]. Decrease in tyrosine
phosphorylation and down-regulation of receptor proteins
have been suggested to account for the decline, but as yet
this dilemma has not been resolved.
Expansion of mature human HC in vitro and controlling
their differentiation is essential to employing human liver
cells in bioartificial liver support, would help improve the
outcome of gene therapy and HC transplantation and would
open new perspectives for stem cell engineering. In this
paper we describe a novel, defined culture model based
upon a biphasic culture technique of human HC. We have
analyzed the effects of culture medium providing either
factors of metabolic support (differentiation medium (DM),
containing dexamethasone, insulin, transferrin, selenium, and
high amounts of nicotinamide) or mitogenic stimulation
(activation medium (AM), containing moderate amounts
of EGF, HGF, granulocyte-macrophage colony-stimulating
factor (GM-CSF)) onto expression and bioactivity of MET
and EGFR in human HC. We have examined receptor
expression, distribution (membrane or cytoplasmic) and
functional activity (phosphorylation) of these receptors and
the corresponding phenotype of these cells (pattern of CK18 and CK-19).
We provide compelling evidence that control of
differentiation and activation of human HC is feasible in a
reversible manner by sequential modulation of soluble
nutrients. In contrast to other models, we demonstrate that
biological response of human HC to soluble growth factors
is not inhibited, but supported by a surrounding 3D ECM,
if chemically defined collagen type I gel is applied.
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MATERIALS AND METHODS
Human hepatocytes
For isolation of primary human HC, normal human liver
tissue was obtained from hemihepatectomy specimen (due
to secondary liver metastases) or from unused liver transplant
tissue (reduced sized grafts). For cell isolation purposes, the
normal hepatic tissue was carefully resected at a safe distance
to the tumor tissue and the resection edge. The patients’
sex was equally distributed, their age ranged from 20 to
60 years, and tissue was only isolated if primary liver disease
was excluded. Informed consent was obtained, and the study
was approved by the local ethical committee in accordance
with the Declaration of Helsinki. Human HC were isolated
by the two-step collagenase perfusion technique and seeded
on a 2D collagen I matrix or within a 3D collagen sandwich
as described elsewhere[8].
Culture media and incubation protocol
HC were cultured continuously either in a chemically defined
DM or AM. Both media consisted of DMEM (Invitrogen,
Karlsruhe, Germany), supplemented with 50 mL/L pooled
human serum, 20 mmol/L Hepes, and 50 µg/mL gentamycin.
DM was enriched with nicotinamide, insulin, transferrin,
selenium, and dexamethasone. AM was deprived of hormones
but instead enriched with the mitogens EGF, HGF, and
GM-CSF. The full description of both media is shown in
Table 1.
In subsequent studies, both media were used alternately
in 5-d intervals. Freshly isolated HC were incubated with
DM (incubation code A) or AM (incubation code B) for
5 d, followed by a switch to AM (incubation code A) or
DM (incubation code B) for the next 5 d. Then a further
medium change was carried out to recover the initial culture
conditions. Figure 1 shows the experimental design.
Table 1 Cell culture media

D-glucose
Galactose
Ornithine
L-proline
Nicotinamide
ZnCl2
ZnSO4·7H2O
CuSO4·5H2O
MnSO4
L-glutamine
ITS1
Dexamethasone
1

DM

AM

DMEM
20 mmol/L Hepes
50 µg/mL gentamycin
50 mL/L human serum

DMEM/Ham’s F12
20 mmol/L Hepes
50 µg/mL gentamycin
50 mL/L human serum
10 ng/mL EGF
1 ng/mL HGF
1 ng/mL GM-CSF
3.15 g/L

2 g/L
2 g/L
0.1 g/L
0.03 g/L
305 mg/L
0.544 mg/L
0.75 mg/L
0.2 mg/L
0.025 mg/L
580 mg/L
0.5 g/L
1.0 g/L

0.02 g/L
2.02 mg/L
0.432 mg/L
0.0013 mg/L
365 mg/L

ITS = rh-insulin 5.0 mg/L, human transferrin 5.0 mg/L, selenium 5.0 µg/L.

MET and EGFR surface expression
Receptor surface expression was detected using a FACscan
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(Becton Dickinson, Heidelberg, Germany) . The following
antibodies were used: anti-MET (rabbit, polyclonal; Santa
Cruz Biotechnology, Heidelberg, Germany), anti-EGFR
(mouse, clone LA22; Santa Cruz Biotechnology), anticytokeratin 18 (mouse, clone Ks18.04; Progen, Heidelberg,
Germany), anti-cytokeratin 19 (mouse, clone Ks19.1; Progen).
FITC-conjugated goat-anti-rabbit IgG or goat anti-mouse
IgG served as the secondary antibody.
Confocal microscopy
HC were plated on round cover slips (pretreated with
collagen I) and incubated for 60 min with unconjugated
anti-MET or anti-EGFR antibody. Indocarbocyanine (Cy
3TM; Dianova; working dilution: 1:50) conjugated goat-antimouse IgG or goat anti-rabbit IgG was added as the secondary
antibody. Specimens were viewed after embedding in an
antifade reagent/mounting medium mixture (ProLongTM
Antifade Kit, MoBiTec, Göttingen, Germany) using a confocal
laser scanning microscope (LSM 10; Zeiss, Jena, Germany)[6].
Western blot
HC lysates were applied to a 7% polyacrylamide gel and
electrophoresed for 90 min at 60 V. The protein was then
transferred to nitrocellulose membranes. After blocking, the
membranes were incubated overnight with the anti-MET
(dilution 1:10 000) or anti-EGFR (dilution 1:100) antibody.
HRP-conjugated goat-anti-mouse IgG (Upstate Biotechnology,
Lake Placid, NY; dilution 1:5 000) served as the secondary
antibody. The membrane was briefly incubated with ECL
detection reagent (ECLTM, Amersham) to visualize the
proteins and exposed to an X-ray film (HyperfilmTM ECTM,
Amersham). The cell line A431 served as the positive control.
Receptor phosphorylation
At several time points after plating, cell culture medium
was removed and replaced by a serum- and growth-factorfree medium. After 20-h incubation, HC were stimulated
for 3 min with either 10 ng/mL EGF or 1 ng/mL HGF.
Subsequently, HC were rinsed with ice-cold PBS, lysed for
5 min in lysis buffer and the Western blot assay was carried
out as described above. The monoclonal antibody p-Tyr
(Santa Cruz Biotechnology; clone PY99, 1:250 dilution)
was used to detect ligand-induced tyrosine phosphorylation.

5
0
0

5
10 15
Incubation (d)

20

Figure 2 Expression kinetics of growth factor receptors. A: MET
expression; B: EGFR expression. HC were permanently cultured
either in a AM or in a DM. The receptor level was detected by flow
cytometry and expressed as relative fluorescence units (RFU).
mean±SD (n = 6), aP<0.05 between groups.

Statistical analysis
All experiments with flow cytometry were performed six
times. Data presented in the graphics are expressed as
mean±SD. Statistical analysis was conducted by the WilcoxonMann-Whitney-U test. Differences were considered
statistically significant at P<0.05.

RESULTS
Expression of MET and EGFR
When HC were permanently incubated in AM, membranous
MET expression rapidly increased and reached a plateau
phase within 10 d. In contrast, MET expression remained
low in the continuous presence of growth-factor-free DM
(Figure 2A). Confocal examination of receptor distribution,
8 h after HC isolation, demonstrated weak receptor
expression mainly along the plasma membrane. Prolonged
cultivation in DM typically resulted in distinct surface
assembly of MET. This pattern remained stable for 3 wk.
A different feature was observed in the presence of AM,
as MET strongly accumulated in the cytoplasm, already 5 d
after plating out the HC (Figure 3A).
Contrary to the dynamic alterations of MET, membranous
EGFR expression was not enhanced by growth factors
during the early period of cell cultivation. Rather, EGFR
was not up-regulated until after a 10-d lag phase (Figure 2B).
Simultaneous confocal analysis showed initial cytoplasmic
EGFR location, followed by a strong intracellular accumulation
when cultivated in AM, or by a distinct enrichment at
the hepatocellular membrane when cultivated in DM
(Figure 3B).
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Figure 3 Confocal analysis of distribution pattern of growth factor receptors on d 0 and 5 after culture onset. A: MET distribution; B: EGFR
distribution. HC were cultured either in DM or in AM. Indocarbocyanine staining, ×100/1.3 oil immersion objective. Each figure is representative for three separate experiments.

Reversible induction of differentiation and activation of human
HC in a biphasic culture system
When using DM and AM alternately, MET and EGFR
expression kinetics strictly followed the extracellular
conditions. When HC were initially treated with DM for
5 d, MET remained constant during this time (Figure 4A,
code A). However, the subsequent switch to AM evoked
a nearly two-fold increase in MET by d 10. This process
was reversible, as the MET level nearly returned to basal
values when the initial culture conditions were established
again (d 20). Reversal of the differentiation status was also
possible when HC were cultured in the order AM-DM-

AM (Figure 4A, code B).
In good accordance with the fluorometric analyses, Western
blot data showed reversible changes of total MET protein
content, which were strongly dependent on the cell culture
conditions (Figure 5).
Similar changes were observed with respect to the EGFR.
However, due to the lag phase of the EGFR expression
kinetics, which has been demonstrated in Figure 2B,
reversible receptor changes in response to the cell culture
medium did not occur immediately (as seen with respect to
MET expression), but with 5-10 d delay (Figure 4B).
As CK are well-established differentiation markers, all
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Figure 4 Dynamics of growth factor receptor expression. A: MET kinetics;
B: EGFR kinetics. HC were plated on a 2D collagen matrix and incubated alternately in AM or DM. Code A (2D startdiff) is related to initial
5-d incubation in DM, followed by 5-d incubation in AM and subsequent
incubation in DM. Code B (2D startactiv) concerns the incubation order
AM-DM-AM. The receptor level was detected by flow cytometry and
expressed as RFU. mean±SD (n = 6), aP<0.05 between groups.

Figure 6 CK 18 and 19 expression, several time points after cell
plating. A: Kinetic part I is related to initial 5-d incubation in DM,
followed by 5-d incubation in AM and subsequent incubation in DM;
B: Kinetic part II is related to the incubation order AM-DM-AM. HC
were seeded on a 2D collagen matrix and incubated alternately in
AM or DM. CK level was detected by flow cytometry and expressed
as RFU. mean±SD (n = 6); aP<0.05 between groups.

experiments were repeated with respect to CK-18 and CK19 expression. AM triggered up-regulation of CK-18 and
de novo expression of CK-19. In contrast, DM evoked
stable CK-18 expression level and prevented CK-19
synthesis. The processes were reversible, a switch from AM
to DM was paralleled by a strong down-regulation of both
CK-18 and CK-19. The subsequent switch to AM increased
the filament expression level again. CK-18 and CK-19 were
also regulated in a reversible manner when HC were
cultured in the order DM-AM-DM (Figures 6 and 7).

freshly isolated HC were initially incubated in AM up to
d 5, and then exposed to DM (d 5 until d 10), intracellular
EGFR became re-distributed along the plasma membrane
(Figure 8A). In contrast, cultivation in the order DM up to
d 5, AM from d 5 until d 10, was accompanied by a loss of
EGFR surface expression, and a rapid internalization of
this receptor (Figure 8B). A further switch back to DM
was paralleled by a distinct re-accumulation of EGFR onto
the surface of the plasma membrane (Figure 8C), which
corresponds to the initial culture state.

Dynamics of growth receptor distribution in the biphasic
culture system
Figure 8 shows that EGFR localization followed the timedependent medium changes in a reversible manner. When

Receptor phosphorylation depends on three-dimensional cell
shape
When HC were seeded on a 2D collagen matrix, only a
weak MET phosphorylation signal was detected in the early
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Figure 5 Western blot analysis of MET protein content. HC were incubated alternately in AM or DM. Medium was changed on days 5 and 10.
Incubation code A indicates initial 5-d incubation in DM, followed by 5-d
incubation in AM and subsequent incubation in DM. Incubation code B is
related to initial incubation in AM, followed by incubation in DM and,
subsequently, in AM. A431 cells served as positive controls. The blots
are representative for three separate experiments.
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Figure 7 Western blot analysis of CK 18 protein content. HC were
incubated alternately in AM or DM. Medium was changed on d 5 and
10. Code A indicates initial 5-d incubation in DM, followed by 5-d
incubation in AM and subsequent incubation in DM. Code B is related to initial incubation in AM, followed by incubation in DM and,
subsequently, in AM. -actin served as the internal control. The blot
is representative for three separate experiments.

Auth MKH et al. Controlled differentiation of hepatocytes

cultivation period, independent of the cell culture medium
used (Figure 9, right lanes, d 5). However, when HC retained
their 3D structure by embedding them in a 3D collagen
sandwich, a distinct activation of MET was evoked in
response to a short-course stimulus by soluble HGF. The
response was strongly dependent on the extracellular milieu.
Figure 9, left lanes, demonstrates that MET phosphorylation
was most prominent in a growth factor free, but hormone
enriched environment DM. Receptor responsiveness could
be induced in a controlled and reversible manner, as MET
activity was high in presence of DM, was down-regulated
in the presence of AM, but became reactivated when the
starting conditions DM were re-introduced.

DISCUSSION
Over more than a decade there has been the hope of growing
and expanding human HC in vitro[2,4,15,16]. While a medium
with high amounts of HGF, EGF and nicotinamide has
enabled proliferation of rodent HC[2], comparable results
have not been achieved with human cells[4] . To prevent
receptor down-regulation, which is associated with constant
culture conditions, we developed a novel, biphasic culture
technique. Hereby, we were able to demonstrate a controlled
switch from hepatocellular differentiation to activation in a
reversible manner.
The mixture of hormones and growth factors may exert
counteracting effects in the downstream cascade, e.g., HGF
and EGF activate the protein kinases ERK1/2, and the
transcription factors NF-kappa B and AP-1, whereas
dexamethasone inhibits them[17-19]. Therefore, we devised
two distinct media (DM and AM) for alternate incubation.
Our composition of AM contained biologically active[20,21],
but lower amounts of HGF, EGF, and nicotinamide than
other models[2,4]. In order to synergize with HGF’s mode
of action, we substituted with GM-CSF, which promotes
activation of ERK1/2, NF-kappa B and AP-1[22-24]. In AM,
we detected high receptor expression, but translocation into
the cytoplasm, accompanied by increase of atypical
intermediate filaments CK-19 (“ductular phenotype”),
suggesting de-differentiation as described before[2,8].

EGFR distribution

A

Our composition of DM included dexamethasone, high
levels of nicotinamide, insulin in a beneficial mixture with
transferrin and selenium, metabolic substrates which have
been shown to induce albumin expression, cytochrome P450
activity, and amino acid uptake[4,25-27] . We omitted HGF,
which down-regulates CYP450-expression and synthesis of
acute-phase proteins[11,12]. In DM, tyrosine kinase receptor
expression was reduced, but accompanied by proper
distribution along the plasma membrane. This correlated
with reduction of atypical CK-19 expression, indicating more
physiological differentiation (CK-18 positive, CK-19
negative) of parenchymal HC.
These observations suggest that continuous exposure
to soluble mitogens does not go along with an adequate
biological response. Conversely, presence of a growth-factorfree, but hormonally enriched environment DM supports
not only cytoskeletal differentiation, but also enables
appropriate receptor distribution.
To reflect variable metabolic demand and growth
responsiveness, our dynamic model was based upon alternating
stimulation by SM or DM in 5-d intervals. Hereby, we
considered the dependency of liver-specific metabolic genes
on hormonal changes[28] , the capability of proliferation
without shutting down liver-specific functions [1], the
sequential course of organ development and regeneration
in vivo[14], and the balanced interplay of positive and negative
signals in this process[1].
It is possible that complete down-regulation of tyrosine
kinase receptors was prevented in our system by lack of
continuous exposure to mitogens and omission of nuclear
hormones in AM [2,4]. Our activation interval was adjusted
to the kinetics of liver cell proliferation in vivo [29] and in
vitro [16,20,21] . In other models, continuously high mitogenic
stimulation was associated with an increase of AFP and
CK-19 over time[2,4], possibly reflecting a situation such as
encountered in fulminant hepatitis, where very high levels
of serum HGF induce ductular structures, eventually
inhibiting liver regeneration and causing irreversible hepatic
failure. Remarkably, in our model, re-differentiation could
repeatedly be accomplished by a medium switch to DM.
Therefore, our experiments indicate that an unphysiologic
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ductular phenotype may be induced by the continuous presence
of growth factors. This process could be counteracted by a
predominance of hormonal and metabolic substrates,
suggesting that the maintenance of hepatic growth and
metabolism may be feasible in vitro[9,28].
In our model, tyrosine kinase phosphorylation, physiologic
expression of CK-18, and significant reduction of CK-19
levels depended on embedding in 3D collagen type I gel. It
is well established that cell shape determines whether an
individual cell will grow, differentiate, or die in response to
growth factors[30]. Our findings are supported by previous
reports, illustrating that collagen type I sandwich gel increased
HC transcriptional activity and maintained liver-specific
genes[31]. Furthermore, it has been tested as the only substrate
enabling both maintenance of liver-specific genes and
proliferation[1] . For the first time, we have been able to
demonstrate the synergism of cell-matrix effects and soluble
signals on differentiation and growth factor responsiveness
of human HC.
The capacity for liver cell proliferation correlates with
expression of MET, but not serum levels of HGF[32,33] .
MET and EGFR are members of the transmembrane
growth factor receptor tyrosine kinase family. Ligandinduced activation is characterized by receptor dimerization,
autophosphorylation in the cytoplasmic domain, attracting
cytosolic protein complexes, followed by phosphorylation
of mitogen-activated protein kinase and kinases [14,28,34].
In our sequential model, a strong receptor expression
associated with translocation into the cytoplasm was
induced by the presence of exogenous growth factors. On
the contrary, receptor expression was low, but distributed
along the plasma membrane, when growth factors were
omitted and a hormone-rich milieu was supplied. The
appropriate localization and subsequent activation of growth
receptors on human HC illustrate that essential biological
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requirements for liver repair and regeneration are provided
by our culture model.
This biphasic technique represents progress in controlling
growth and differentiation of human HC in vitro. Sequential
stimulation of liver cells may help uncover the links between
metabolism and the complex cascade of gene activation
required for DNA replication[22]. Eventually, these studies
might promote the application of human liver cells in HC
transplantation, gene therapy, adult stem cell transfer, and
bioartificial liver support[35,36].
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Abstract
AIM: The incorporation of hepatitis B virus (HBV) preS1
region into epitope-based vaccines against HBV has been
accepted widely, but the incorporate site and size of preS1
sequence is controversial. Therefore our purpose was to
further investigate its immunogenic domains for the epitopebased hepatitis B vaccine design.
METHODS: Eight GST fusion proteins containing
overlapping preS1 fragments in preS1 (21-119) region
were expressed in E.coli. Using these purified fusion
proteins, the immunogenic domains in preS1 region were
identified in detail in mice and humans by Western blot
analysis and ELISA.
RESULTS: The results in mice showed that the immunogenic domains mainly existed in preS1 (21-59) and
preS1 (95-109). Similarly, these fragments had strong
immunogenicity in humans; whereas the other parts
except for preS1 (60-70) also had some immunogenicity.
More importantly, a major immunogenic domain, preS1
(34-59), which has much stronger immunogenicity, was
identified. Additionally, the antibodies against some preS1
fragments, especially preS1 (34-59), were speculated to
be virus-neutralizing.
CONCLUSION: Eight GST fusion proteins containing
overlapping preS1 fragments were prepared successfully.
They were used for the study on the immunogenic domains in preS1 (21-119) region. The preS1 (34-59) fragments were the major immunogenic domains in the preS1
region, and the antibodies against these fragments were
speculated to be virus-neutralizing. Therefore, the
incorporation of preS1 (34-59) fragments into epitopebased HBV vaccines may be efficient for enhancement of
immune response. Additionally, the results also imply that
there are more complex immune responses to preS1
region and more abundant immunogenic domains in humans.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is a small enveloped DNA virus,
whose envelope contains three related surface glycoproteins
called the large (L), middle (M) and small (S) proteins. All
these proteins are the products of a single open reading
frame, which is divided into preS1, preS2 and S regions[1].
They arise from three separate translation initiation AUG
codons and share a common C-terminal. The S protein
(226 amino acid residues) is encoded by the S gene. The M
protein contains preS2 (55 amino acid residues) and S regions,
while L protein contains preS1 (108 or 119 amino acid
residues, depending on the subtype), preS2 and S regions.
HBV is the major etiologic agent for hepatitis B in humans[2].
It may cause acute and chronic hepatitis with serious sequelae such as cirrhosis and hepatocellular carcinoma (HCC)[3].
There are about 400 million HBV carriers worldwide[4] with
about one million deaths per year due to HBV-associated
liver cancer[5]. Whereas a previous study claimed that mass
vaccination was effective in preventing HBV infection and
in declining the incidence of HCC[6]. These enormous successes were achieved with plasma-derived vaccines, and later
with yeast-derived recombinant vaccines[7,8]. However, both
vaccines have a none-response rate of up to 10% in healthy
vaccines after immunization with the licensed vaccines
containing only the S-protein component of HBV surface
antigen (HBsAg) particles[9]. Therefore, it is necessary to
develop more effective and highly immunogenic vaccines.
For the development of vaccines against HBV, the preS1
sequence of HBsAg has been shown to be a particularly
efficient immunogen at T-and B-cell levels[10,11]. In general,
epitopes of proteins should be incorporated into recombinant
vaccines for the production of poly-and monoclonal antibodies[12]. Great deals of studies have shown that there are
many immunogenic B-cell epitopes in the preS1 domain.
Five distinct antibody-binding sites within the preS1 region
of HBsAg/P43 of the adw subtype: preS1 (16-27), preS1
(32-53), preS1 (41-53), preS1 (94-105) and preS1 (106-117)
have been determined in mice[13]. A putative B-cell epitope
biased to the C-terminal region, preS1 (57-119), was
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identified in a commercially available immunoglobulin prepared from chronically HBV-infected donors[14]. Additionally,
many epitopes of monoclonal antibodies directed against
preS1 have also been mapped such as preS1 (27-35), preS1
(72-78)[15], preS1 (30-35)[16], preS1 (19-26), preS1 (37-45)[17,18],
preS1 (37-43)[19] and preS1 (32-47)[20]. Many T-cell epitopes in
preS1 region have also been identified, such as preS1 (21-30),
preS1 (29-48)[21], preS1 (12-21) and preS1 (94-117)[13]. On
the other hand, the incorporate site and size of preS1 sequences are controversial. Some candidate vaccines integrated
all preS1 sequences[22-24]; other incorporated partial sequences
of preS1 such as preS1 (21-47)[25], preS1 (12-52)[26] and preS1
(1-42)[27]. So it is important to further identify the immunogenic
domains in HBsAg preS1 region for the design of vaccines
against HBV.
Some reports pointed out that there were no important
B-cell epitopes in preS1 (1-20) domains[13,28]. In the present
study, eight GST-preS1 fusion proteins overlapped in the
preS1 (21-119) region were highly expressed in E.coli and
used to identify its immunogenic domains in mice and humans by Western blot analysis and ELISA.

MATERIALS AND METHODS
Expression, purification of GST-preS1 fusion proteins
Eight overlapping fragments, preS1 (21-47), preS1 (34-59),
preS1 (48-70), preS1 (60-85), preS1 (71-94), preS1 (86-109),
preS1 (95-119) and preS1 (21-119) of HBV adr subtype
were individually expressed as a fusion protein with GST.
The coding sequences of these preS1 fragments were
synthesized by PCR from pADR-1 using 5’- and 3’-primers
and subcloned into the BamHI and EcoRI sites of pGEX
4T-1 (Pharmacia) to yield expression plasmids. To express
the GST-preS1 fusion proteins, expression plasmids were
transformed into E.coli BL21 (gold) cells and the expression
of fusion proteins was induced by 0.1 mmol/L isoprophyl-D-thiogalactopyranoside (IPTG) at 37 ℃ for 2 h. The
induced cells were harvested and sonicated. Supernatants
of the cell lysates were affinity purified by glutathione
(GSH)-sepharose 4B (Sigma) column chromatography. The
quantity of purified fusion proteins was measured by
Lowry’s method using bovine serum albumin as the
standard. The procedures in detail were described in a
previous study[29] . Then the cell lysates and the purified
fusion proteins were subjected to 12.5% SDS-PAGE and
Western blot analysis.
Immunization of mice
A group of five 7-week-old female Balb/C mice were
immunized intraperitoneally with 25 µg of His-preS1
(21-119) fusion proteins[30] in 0.5 mL of complete Freund’s
adjuvant (CFA, Sigma) at wk 0 and boosted at wk 2, 4, 6,
and 8 with a same amount of antigen in Freund’s incomplete
adjuvant (IFA, Sigma). The collected sera obtained at wk 0,
1, 3, 5, 7 and 9 were used to analyze the antigenicity of the
above eight preS1 fusion proteins by Western blot analysis
and ELISA.
Western blot analysis
After electrophoresis, electrophoretic protein bands of the
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expressed cell lysates were transferred to nitrocellulose
membranes (Hoefer Scientific). The membranes were
incubated with the mixture of five mice antisera (1:300
dilution) collected at wk 9, then reacted with goat anti-mouse
IgG peroxidase conjugates (Novagen) (1:20 000 dilution).
After being washed, the substrate solution containing
DAB·4HCl (0.5 mg/mL, Amersco) and H2O2 (0.1 µL/mL)
was added and the reaction was quenched with distilled water.
ELISA of mouse antisera
A same amount (100 ng/well) of eight preS1 fusion proteins
dissolved in 15 mmol/L sodium carbonate, 35 mmol/L
sodium bicarbonate buffer, pH 9.6 were coated on microtiter
plates (Nunc) at 37 ℃ for 2 h. After being washed thrice
with PBS-0.1% Tween 20 (PBS-T) and blocked with 2.5%
bovine serum albumin in PBS at 37 ℃ for 1 h, separate
mouse antisera (1:300 dilution) collected at different time
points were added and incubated at 37 ℃ for 1 h. The
wells were washed five times as described above, then goat
anti-mouse IgG peroxidase conjugates (Novagen) (1:20 000
dilution) were added and incubated at 37 ℃ for 1 h. The
substrate solution (0.06 mg/mL TMB and 0.3 µL/mL H2O2
in 0.1 mol/L Na2HPO4-citrate buffer, pH 5.0) was added
to each well and incubated at 37 ℃ for 15 min. The reaction
was stopped with 2 N sulfuric acid and A values were
measured at 450 nm in an ELISA reader. The mean A
value from five mice antisera was plotted on the
corresponding graph.
In competitive ELISA, the mouse antisera were diluted
in different concentrations (Figure 3), and previously incubated with the coated antigens or other overlapping antigen
(s) at a dose of 2 µg at 37 ℃ for 1 h. The antisera without
antigen treatment were used as controls. The selection of
coated antigens with immunogenicity depends on the results
of Western blot analysis. The other experimental steps were
the same as described above.
ELISA of human sera
The plate wells were coated with different preS1 fusion
proteins as described above, and then washed thrice with
PBS-0.5% Tween 20 (PBS-T) and blocked with 25% goat
sera, 2.5% skimmed milk in PBS at 37 ℃ for 1 h. Human
serum samples from 28 normal individuals, 37 acute hepatitis
B patients, 106 chronic hepatitis B patients and 33 HCC
patients with hepatitis B collected from Changzheng Hospital,
Shanghai and East Hepatobiliary Surgery Hospital, Shanghai
were diluted 1:30 with sample buffer (25% goat sera, 2.5%
skimmed milk, 10% glycerol, 0.19% EDTA in PBS-T). The
plates were filled with the diluted serum samples and
incubated at 37 ℃ for 1 h, then washed seven times as
described above. Peroxidase conjugated goat anti-human
IgG (-chain specific, Sigma) (1:5 000 dilution) was added
to each well and incubated at 37 ℃ for 1 h. The plates
were then washed seven times with PBS-T and the substrate
solution was added to react. After 15-min incubation, the
reaction was stopped with 2 N sulfuric acid. A values were
measured at 450 nm in an ELISA reader. The mean value
obtained from the sera of different infection types was
plotted on the corresponding graph.
In competitive ELISA, the mixture of serum samples
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Figure 1 Expression, purification, and Western blot analysis of eight GST fusion proteins containing overlapping preS1 fragments in E.coli
BL21 (gold). A and B: Cell lysates and purified fusion proteins subjected to 12.5% SDS-PAGE and stained with Coomassie brilliant blue. C:
Protein bands on the duplicate gel of cell lysates electroblotted onto a nitrocellulose membrane for Western blot analysis with mice antisera.
Lane M: Molecular weight standard. Lanes 1-8: The samples containing preS1 (21-119), preS1 (21-47), preS1 (34-59), preS1 (48-70), preS1 (6085), preS1 (71-94), preS1 (86-109) and preS1 (95-119) in a sequent order.

from acute hepatitis B patients was used and the other
procedures were similar to those in mice.

RESULTS
Expression, purification of GST-preS1 fusion proteins
After the expression plasmids were verified by sequencing,
they were transformed into E.coli BL21 (gold). The eight
overlapping preS1 fusion proteins were highly expressed in
the transformed cells (Figure 1A). The supernatants of
sonicated cell lysates were applied to affinity chromatography on glutathione-sepharose 4B column, and the
purified fusion proteins were obtained (Figure 1B). The
purities of purified fusion proteins were evaluated to be
over 95% by densitometric scanning. About 50-90 mg of
soluble purified proteins was obtained from 1 L of culture.
Immune response to His-preS1 (21-119) fusion protein in mice
The results of Western blot analysis (Figure 1C) showed
that the immunogenic domains of preS1 (21-119) sequences
in mice existed in the fragments of preS1 (21-47), preS1
(34-59) and preS1 (48-70) in the N-terminus, and in the
fragments of preS1 (86-109) and preS1 (94-119) in the Cterminus, whose strips appeared obvious staining intensity.
Especially, the staining intensity of preS1 (34-59) strips was
much higher than that of the other preS1 fragments. While
the staining intensity of preS1 (60-85) and preS1 (71-94)
GS T
preS1(21-119)
preS1(21-47)
preS1(34-59)
preS1(48-70)
preS1(60-85)
preS1(71-94)
preS1(86-109)
preS1(95-119)

1.2
1.0

A 450

0.8
0.6
0.4
0.2
0.0
0
2
4
6
8
10
Collection time of mouse antisera (wk)

Figure 2 Immunogenicity analysis of different fragments in preS1
(21-119) region in mice by ELISA using eight overlapping GST-preS1
fusion proteins as coated antigens. The mice were immunized with
His-preS1 (21-119) fusion proteins at wk 0, 2, 4, 6 and 8, and the
antisera were collected the following week.

strips was very weak, suggesting that the five fragments in
preS1 (21-119) region, especially preS1 (34-59), had strong
immunogenicity, and the two fragments in the middle had
little immunogenicity.
The results of ELISA as shown in Figure 2 indicated
that the immunoreactivity of antisera directed against most
preS1 fragments increased obviously at wk 3 and went to
the utmost at wk 7. It also showed that the antigenicity of
preS1 (21-119) and preS1 (34-59) decreased slightly after
wk 7, while the antigenicity of the other fragments did not.
The distribution and strength of immunogenicity in these
fragments were in agreement with the observations in
Western blot analysis. The results also demonstrated that
preS1 (34-59) fragments were also the strongest in immunogenicity.
The precise immunogenic domains in preS1 (21-119)
region in mice were further identified with competitive
ELISA. The antigenicity of each coated antigen could be
inhibited by itself, which confirmed the specificity of its
corresponding antibody. The antigenicity of preS1 (21-47)
could be partially inhibited by preS1 (34-59) (Figure 3A),
suggesting that the two fragments, preS1 (21-33) and preS1
(34-47) had immunogenicity. The antigenicity of preS1
(34-59) could only be slightly inhibited by preS1 (21-47) or
preS1 (48-70) or a mixture of them (Figure 3B), implying that
there might be a conformational epitope in preS1 (34-59)
region. While the antigenicity of preS1 (48-70) could be
almost totally inhibited by preS1 (34-59) (Figure 3C),
suggesting that there was an immunogenic domain in the
part of preS1 (48-59). In addition, the antigenicity of preS1
(86-109) and preS1 (95-119) could be inhibited by each
other (Figure 3D and E), implying that the immunogenic
domain existed in the overlapping part, preS1 (95-109).
Detection of antibodies against overlapping preS1 fragments
in the sera from HBV-infected patients
The activity of antibodies against different preS1 fragments
detected from the sera of patients with different infection
types is shown in Figure 4. The discrimination of HBV
infection types was based on the immunological evidence of
sera and clinical manifestations of cases. The results indicated
that all the fragments showed stronger antigenicity against
acute hepatitis B patient samples and the fragments of preS1
(34-59) also had much stronger antigenicity as in mice. In
addition, the antigenicity of the fragments, preS1 (21-47),
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Figure 3 Identification of the precise immunogenic domains in mice by competitive ELISA. The coated antigens were the five fusion proteins
containing different preS1 fragments: preS1 (21-47) (A), preS1 (34-59) (B), preS1 (48-70) (C), preS1 (86-109) (D) and preS1 (95-119) (E),
respectively. The mouse antisera colleted at wk 9 were previously incubated with the coated antigens or the other overlapping antigen(s) at
a dose of 2 µg, and the samples not treated with antigen(s) were used as controls.

preS1 (48-70), preS1 (86-109), preS1 (95-119), and especially
preS1 (34-59), was significantly lower in chronic-phase sera
(chronic hepatitis B and HCC with hepatitis B samples) than
in acute-phase sera (P<0.05). However, the antigenicity of
the fragments, preS1 (60-85) and preS1 (71-94), in the middle
part of preS1 showed less diversity (P>0.05).
The data of competitive ELISA (Figure 5) likewise
confirmed the specificity of corresponding antib-odies.
It also indicated that the antigenicity of most fragments
could not be chiefly inhibited by the overlapping fragment

A 450

28 normal samples

0.6

37 acute hepatitis B samples

0.5

106 chronic hepatitis B samples

0.4

33 HCC with hepatitis B samples

0.3
0.2
0.1
0.0
21-119 21-471 34-591 48-701 60-852 71-942 86-1091 95-1191

Different coated antigens of overlapping preS1 fusion proteins

Figure 4 Detection of antigenicity (A 450) of the eight different preS1
fragments overlapped in preS1 (21-119) region against hepatitis B
patients’ serum samples with different infection types by indirect
ELISA. 1 The antigenicity of the fragments, preS1 (21-47), preS1 (48-70),
preS1 (86-109), preS1 (95-119), and especially preS1 (34-59),
decreased significantly in chronic-phase sera (chronic hepatitis B
and HCC with hepatitis B samples) in comparison with acute-phase
sera (P<0.05). However, 2 the antigenicity of the fragments, preS1
(60-85) and preS1 (71-94), in the middle part showed less diversity
(P>0.05). Each column represents the mean A value±SE.

(s). With an exception, the antigenicity of preS1 (60-85)
could be most inhibited by preS1 (71-94), but could not
be inhibited by preS1 (48-70). The above results suggested
that all the domains except for preS1 (60-70) had some
immunogenicity.

DISCUSSION
Because the HBsAg preS1 region correlates with the
assembly and infectivity of HBV[31-33], possesses the binding
site on hepatocyte membranes[31], has abundant T-and Bcell epitopes[13] and may overcome the none-response against
common vaccines containing only S region [34,35], the
incorporation of preS1 region into epitope-based vaccines
has been widely accepted[10,36]. While the incorporation site
and size of preS1 sequences are controversial, some previous studies on the immunogenicity of preS1 region mainly
focused on mice and the tested antigens in preS1 region did
not overlap[13,37]. So it may acquire more information about
the immunogenic domains in preS1 region if its immunogenic domains in mice and humans with overlapping preS1
fragments are simultaneously analyzed.
It has been established that small proteins could be
successfully expressed in E.coli by fusing them with GST[38],
with which the fusion proteins could be expressed mostly in
soluble form and purified more easily by a simple affinity
chromatography. In addition, GST did not influence the
specificity of anti-preS1 antibodies[29,39] . Therefore, we
selected the plasmid of pGEX 4T-1 as a vector to express
the different overlapping preS1 fragments in E.coli and gained
the satisfactory results. Then the mice were immunized by
His-preS1 (21-119) fusion proteins expressed previously in
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Figure 5 Identification of the precise immunogenic domains in humans by competitive ELISA. The coated antigens were the seven fusion
proteins containing different preS1 fragments: preS1 (21-47) (A), preS1 (34-59) (B), preS1 (48-70) (C), preS1 (60-85) (D), preS1 (71-94) (E), preS1
(86-109) (F) and preS1 (95-119) (G), respectively. The mixture of sera samples from acute hepatitis B patients was previously incubated with
the coated antigens or the overlapping antigen(s) at a dose of 2 µg, and the samples not treated with antigen(s) were used as controls.

our laboratory[30] and the anti-sera were used to identify the
immunogenic domains of preS1 (21-119) region in mice
by ELISA using these overlapping preS1 fusion proteins.
The antigenicity of these different preS1 fragments against
the sera from different HBV-infected patients was also investigated.
The results of immunogenicity analysis in mice showed
that the immunogenic domains existed in preS1 (21-59) and
preS1 (95-109). It is in agreement with the previous observations, which indicated that the immunogenic domains of preS1
in mice were located in preS1 (16-53) and preS1 (94-117) with
the immunization of HBsAg/p43 particles[13]. A previous study
also found that the immunogenicity of natural and recombinant antigens was identical[40] . However, the results in
humans indicated that other fragments, such as preS1
(71-94), also had strong immunogenicity. It implies that there
are more abundant immunogenic domains in preS1 region
and more complex immune responses to preS1 region in
humans, which might be due to the more complex MHC
gene regulation of human immune responses[41]. Additionally,
the antigenicity of the N-and C-terminal of the sequences

of preS1 (21-119), preS1 (21-47), preS1 (48-70), preS1
(86-109), preS1 (95-119) and especially preS1 (34-59), was
significantly lower in chronic-phase sera than in acute-phase
sera (P<0.05), leading to the speculation that the antibodies
against these fragments, especially preS1 (34-59), are virusneutralizing.
On the other hand, some previous data figured out that
the major epitope of preS1 region in acute-phase sera was
conformational, its specific antibody was virus-precipitating
and the activity was decreased later[37,40-42]. But it has not been
identified. Importantly, the results here clearly showed that
the fragments of preS1 (34-59) were the major immunogenic domains in mice and human immune responses to
preS1 region and its antibody activity was also decreased in
mice at wk 7 after immunization. Therefore, the antibody
could be speculated to be virus-neutralizing, and it might be
efficient to develop a promising vaccine, which incorporates
these fragments into HBsAg-based recombinant vaccines.
The predictions of secondary structure and immunological
properties in the preS1 (21-119) region using Lasegene
software (DNASTAR Inc., Madison, WI) also supported

Hu WG et al. Immunogenic domains in HBsAg preS1 region

the above results. In conclusion, there are a great deal of
turn regions and coil regions, which lack of alpha and beta
regions in preS1 region. The only alpha region is located in
the domain of preS1 (51-58), which may partially explain
the much stronger immunogenicity of preS1 (34-59). In
addition, the N-and C-terminal in preS1 (21-119) region
have a strong hydrophilicity, a high antigenic index and a
high surface probability, which cause the strong immunogenicity, while preS1 (60-70) has a very weak hydrophilicity,
a low antigenic index and low surface probability, which cause
the little immunogenicity.
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concentration at 3 h were lower in combined and
sandostatin groups than in untreated group, but at 6 and
12 h they were lower in all treated groups than in untreated
group and the combined and sandostatin groups and in
emodin group, no difference was found between combined
and sandostatin groups at all time-points (P>0.05). The
pathological scores of pancreas at all time points were
significantly lower in three treated groups than in the
untreated group, and at 6, 12 h, the scores of combined
and sandostatin groups were lower than in emodin group.
There was no difference between combined and sandostatin
groups (P>0.05).
CONCLUSION: Combination of emodin with baicalein has
significant therapeutic effects on SAP rats.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Emodin; Severe acute pancreatitis

Abstract
AIM: To investigate the therapeutic effects of emodin in
combination with baicalein on severe acute pancreatitis
(SAP) rats and to explore the mechanism of SAP.
METHODS: A total of 112 SAP rats induced by retrograde
injection of 5% sodium taurocholate into the biliarypancreatic duct, randomly assigned to a untreated group
and three treated groups emodin group, combined emodin
and baicalein group, and sandostatin group. Meanwhile,
another 28 other rats were selected as sham operation
(SO) group. There were 28 rats in each group, 8 rats
were in 3 and 6 h groups respectively, and 12 rats in 12 h
group. At each time-points, survival rates, ascites volumes,
pathological lesion scores of pancreas tissues, serum
amylase, tumor necrosis factor- and IL-6 levels were
determined as the indexes of therapeutic effects.
RESULTS: The survival rate at 12 h was significantly higher
in three treated groups than in untreated group. The ascites
volume at 12 h was remarkably less in combined and
sandostatin groups than in emodin group, but there was
no difference between combined group and sandostatin
group (P>0.05). Serum amylase levels at all time-points
were significantly lower in three treated groups than in
untreated group. However, they had no difference among
treated groups (P>0.05). Serum TNF- were lower in
three treated groups than in untreated group at all time
points. Among the three treated groups, at 6 h, the TNF-
levels of combination and sandostatin groups were lower
than those of emodin group. These was no difference
between combined and sandostantin. Serum IL-6
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INTRODUCTION
Severe acute pancreatitis (SAP) has high incidence of
complications and high mortality. For many years, treating
SAP has been difficult. Up to now, some drugs for treating
SAP have been used in the clinic, especially sandostatin, an
analog to somatostatin has rather excellent effects on
inhibiting pancreatic excretion and preventing complications.
However, it is too expensive, especially in remote poor areas.
So, it is necessary to find some cheap and high effective
drugs. Emodin is a main active monomer of rhubarb, which is
widely used in traditional Chinese herb as laxative, is a derivative
of anthraquinone (3-methyl-1,6,8-trihydroxyanthraquinone).
Baicalein is a main active monomer in herb Scutellaria
baicalensis (baikal skullcap root), and belongs to glucuronid
category [1,2]. A lot of studies have confirmed [3-5] that
intravenous injection of emodin has some curative effects
on SAP rats. Our previous research on the treatment of
SAP rat using intravenous injection of baicalein showed
that baicalein could attenuate pancreatic pathological lesions
and reduce SAP mortality. From Chinese traditional medicine
view, the effect of complex-prescriptions is better than that
of simple ones. For this reason, we investigated the curative
effect of combined emodin with baicalein on SAP rats and
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explored its mechanism.

MATERIALS AND METHODS
Main drugs and reagents
Sodium taurocholate purchased from Sigma Company was
diluted to 5% solution before application. Emodin from
Beijing Biological Products Clinical Laboratory, baicalein
extracted from Baikal skullcap root by Pharmaceutical
College of Xi’an Jiaotong University, China (purity>98%,
HPLC), were prepared to 0.25% and 1% injection solution,
respectively. The national invention patents have applied
for the formula of Emodin injection solution and Baicalein
injection solution. The patent numbers are 200410016809.
X and 200410016810.2, respectively. Sandostatin was
purchased from Novartis Pharma Company, Switzerland,
and the test kit of amylase was obtained from Nanjing
Jiancheng Bioengineering Institute. The test kits of TNF-
and IL-6 were purchased from Shanghai Shensu Biotech
Company, China.
Experimental rats
Healthy male sanitary SD rats weighing 250-335 g were
supplied by Animal Experimental Center of Shanxi Research
Institute of Chinese Traditional Medicine, Shanxi Province,
China. A total of 112 SAP rats induced by retrograde
injection 5% sodium taurocholate into biliary-pancreatic
duct, were randomly divided into an untreated group and
three treated groups: emodin group combined emodin with
baicalein group, and sandostatin group. Each group contained
28 SAP rats. Meanwhile another 28 rats were selected to
perform exploratory laparotomy as sham operation (SO)
group. The 28 rats in each group were further divided into
three subgroups; postoperative 3 h (8 rats), 6 h (8 rats) and
12 h (12 rats) groups. At the above-correspondent timepoints these rats were killed by cervical decapitation. Blood
and pancreas tissue samples of the killed rats were studied.
Operative procedures and treatment
Before operation, the rats were fasted for 12 h, but allowed

Table 1 The standard of pathological score of pancreas
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to drink water freely. They were anesthetized by 20%
urethane intraperitoneal injection (0.5 mL/100 g) as routine.
A thigh vein cannulation was set up, and through it NS
(sodium chloride) solution was successively supplied at
1 mL/100 g/h speed. After abdomen was opened, according
to the calculation of 4 mg/100 g, 5% sodium taurocholate
was retrograde injected into the biliary-pancreatic duct at
10 mg/min speed to induce the SAP model. Meanwhile,
exploratory laparatomy was performed on the rats in SO
group and their pancreas was gently drawn, then the abdomen
was closed. After that, emodin (0.25 mg/100 g/6 h), baicalein
(2 mg/100 g/6 h) and sandostatin (0.2 g/100 g/6 h) were
transfused into the rats of each correspondent group.
Observatory indexes and measurement methods
To observe the survival of rats at each time-point, the fluid
from the peritoneal cavity was taken using absorbent cotton,
weighed before and after operation, and the difference of
weights (g) was converted to mL. The tissue samples were
fixed in 40 g/L formaldehyde, then sliced and stained with
HE. Under microscopy, the pathological lesion scores were
evaluated by the double blind method, the assay standard
of the scores was acted in methods of Spomam[6] (Table 1).
The level of serum amylase was determined by iodineamylum chromatometry. The serum TNF- and IL-6 levels
were assayed by ABC-ELISA.
Statistical analysis
The results were presented as mean±SD. The 2 test was
used to compare the difference of survival rates. The difference
among various groups was assessed by variance analysis,
and P<0.05 was considered statistically significant.
Computations were performed with SPSS software.

RESULTS
Survival rate
At 3 and 6 h, the rats in all groups were alive. At 12 h, the
survival rates of the rats in SO group and three treated
groups were 100%, and 50% in untreated group. So the
survival rate was significantly higher in treated groups than
in untreated group (P<0.05) (Table 2).
Ascites volume
The ascites volume at 3 h was not different between untreated
group and treated groups (P>0.05). At 6 h, the ascites
volume in sandostatin group was significantly less than that
in untreated group (P<0.05). At 12 h, the volume was
significantly less in three treated groups than in emodin group

Histological changes

Classification

Edema

Lobar diaphragm widen

1

Lobar + interlobular septae widen

2

Lobar + lobulous + interacinar septae widen
1–10 leukocyte / HPF

3
1

11–20 leukocyte / HPF

2

>20 leukocyte / HPF
<2 necrotic cells / per lobule

3
3

3–5 necrotic cells / per lobule

5

Table 2 Survival rate of each group

>5 necrotic cells / per lobule

7

Groups

Necrotic area <5% total area
Necrotic area accout 5–20% total area

3
5

SO

8

8

Necrotic area>20% total area

7

Untreated

8

8

6

<2 focus / per lobule

3

2–4 focus / per lobule
>4 focus / per lobule

5
7

Emodin
Combined

8
8

8
8

12 a
12 a

Sandostatin

8

8

12 a

Infiltration of

Score
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inflammatory cell

Fat necrosis

Parenchymatous necrosis

Hemorrhagic focus

Note: HPF = 400× microscopy.

a

3 h (n = 8)

P<0.05, vs the untreated group.

6 h (n = 8)

12 h (n = 12)
12 a
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(P<0.01), and it was even more significant in the combined
group and sandostatin groups than in untreated group
(P<0.01), but no difference was found between combined
and sandostatin groups (P<0.05). However, the ascites
volume in untreated and treated groups was more than that
in SO group (P<0.001) (Table 3 and Figure 1).

(P<0.001). At 3 h, the IL-6 levels in combined and sandostatin
groups was lower than in untreated group (P<0.01). At 6
and 12 h, the IL-6 levels in three treated groups were lower
than those in untreated group (P<0.01). No difference was
found between combined and sandostatin groups at all timepoints (P>0.05) (Table 6 and Figure 4).

Serum amylase level
The amylase levels at each time-point were lower in SO group
than in all treated groups and untreated group (P<0.001).
There was no difference among three treated groups (P>0.05)
(Table 4 and Figure 2).

Pathological lesions of pancreas
In SO group, there was no significant abnormality in
pancreas at all time-points. Mild interstitial edema and
inflammatory cell infiltration could be seen in some rats.
But in three treated groups and the untreated group, the
pathological lesions progressed gradually. However,
compared with untreated group, they were obviously
attenuated in three treated groups. At 12-h points, the
attenuations were more remarkable.

Serum TNF-levelL
At each time-point, TNF- level was significantly lower in
SO group than in the untreated group and all treated groups
(P<0.001). Among treated groups at 6 h, the TNF- levels
in combined and sandostatin group was markedly lower
than in emodin group (P<0.01), no difference was found
between the combined and sandostantin groups (P>0.05)
(Table 5 and Figure 3).
Serum IL-6 level
At each time-point, IL-6 level was significantly lower in
SO group than in untreated group and all treated groups

Table 3 Ascites volume of each group (mean±SD, mL)
Groups

3 h (n = 8)

6 h (n = 8)

12 h (n = 12)

SO

1.13±0.32

1.15±0.30

1.21±0.32

Untreated

4.51±1.37

7.06±1.91

14.72±2.36

Emodin

4.15±1.32

6.90±1.58

10.54±1.86b

Combined

4.44±1.31

6.29±1.97

8.47±1.23b,d

Sandostatin

4.15±1.04

5.40±1.82a

8.26±1.07b,d

a

P<0.05; bP<0.01 vs untreated group. dP<0.01 vs emodin group.

Table 4 Serum amylase level of each group (mean±SD, U/L)
Groups

3 h (n = 8)

6 h (n = 8)

12 h (n = 12)

SO

1 473.38±363.80

1 425.00±304.85

1 489.50±176.67

Untreated

4 108.50±862.24

5 059.63±326.35

5 668.17±547.07

Emodin

3 406.00±762.16a

4 033.38±481.53b

4 399.75±577.54b

Combined

3 524.38±637.19a

3 941.25±435.76b

4 225.50±435.70b

Sandostatin

3 518.50±636.9a

3 641.00±369.02b

4 255.00±605.2b

Pathological lesion scores for pancreas
The pathological score at each time-point had no marked
difference in SO group, but it was lower in the untreated
group and the three treated groups (P<0.001), and was more
significantly lower in treated groups than in untreated group
at different time-points (P<0.05, P<0.01). There was no
difference between combined and sandostatin groups at 6
and 12 h (P>0.05) (Table 7 and Figure 5).

DISCUSSION
SAP is a life-threatening disease with a high incidence of
complications. Its pathogenesis has not been completely
elucidated, nevertheless, experimental and clinical studies
have demonstrated that a lot of factors were involved in
the local and systemic complications of SAP, such as
systemic inflammatory response syndrome which could lead
to multiple organ failure and pancreatic necrosis, and are
the major cause of deaths. Among them, an intensive
systemic inflammatory response mediated by overproduction

Table 6 Serum IL-6 levels of each group (mean±SD, pg/mL)
Groups
SO

6h

12 h

72.75±13.26

65.13±13.91

69.08±12.89

Untreated

252.00±21.21

304.63±29.60

299.67±18.02

Emodin

236.25±25.06

270.63±20.85b

259.75±18.76b

Combined

217.63±22.62b

236.75±12.09b,d

224.25±22.30b,d

Sandostatin

214.75±24.22b

237.50±21.26b,d

212.00±18.78b,d

b
a

3h

P<0.05; bP<0.01 vs untreated group.

P<0.01 vs untreated group. dP<0.01 vs emodin group.

Table 5 Serum TNF- levels of each group (mean±SD, pg/mL)

Table 7 Pathological lesion score for pancreas of each group
(mean±SD)

Groups

Groups

SO

3 h (n = 8)

6 h (n = 8)

53.12±6.57

60.00±8.61

Untreated

253.25±9.69

353.88±23.67

Emodin

185.13±21.35b
b

Combined

199.38±23.69

Sandostatin

194.50±18.46b

b

12 h (n = 12)
62.92±10.43

306.50±16.83b

3h

6h

12 h

SO

0.50±0.53

0.88±0.64

0.83±0.48

327.50±25.62

Untreated

7.69±0.84

10.57±2.24

13.50±3.90

249.42±29.86b

Emodin

6.31±1.44b

8.75±0.97a

b,d

264.25±40.79b

Combined

6.19±0.96b

6.94±0.73a,d

8.38±1.05b,d

269.50±26.87b,d

232.58±23.35b

Sandostatin

5.69±0.96b

6.06±1.29a,d

8.17±1.64b,d

267.50±21.04

P<0.01 vs untreated group. dP<0.01 vs emodin group.

a

P<0.05; bP<0.01 vs untreated group. dP<0.01 vs emodin group.

10.67±0.86b
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Figure 2 Serum amylase level of each group.

of proinflammatory cytokines and pancreatic autodigestion
by activated trypsin plays a very important role. In addition,
oxidative stress, secondary infection, endotoxemia are also
risk factors. So that, blocking these pathogenetic chains
should be the key measures in the treatment of SAP.
Chinese traditional medicine and herbs are the precious

treasure of our country, “Qingyi decoction” (Pancreas
clearance soup) is an effective traditional prescription in
treatment of SAP and has the advantages of a low price
and a high therapeutic effect. But during the therapeutic
period, patients with SAP always need fasting and
gastrointestinal decompression, so oral administration is
disadvantageous[7-11]. Rhubarb and Baikal skullcap root are
two key herbs in “Qingyi decoction”, and emodin and
baicalein are their main effective components. They can be
taken in the form of an intravenous injection and their
prices are low. Researches have demonstrated that both
emodin and baicalein have a wide, range of pharmacodynamic
effects, the effects are similar and complementary to each
other in many aspects. For example, they could effectively
inhibit inflammatory reaction, depress the activity of pancreatins
or trypsin, antibiosis, antioxidation, scavenging free-radical
and anti-thrombosis. A combination of emodin and baicalein
could better block the pathogenesis of SAP on multiple
levels (the pharmacodynamics of emodin and baicalein is
shown in Table 8). Some studies have confirmed that
intravenous injection of emodin alone can improve the

Table 8 Pharmacodynamic comparation of emodin and baicalein [12-53]
Pharmacological function

Emodin

Baicalein

Antibiosis

Escherichia coli, Dysentery Bacillus. Aureus staphylococcus

G+,G- bacterium, fungi, spirilla

Anti-inflammation

Inhibiting inflammatory cytokine release, restraining vascular

Anti-histamin release. anti-arachidonic acid metabolism,

permeability, inhibiting leukotrienes synthesis

restraining vascular permeability, anti-allergy

Immunoregulation
Inhibiting pancreatin activity

Enhance immunity
Strongly suppressive effect on multiple pancreatins

(-)
Only on trypsogen

Protecting liver

Anti-hepatofibrosis, antagonzism of liver damage by CCL4

Anti-hepatofibrosis,

Protecting kidney

Inhibiting kidney compensative hypertrophy. restraining

(–)

proliferation of kidney fibroblast, preventing and curing
earlier injury of kidney on rats with diabetes
Protecting pancreas

(+)

(–)

Cholagog

(+)

(–)

Diuresis
Antioxidation

(+)
(+)

(+)
(+)

Scavenging free-radicals

(+)

(+)

Anti-thrombosis

(+)

(+)

Circulatory system

Dilative effect on multiple blood vessel, depressing
proliferation of vascular smooth muscle cell

Double effects of vasodilatation and vasoconstriction

Gastrointestinal tract

Double regulation of isolated intestine, anti-gastric

Curative effect on acute and chronic gastroenteritis

ulcer,reducing gastric acid and pepsin, purgate
Anti-endotoxemia
Fever relieving

(+)
(–)

“+”for positive pharmacological action; “–”for negative pharmacological action.

(+)
(+)

PG/mL
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and 24 h after irradiation. In the course of irradiationinduced apoptosis, the value of Bcl-2/Bax was down
regulated; Apo2.7 and caspase-3 protein expression were
prominently increased dose dependently.
CONCLUSION: 32P colloids intra-tumor injection having
prominent anticancer effectiveness may reveal the ability
of promoting cell differentiation. The low dose 32P colloids
may induce human pancreatic carcinoma Pc-3 implanted
tumor cell apoptosis; Apo2.7, caspase-3, Bcl-2 and Bax
protein participated in regulating the process of irradiation
induced cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Chromic-P32 phosphate; Pancreatic carcinoma

Abstract
32

AIM: To study the effects of chromic-P32 phosphate ( P
colloids) interstitial administration in Pc-3 implanted
pancreatic carcinoma, and investigate its anticancer
mechanism.
METHODS: Ninety-eight tumor bearing nude mice were
killed at different time points after the injection of 32 P
colloids to the tumor core with observed radioactivity.
The light microscopy, transmission electron microscopy
(TEM) and immuno-histochemistry and flow cytometry
were used to study the rates of tumor cell necrosis,
proliferating cell nuclear antigen index, the micro vessel
density (MVD). The changes of the biological response to
the lymphatic transported 32P colloids in the inguinal lymph
node (ILN) were dynamically observed, and the percentage
of tumor cell apoptosis, and Apo2.7, caspase-3, Bcl-2, Baxrelated gene expression were observed too.
RESULTS: The half-life of effective medication is 13 d
after injection of 32P colloids to the tumor stroma, in 1-6
groups, the tumor cell necrosis rates were 20%, 45%,
65%, 70%, 95% and 4%, respectively (F = 4.14-105.36,
P<0.01). MVD were 38.5±4.0, 28.0±2.9, 17.0±2.9, 8.8±1.5,
5.7±2.3 and 65.0±5.2 (t = 11.9-26.1, P<0.01), respectively.
Under TEM fairly differentiated Pc-3 cells were found.
Thirty days after medication, tumors were shrunk and
dried with scabs detached, and those in control group
increased in size prominently with plenty of hypodermic
blood vessels. In all animals the ILN were enlarged but in
medicated animals they appeared later and smaller than
those in control group. The extent of irradiative injury in
ILN was positively correlated to the dosage of medication.
Typical tumor cell apoptosis could be found under TEM in
animals with intra-tumoral injection of low dosed 32 P
colloids. The peak of apoptosis occurred in 2.96 MBq group
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INTRODUCTION
High malignant pancreatic carcinoma mostly not diagnosed
until in medium or late stage with the mortality remains
high. Measures in clinical treatment of tumors have greatly
advanced as the development of new preparations in cell
growth inhibition, gene therapy, 125I seeds, sustained release
chemotherapy seeds, etc., but a great deal of problems
remain in the treatment of most solid tumor. The
effectiveness of radioactive nuclide has not been fully
recognized yet among the measures of conservative therapy.
The aim of this study was to observe the biological
distribution of chromic-P32 phosphate (Cr 32PO 4, 32 P
colloids) in tumor and regional lymph nodes, as well as its
anticancer effect and the dose/time-dependent relationship
after intra-tumoral injection of 32P colloids to treat the human
pancreatic carcinoma cell (Pc-3) bearing models, and to
explore its mechanism. Based on this experiment we further
studied the effect of low dose 32P colloids on inducing
apoptosis of transplanted Pc-3 cell in nude mice, and
exploring its possible mechanism.
MATERIALS AND METHODS
Materials
Medicine Medical 32 P colloids were provided by Zhonghe
Gaotong Isotope Co Ltd. Colloid particles 20-50 nm in
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diameter had stable property, specific radioactivity ratio
222-370 MBq/mL, radiochemical purity ≥98%, pH 6.0-8.0,
32
P physical half-life 14.28 d, pure -emitter,  ray mean
energy 0.695 MeV (maximum energy 1.711 MeV), penetrating
distance in soft tissue 3-4 mm on average.
Animal models After culturing and multiplying the human
pancreatic carcinoma cell, Pc-3 2×10 6 cells were planted
into each of the 10 BALB/c-nu/nu nude mice (male, mean
body weight 20 g, 6-wk old, from Experimental Center,
Shanghai Institute of Oncology, as in all of the following
experiments) on the dorsum hypodermically. About 10 d
after implantation, the tumor mass attained the diameter
of 1.0 cm, the animals were killed by cervical dislocation.
Under aseptic condition the tumor mass was dissected and
sliced into pieces of 2.0 mm in diameter, rinsed in RPMI
1640 solution (no bovine serum) then the tumor tissue was
implanted into the right axilla of 93 BALB/c-nu/nu nude
mice subcutaneously. The animals were to be used in experiment
as the tumor grew to 0.8-1.0 cm in diameter after 10 d.
Experiment and grouping Forty-eight tumor bearing nude
mice were randomly allocated into eight groups, six mice in
each group. 32P colloids in 3.7, 7.4, 14.8, 18.5, 29.6 and 0
(cold colloid as control) MBq, in the volume of 0.05-0.1 mL,
were injected respectively to 1st-6th groups, then killed at the
14th d after medication. The 7th and 8 th groups, 14.8 MBq
and placebo were medicated respectively and bred for 30 d
on average (maximum 40 d). Fifty tumor bearing nude mice
were randomly allocated into 10 groups (n = 5). To the
mice in 9th-14th groups 32P colloids of 0.37, 0.74, 1.48, 2.96,
5.92 and 0 MBq, were injected respectively, and then killed
24 h after medication. 32P colloids 1.48 MBq were injected
to animals in 15th-19th group and then killed at 6, 12, 24, 36,
and 48 h after medication respectively. Groups 11 and 17
were the same group. From the resected tumor masses the
percentage of tumor cell apoptosis and necrosis, the changes
in ultra structure and Apo2.7, caspase-3, Bcl-2, Bax-related
gene expression were observed.
Methods
Estimation of the half-life of effectiveness In groups
two and seven, the radioactivity counts on tumor surface
were measured daily by ZC-201 surveying instrument with
probe at fixed spatial geometric position, 6 cm above the
tumor surface for 10 s, mean value of three measurements
taken as the final value. Consecutive measurement was done
for 14 and 28 d respectively (n = 12 before 14 d, n = 6
after 14 d). The effective half-life of intra-tumoral injection
of 32 P was calculated.
Pathological observation In 1st-8th groups, the tumor mass
and bilateral inguinal lymph nodes (ILN) were dissected,
sampled in several sites from each tissue, two pieces of
tumor and normal tissues without necrosis under naked
eye, 1 mL3 in size were taken, fixed in 2% glutaraldehyde,
dehydrated, sliced in super-thin thickness, double stained
with lead-uranium, then observed under TEM H-600.
The remaining tumor or normal tissues were fixed in 10%
formaldehyde immediately, embedded in paraffin then
prepared for light microscopy (Olympus). The morphological
changes of tumor were observed and the rate of tumor cell
necrosis was calculated on 14th d. The whole course changes
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of bilateral groin lymph nodes in nude mice, 32P colloids
transported in the lymphatic ducts and influence on the
changes in ILN were dynamically observed. All of the
paraffin slides were made to undergo microwave retrieval
with tissue antigen, and dyed with SABC method. Estimation
of positive expression of mouse against human proliferating
cell nuclear antigen (PCNA) was done. When brown yellow
colored granules presented in the tumor cell nuclei without
plasma staining, it is defined as positive expression. Method
of PCNA index (PI) calculation: Firstly under low and high
power microscopes suitable visual fields with plenty of
tumor cells were selected, then the cell number under high
power microscope counted. From 5 to 10 high power visual
fields in different tissues the number of positive cells
and their PI were noted. PI = number of PCNA positive
cells/number of tumor cells counted×100%. Cluster of
differentiation 34 (CD34) is the specific surface marker of
endothelial cell in tumor blood vessels. The positive
expression signifies the formation of micro blood vessels.
Methods of counting the micro blood vessel were that each
slide was examined blindly by two expert pathologists, 10
visual fields with micro vessel density (MVD) under low
power (×100) magnification were randomly selected, then
the MVD under high power magnification counted, the mean
value of MVD calculated. Any yellow stained cell or cell
cluster signified as one MVD value.
Estimation of cell apoptosis and necrosis by Annexin
V-FITC/PI double parameters flow cytometry was
prepared A piece of fresh tumor 5-8 mm in diameter was
cut, rinsed with PBS solution, the single cell suspension was
prepared through digestion, grinding and filtration. Annexin
V-FITC 5 L (10 g/mL) and PI 5 L (50 g/mL) were
added to 100 L cell suspension, kept at room temperature
(20-25 ℃), protected from light for 15 min, then assessed
with flow cytometry, the data analyzed by Cellquest software
program. For estimation of protein caspase-3 and Apo2.7,
to each of 100 L single cell suspension 10 L of rabbit
anti-caspase-3 polyclonal antibody and 20 L mouse antiApo2.7 polyclonal antibody were added respectively,
protected from light, reacted 20 min at 4 ℃, rinsed twice
with PBS; diluted with 1 mL PBS; and assessed by flow
cytometry with exciting wave length 488 nm. Corresponding
negative control was prepared. Percentage of positive cells
were acquired and analyzed by Cellquest software program.
Bax, Bcl-2 protein was estimated by immuno-histochemistry.
The positive expression of Bax, Bcl-2 protein was the
presentation of brown granules distributed in the cytoplasm
of Pc-3 cells. Two expert pathologists examined each slide
blindly through randomly counting 200 clear nucleated tumor
cells. The percentage of positive cell in the total cells counted
was calculated, and then the mean value was taken.
Observation under electron microscopy Samples were
taken from several sites of the tumor prepared routinely
by the super thin slides in 0.05 m thickness, under H-600
model transmission electron microscopy (TEM), the changes
in ultra structure of the tumor cell and morphology of the
apoptosis cell were observed.
Estimating the dose absorbed Based on the equation of
absorbed dose in -internal irradiation the absorbed dose
was calculated[1,2]:
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Table 1 Fourteen day-absorbed doses in tumor, tumor weight, tumor cell necrosis rate, MVD, PI and percentage of loosely arranged tumor
cells to remaining tumor cells (n = 6)
Group

Injected dose
(MBq)

Absorbed dose
(Gy)

14 d tumor
weight (g)

Tumor cell necrotic
rate (%)

F

SNK1

MVD2

PI

6

3.7

248.7

2.16±0.15

20

4.14

A

38.5±4.0

70

7

7.4

497.4

1.60±0.12

45

33.57

B

28.0±2.9

65

8

14.8

852.7

1.13±0.10

65

44.62

C

17.0±2.9

45

9

18.5

1 147.8

0.86±0.09

70

54.93

C

8.8±1.5

20

10

29.6

2 023.4

0.30±0.05

95

105.36

D

5.7±2.3

10

11

0

–

2.84±0.17

4

–

E

65.0±5.2

92

1
Variance analysis after conversion of tumor cell necrosis rate to square root in each group compared with 0 MBq group, F = 4.14–105.36, P<0.01, SNK test for cell
necrosis rate: Same letter means no statistical difference of mean values among groups; differed letters mean the statistical difference among groups. 2Comparison
of MVD between medication and control groups, t = 11.9–26.1, P<0.01, all with prominent differences.

D0=1.443 (Σ△i)C0T eff[1-e–(0.693/Teff)t] cGy
(1)
where C 0 means when t=0, the concentration of 
radioactive nuclide in tissue (kBq/g); △i is the coefficient
of the balanced absorbed dose in i type ray for releasing
radioactive nuclide, expressed as g·cGy/kBq·h; △i of 32 P
is 0.04; Teff is the half-life of effectiveness; D0 is the absorbed
dose in tissue at t time expressed as cGy (1 Gy = 100 cGy).
Statistical analysis
Analysis of variance was conducted after the rate of tumor
cell necrosis and apoptosis in different dose group was
converted to its square root, when the differences revealed
statistical significance; Student-Newman-Keuls’ method
(SNK) was employed. The value of MVD is expressed as
mean value plus standard deviation (mean±SD), t -test
between groups was conducted.

RESULTS
Effective half-life and absorbed dosage of 32P colloids in tumor
The effective half-life of 32P colloids 7.4 and 14.8 MBq
groups were 12 and 14 d respectively, 13 d on average,
equal to 312 h (Figure 1). The related data brought to equation
(1), an equation for estimating the absorbed dose of
interstitially injected 32P colloids was obtained.
D = 19.78C0(1-e–0.002t)
(2)
Manifestation in morphology
General presentation Ten days after implantation of tumor
cells, the tumor presented as a prominent solid nodular mass
on the body surface, covered with smooth, light red colored
skin. One week later, in groups 6 and 8 the tumor evidently
increased in size with thinning of the superficial skin in
bright and red color, in some cases ulceration on the covering
skin occurred. In groups 1-5, 2-3 d after 32P colloids
administration, the nude mice showed slightly decreased in
appetite, local swollen and redness appeared on the injection
sites, vanished 24 h later. In about 3-5 d, spotted ulceration
appeared on tumor surface. At beginning tumor growth in
therapeutic groups were comparatively slower than those
in control group, after 7 d, ecchymosis appeared on the
tumor surface, followed by cystic change of the tumor,
rupture and bleeding took place, gradually shrunk and finally
healed with scab. In groups 4, 5 and 7, 10-14 d after
medication, scattered small petechiae appeared on the

dorsum of six nude mice, in group 7 about 20 d later the
petechiae diminished gradually, tumor size decreased then
dried and the scab shed.
Light microscopy and immuno-histochemistry Animals
in groups 1-6 were executed on 14th d, the weight of tumor,
macroscopically average absorbed dosage in tumor tissues,
rate of tumor cell necrosis, value of MVD and PI are shown
in Table 1. The Pc-3 cells of control group 11 were densely
arranged with plenty of blood vessels. In medication groups
there revealed necrosis in different extents, or some loosely
arranged tumor cells remained. In low dose groups there
were remaining actively proliferated tumor cells and
lymphocyte infiltration; and in high dose group, most of
the tumor cells damaged instead by fibrotic connective
tissues. In medicated nude mice their tissues of main viscera
such as liver, lung, spleen, etc., were essentially normal, but
in one case of group 5, epithelial anaphase and pearl
formation occurred.
Results of CD34 and PCNA assay were shown in Figure 2.
In control group CD34 was highly expressed, the tumor
field showed plenty of stained micro-vessels, and polynucleated, deep brown yellow colored PCNA tumor cells;
in medication groups, CD34 expression lowered prominently,
tumor cells loosely arranged with scanty of micro-vessels
stained or micro-vessels were not found. Only a few PCNA
cell had nuclei stained light brown-yellow.
Transmission electron microscopy In control group the
characteristic presentation of actively growing tumor cell
was: large nuclei, poly-nucleoli, scanty cytoplasm, and some
nuclear division might be found. There were few microvilli
on the cell surface, bridging the connection between the
neighboring cells with formation of pseudo-lumen. In
medication groups with differences in absorbed dosages
their presentations were: (1) Large numbers of necrotic
Pc-3 tumor cells, breaking down into debris, a lot of vacuoles
in the cytoplasm, in some cells only the contour of nucleus
remained. Some apoptotic tumor cells could be found
accompanied with shrunken and broken nuclei, bleeding in
interstitium, many neutrocytes infiltrated between the
necrosed cells, many collagen fibers and fibroblasts presented
in the interstitium. (2) The remaining tumor cells showed
swollen mitochondria, distension of endoplasmic reticulum
with many lipid droplets, collagen fiber hyperplasia, bleeding
and inflammatory cell infiltration in the interstitium. (3)
Tumor cells have small nuclei and plenty of cytoplasm in
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(control group), manifested as normal glandular tissue
without abnormalities in lipid tissue and blood vessels; in
groups 1-5 the changes in ILN are positively correlated to
the dosage of medication. Many plasma cells (rich in rough
endoplasmic reticulum) in ILN of groups 1 and 2, showed
chronic lymphadenitis; in groups 1-4, apoptotic cells could
be found in connective tissue and endothelium of lymph
sinus, and lymphocytes loosely distributed in group 5. The
vital and denatured Pc-3 cells were found in ILN of control
and medicated mice respectively.

Time (d)
Figure 1 Effective half-life in
group averaged 13 d.

32

P colloids 7.4 and 14.8 MBq injected

which were presented many mitochondria and free ribosomes,
many microvilli on the cell surface. (4) Some tumor cells
were well-differentiated (Figure 3), some glandular lumenlike structure presented between the cells, many long
microvilli presented on the cell surface. (5) No tumor cells
were found in dry scab of the tumor debris, and in the
muscular tissue around the tumor there were longitudinal
myocomma, neutrocytes in interstitial tissue, and normal
nervous structure.
Influence of 32P colloids on ILN (Figure 4) Twelve days
after medication bilateral superficial ILN were palpable,
while in control group the ILN were palpable 6 d earlier
than those in medication group. The characteristics of
swelling of ILN were control group>medicated mice, low
dose group>high dose group. Under light microscope,
lymphocytes uniformly distributed in ILN of group 6

Low dose irradiation induced apoptosis
Percentages of apoptosis and necrosis of tumor cells
(Tables 2 and 3) In the dose range 0.37-5.92 MBq apoptosis
rate tended to increase with the increase of dose absorbed,
similar tendency occurred in necrotic rate. The apoptosis
rate of the same dose (1.48 MBq) group gradually increased
in the time range 6-24 h along with the prolongation of
time, attained the peak at 24 h without evident plateau, and
then tending to decrease. There were statistically significant
differences in rates of cell apoptosis and necrosis between
each dosage group and the control group. As compared
with group 14, in groups 9-13 the expression of Pc-3 cell
Apo2.7 protein and caspase-3 enhanced prominently, and
increased along the increase of absorbed dose, existed a
dose-response dependent relationship, the correlation
coefficient r are 0.774 and 0.768 (n = 30, P<0.01); Bcl-2/Bax
ratio is evidently lower than that of control group (F = 35.95,
P<0.01).
Transmission electron microscopy Normal Pc-3 cell was
round in shape with large nucleus and several nucleoli, scanty
cytoplasm, chromatin evenly distributed in the cell. The ultra

A

B

C

D

Figure 2 Results of immuno-histochemistry assay of CD34 expression in Pc-3. A: Plenty of stained and densely arranged micro-vessels in
tumor field (arrow); B: After medication the tumor cells loosely arranged in tumor field with scanty of micro-vessels stained or no microvessels (SABC ×400); PCNA expression in Pc-3. C: In control site, tumor cells were densely arranged with poly nuclei stained in deep brown
yellow; D: In each of the dosed sites loosely arranged tumor cells merely with few nuclei stained in light brown yellow color (SABC ×400).
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B

D

Figure 3 TEM shows the changes in Pc-3 tumor cell; A: Tumor cells (arrow) in control group grew vividly with large nuclei and some nucleoli
(12×103 ×1.2); B: Tumor cells (arrow) were damaged, only the contour of nucleus remained (6×103 ); C: A few remaining tumor cells arranged
as a glandular lumen (arrow) with small nucleoli (8×103 ×1.2); D: At low dose point, well differentiated Pc-3 cell with small nucleoli, plenty of
euchromatin, many long micro-villi on cell surface (arrow), glandular lumens interplaced between the cells having the tendency of exocrine
formation (15×103 ×1.2).

structure unchanged, neither apoptosis nor necrosis was
found in Pc-3 cell when the absorbed dose 2.89±0.20 Gy.
Apoptosis cell and some necrotic picture could be found at
absorbed dose 5.78±0.25 Gy (Figure 5). A great number of
Pc-3 cells necrosed when absorbed dose 46.23±4.20 Gy. The
characteristics of apoptosis cells were the volume of cell nucleus
diminished, chromatin densely aggregated at periphery, vacuoles
presented on some cell membrane, encapsulated plasmid and
debris formed apoptosis body, structure of cell membrane

and organelle remained intact. The characteristics of necrosed
cells were condensed, ruptured or lyzed nucleus, prominently
swollen mitochondria, broken cristae or vacuolation, rupture
of cell membrane, and damaged organelle.

DISCUSSION
Anticancer effect of 32P colloids and its mechanism
After interstitial injection of 99Tcm-sulfur colloids, the mechanism

A

B

C

D

Figure 4 Transmission electron microscopy of ILN A: Metastatic Pc-3 cells (arrow) in lymphatic tissue of control group (4×103 ); B: After 32 P
colloids irradiation apoptotic cells (arrow) in the connective tissue and endothelium of lymphatic sinuses (2.5×103 ); C: Denatured tumor cells
(arrow) after medication (5×103 ×1.2); D: ILN under light microscope: lymphatic tissue recovered to normal 4 wk after medication (HE ×400).
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Figure 5 Results of TEM: A: Cell necrosis, breaking into debris (arrow) (10×103); B: Early apoptosis (arrow). Chromatin aggregated at
periphery (10×103×1.2); C: Medium stage of apoptosis (arrow) showing nucleus shrunk and broken (10×103×1.2).

of their transportation in the regional lymphatic system has
been applied to locate the pioneer lymph nodes in breast
cancer[3]. Some authors have reported that phosphous-32
chromic phosphate in conjunction with platinum analog
chemotherapy intraperitoneal injection for treatment of
disseminated ovarian cancer in 30 cases the survival rate at
3 year was 63%[4]. In the recent years, some preliminary
reports on the treatment of refractory malignant solid tumors
or metastatic tumors have been published[5-8].
Radioactive nuclide internal irradiation in treating tumor
has the character of continuity of radiation effective time
and accumulation of response. 32 P in a pure -emitter by
its direct or indirect effects of radioactive ionization destroys
tumor cell membrane and structure of organelle membrane,
leading to cell necrosis or apoptosis, finally inhibiting the
proliferation of tumor cells. It was confirmed that: (1) the
positive correlation of dose-response and time-response
existed in the rates of tumor cell necrosis. Reciprocal
relationship occurred between PI value and absorbed dose
of tumor, suggesting PCNA of Pc-3 cell under the effect
of 32P ray, participating in DNA synthesis, is directly or
indirectly inhibited, thereby the DNA synthesis and cell
proliferation suppressed. (2) In low dosage group, the
morphological characters of highly differentiated pancreatic
carcinoma were observed. This is the phenomenon similar
to 32 P glass micro sphere interventional treatment of liver
cancer[9] Further improved that irradiation in suitable dosage
has the effect of inducing differentiation on tumor cells.
(3) Neogenesis of blood vessel in tumor is one of the
important premises in growth, infiltration and metastasis of

malignant tumor. Quantitative analysis of CD34 expression
in Pc-3 tumor tissue revealed MVD in treating groups was
prominently lower than that of control group, and existed
dose-response relationship with the absorbed dose, this
suggests 32P colloids may inhibit the angiopoiesis of tumor
by blocking the blood vessels in the lesions and their
surroundings thus suppressing growth of Pc-3 cell and
blood-borne metastasis, leading to death of tumor cells.
Lymphatic metastasis is the main manner of early metastasis
in most malignant tumors. 32P colloids intratumoral injection
is superior to other radionuclide preparations such as seeds[10]
and microsphere[11-13], with the advantage of treating solid
tumor as well as the early lymphatic metastasis at the same
time. This study confirmed that: (1) In early implanted
tumor, even with intact capsule, lymphatic metastasis already
occurred. After the effect of 32P irradiation on ILN the
tumor cells denatured and died. This explained the transport
route of colloids in local lymphatic system after interstitial
medication was basically similar to the dispersion route of
primary tumor by the lymphatic ducts. (2) In medicated
mice, the occurrence of ILN swelling was later in time and
smaller in size than that in control; the extent of ILN swelling
in medicated mice was reciprocally related to the dosage.
This showed 32P had certain abilities of inhibiting the progress
of lymphatic metastasis and exerting pursuing effects on occult
metastatic foci in lymphatic drainage area of neighboring
tumor. (3) The degree of irradiative injury to ILN became
more severe with the increasing of 32P colloids activity
injected to the tumor, after 4 wk the tissues repaired to
normal. This explained the positive correlation between 32P

Table 2 Absorbed dose, rates of Pc-3 cell apoptosis and necrosis, percentages of Apo2.7 and caspase-3 positive expression (%) and Bcl-2/Bax
value in different activity groups
Group
(n = 5)

Radioactivity
(MBq)

Tumor absorbed
dose (Gy)

Pc-3 cell apoptosis
rate (%)

SNK

14
9

0
0.37

0.00±0.00
2.89±0.20

0.67±0.15
10.09±1.84

A
B

10

0.74

5.78±0.25

17.36±4.33

11

1.48

11.56±1.29

21.85±3.04

12
13

2.96
5.92

23.12±3.12
46.23±4.20

33.67±3.69
27.76±4.09

Pc-3 cell necrosis
rate (%)

SNK

Apo2.7
positive (%)

Caspase-3
positive (%)

Bcl-2/Bax

4.9±1.8
8.3±2.4

7.69±1.5
10.43±2.6

2.07±0.85
1.64±0.62

1.8±0.5
2.2±0.6

A
B

C

6.0±1.1

B

13.6±2.3

13.46±2.9

1.02±0.52

D

11.7±0.5

C

15.0±3.2

14.92±4.1

0.81±0.32

E
F

13.1±1.0
23.4±2.6

D
D

16.3±3.1
27.3±4.9

18.68±4.6
25.57±5.3

0.37±0.12
0.07±0.03

Variance analysis after conversion of tumor cell apoptosis and necrosis rate to square root: cell apoptosis rate, F = 178.12, P<0.001, statistical difference between
groups; Cell necrosis rate, F = 249.27, P<0.001, statistical difference between groups, if the variance analysis of the mean Pc-3 apoptosis and necrosis rate showed
statistical differences, Student–Newman–Keuls’ method was employed.
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Table 3 Rates of absorbed dose and Pc-3 apoptosis on same dosage (1.48 MBq) but between different time groups
Group (n = 3)

Time (h)

15
16
17
18
19

6
12
24
36
48

Tumor absorbed
dose (Gy)

Pc-3 apoptosis
rate1 (%)

7.25±2.58
13.73±2.43
24.82±5.14
46.06±8.55
47.43±11.60

10.00±3.02
17.93±2.24
33.85±4.54
27.85±3.04
18.41±5.40

SNK
A
B
C
D
E

1
Variance analysis after conversion of tumor cell apoptosis rate to square root:
F = 87.76, P<0.001 statistical difference between groups.

colloids in ILN and the injected activity in tumor; irradiated
injury to ILN was reversible after interstitial medication to
tumor. (4) After the tumor mass received different irradiation
doses, the picture of cell apoptosis was found in the sinus
of ILN, suggesting irradiation at low dose had the effect
of inducing apoptosis in actively proliferating cells. 32P
colloids exerted influence on the morphology of ILN suggesting
this therapeutical measure not only affects the primary tumor
lesion but also prevention and treatment of tumor with
occult lymphatic metastasis.
Gene regulating mechanism of low dose irradiation induced
apoptosis
The conception of ionized irradiation in inducing cell apoptosis
received increasingly great concern. We have studied the
gene regulating mechanism of low dose interstitial injection
of 32P colloids in inducing apoptosis of implanted human
pancreatic carcinoma Pc-3 cells in nude mice. The experience
confirmed: (1) After  ray 3-50 Gy internal irradiation for
6-48 h, apoptotic cells were found in Pc-3 cells, indicating
these tumor cells are irradiation susceptible cells, sensitive to
low dose irradiation. Based on the differences of sensitivity
of tumor and normal tissues in inducing apoptosis, we might
selectively induce cell apoptosis with low dose irradiation,
eliminating the tumor cells, at the same time protecting
normal cells[14], minimizing the adverse injury in internal
irradiation therapy. (2) When the absorbed dose was at
2.89±0.20 to 23.12±3.12 Gy, the increase of percentage
in cell apoptosis was parallel to the increase of dosage, this
conclusion coincides with in vitro or other experiments[15]. As
the absorbed dose increased continuously to 46.23±4.20 Gy,
the apoptosis rate was prominently lower than that of low
dosage group, there was clearly dose-response relationship
between them, and the cell necrosis rate was positively
correlated to the absorbed dose. The changes of apoptosis
and necrosis are related to the intensity of injury and the
continuity of stimuli, suggesting the onset of apoptosis and
necrosis and their regulating mechanism are related to the
time and intensity thresholds of the external injury. (3) The
irradiation induced cell apoptosis was related to regulation
of several genes, in which the closely related genes are p53,
Bcl-2 and Bax, etc. Gene Bcl-2 is a kind of apoptosis inhibiting
gene, gene Bax is a kind of apoptosis promoting gene,
introduction of Bax gene may accelerate cell apoptosis, and
mutation of gene Bax may inhibit apoptosis. Gene Bcl-2/
Bax gave important effects on regulating cell apoptosis.
Generally the ratio of Bcl-2/Bax decides whether the cell
is apoptosis or not[16]. The results of this experiment showed
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that in the process of  radiation induced apoptosis of Pc3 cells, genes Bcl-2 and Bax participated in regulation,
prominently down regulation of Bcl-2/Bax ratio. This injury
of DNA molecule resulted from ionized irradiation, activated
p53 exerted transcription effect to activate Bax gene, and
elevate Bax mRNA and protein expression, forming Bax
homologous dimerism polymer. The ratio of Bcl-2/Bax
lowered, cell apoptosis was induced. (4) Recent study
discovered that mitochondria event was the key event in
cell apoptosis; the most important process was the activation
of caspase proteinase family. Caspase-3 is the most important
responsive caspase in the family, responsible for the cleavage
of all or part of the proteinase in the process of cell apoptosis,
after activation of caspase cells will irreversibly progress to
apoptosis[17,18]. In this experiment we found that caspase-3
protein expression was prominently increased after the action
of 32 P colloids; it confirmed the mechanism of initiating
apoptosis by the action of 32P colloids. (5) Apo2.7 protein is
a new quantitative marker of cell apoptosis, reacting with
the membranous protein of 38 ku mitochondria, and denoting
in early stage of cell apoptosis related to molecular cascade
of cell apoptosis[19] . From the results of this experiment,
Apo2.7 protein expression was evidently enhanced, and
showed dose-response relation with the absorbed dose. (6)
Cell apoptosis is a very complicated biological process
involving multiple regulating genes and signal transmitting
paths. Different dose of irradiation induced cell apoptosis
underwent different mechanisms, but the same dose of
irradiation might have several pathways to arouse apoptosis.
In this experiment it was found that at a particular time point
(24 h), following the increase of absorbed dose in tumor,
the expression of apoptosis related gene was up-regulated
(caspase-3, Apo2.7) or down-regulated (Bcl-2/Bax), the rate
of apoptosis did not raise when the absorbed dose increased,
but decreased in the high dose group. It is possible other
than the above mentioned regulating genes, some unknown
apoptosis regulating genes participated in this process, which
needs to be further studied.
Absorbed dose in tumor and toxic side effects
Biological distribution of 32P colloids greatly influenced
absorbed dose in tumor and the toxic side effects. This
study[20] confirmed that: radioactive nuclides after interstitial
injection of 32P colloids, are mainly condensed in the tumor
mass with prolonged duration, and the amount distributed
in the organs other than tumor was very less. This study
confirmed that the effective half-life of 32P colloids in tumor
is nearly the same to its physical half-life. The characteristic
curve of radioactivity counting rate on tumor surface
manifested as: within 4 d after injection the radioactivity
decreased exponentially, then 2 d later raised again, presented
as a small peak in the curve, followed by a tendency of
continuously gradual decline. After interstitial medication of
32
P colloids, they were engulfed and transported by phagocytes
through the lymphatic circulation to the drained lymph nodes
or micro-vessels, and finally attained by the tumor tissue rich
in blood supply, the circulation was repeated continuously,
the total body radioactivity decreased concomitantly with
elapse of time and excretion, the radioactivity decreased
rapidly in normal tissues and organs, while in the tumor
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mass the ratio of its radioactivity to the total activity of whole
body was continuously elevated. Therefore T/N ratio was
high, signifying the irradiative dose was highly acquired by
the tumor, scarcely distributed to other parts of the body.
In this experiment we found that under the condition of
high dose ionized irradiation, coagulative necrosis happened
in Pc-3 cells with fair tumor inhibition response, but scattered
small petechiae presented on the dorsum of six experimental
nude mice and some mice getting emaciated distinctly.
Morphological examination revealed fibrotic changes in lung,
anaplasia in the epiderma covering the tumor. As the
absorbed dose was ≤853 Gy, it attained ideal anti-cancer
effectiveness, no general toxic side effects were found in
the experimental animals. Therefore it is important to choose
the suitable dose of interstitial medication, so as to attain
the maximum effect on tumor cells and minimize irradiative
injury to other tissues and organs as far as possible.
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Abstract
AIM: To examine expression profile of gallbladder using
microarray and to investigate the role of gallbladder in
lipid homeostasis.
METHODS: 33P-labelled cDNA derived from total RNA of
gallbladder tissue was hybridized to a cDNA array
representing 17 000 cDNA clusters. Genes with intensities
≥2 and variation <0.33 between two samples were
considered as positive signals with subtraction of
background chosen from an area where no cDNA was
spotted. The average gray level of two gallbladders was
adopted to analyze its bioinformatics. Identified target
genes were confirmed by touch-down polymerase chain
reaction and sequencing.
RESULTS: A total of 11 047 genes expressed in normal
gallbladder, which was more than that predicted by
another author, and the first 10 genes highly expressed
(high gray level in hybridization image), e.g., ARPC5
(2 225.88±90.46), LOC55972 (2 220.32±446.51) and
SLC20A2 (1 865.21±98.02), were related to the function
of smooth muscle contraction and material transport.
Meanwhile, 149 lipid-related genes were expressed in the
gallbladder, 89 of which were first identified (with gray
level in hybridization image), e.g., FASN (11.42±2.62),
APOD (92.61±8.90) and CYP21A2 (246.11±42.36), and
they were involved in each step of lipid metabolism
pathway. In addition, 19 of those 149 genes were gallstone
candidate susceptibility genes (with gray level in hybridization
image), e.g., HMGCR (10.98±0.31), NPC1 (34.88±12.12)
and NR1H4 (16.8±0.65), which were previously thought
to be expressed in the liver and/or intestine tissue only.
CONCLUSION: Gallbladder expresses 11 047 genes and
takes part in lipid homeostasis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Cholesterol cholelithiasis is an extremely common,
economically significant digestive disease that affects some
10-15% of the global population[1]. Gallstone is also the
main cause of gallbladder carcinoma, biliary pancreatitis
and iatrogenic lesions of the biliary tract. It has been
reported that the USA spends 8-10 billion dollars on gallstone
disease annually[2]. It was suggested from the data in the
late 1980s that about 5.6% of the population in China was
affected with gallstones[3], and the incidence may be increased
in recent years. The patients with gallstone-related diseases
hospitalized in the surgical department of our hospital
accounted for 47% in 2001. Clearly, it is an important disease
that deserves more attention.
Cholesterol saturated bile secreted by the liver is the
prerequisite of gallstone formation, so liver is the place of
lipid metabolism and becomes the focus of study.
However, gallbladder is the place of stone formation and
its relationship with lipid metabolism has been seldom
investigated. Furthermore, the molecular mechanisms of
gallstone formation in gallbladder-related with lipid
metabolism are far from clear. Only about 40 genes
(including gallstone susceptible gene loci) have been
identified presently, and most of the previous studies were
based on the changes in a single gene. Obviously, a total
list of genes expressed in the gallbladder should be
identified. The relatively new advent of cDNA array
technology has provided a powerful method for largescale expression profiling[4], and has led to the elucidation
of a number of regulatory pathways involved in complex
biological processes especially in tumor-related areas[5]. In
this study, we used a powerful tool to examine expression
profile of gallbladder and to investigate the role of
gallbladder in lipid homeostasis. This would build a basis
for understanding the physiological function of gallbladder,
especially the mechanism of gallstone formation.
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Figure 1 Half of an array hybridization image from a normal
gallbladder sample.

MATERIALS AND METHODS
cDNA array construction
cDNA clones were derived from liver and hepatocarcinoma
cell lines, isolated from hypothalamus-pituitary-adrenal
libraries[6] or purchased from Research Genetics (Huntsville,
AL, USA). The assembled cDNA array contained 17 000 cDNA
clones (representing the same number of independent cDNA
clusters), of which 7 565 clusters were homologous to
those found in the UniGene Database. All cDNA fragments
were amplified and verified by electrophoresis. The average
length of the cDNA fragments was -1 kb. PCR products were
precipitated in isopropanol, redissolved in 10 L of denaturing
buffer (1.5 mol/L NaCl, 0.5 mol/L NaOH), and spotted
on two 8×12-cm Hybond-N nylon membranes (Amersham
Pharmacia, Buckinghamshire, UK) with an arrayer
(BioRobotics, Cambridge, UK). Each spot carried -100 nL in
volume and was 0.4 mm in diameter each cDNA fragment
was placed in two different spots (double-offset). Lambda phage
and pUC18 vector DNAs were spotted as negative controls.
Hybridization intramembrane control
Eight housekeeping genes were used as hybridization
intramembrane controls (HIC): ribosomal protein S9 (RPS9),
-actin (ACTB), glyceraldehyde-3-phosphate dehydrogenase,
hypoxanthine phosphoribosyltransferase 1, M r 23 000
highly basic protein (RPL13A), ubiquitin C, phospholipase
A2, and ubiquitin thiolesterase (UCHL1). These were evenly
distributed in 12 places each per 8×12-cm array. Hybridization
data was considered invalid if among the 12 spots representing
the same gene, the intensity of the darkest spot exceeded
1.5-fold that of the weakest spot.
Clinical samples
Normal gallbladders were removed within 4 h postmortem
from two adult males (aged 25 and 20 years, respectively)
who died in traffic accidents. The Institute of Biomedical
Science, Shanghai Second Medical University, approved the
study, and all samples were obtained with informed consent.
Tissues were frozen in liquid nitrogen immediately after
separation, and kept frozen until used.
RNA extraction and probe preparation
Total RNA was extracted using a standard TRIzol RNA

Figure 2 Scatterplot of two independent cDNA array analyses of
the same sample. Each point stands for a gene or cDNA cluster, with
the X coordinate representing the gene expression level in one test
and the Y representing the value of the other test. An R2 of 0.97
indicates high reproducibility of the cDNA array assay.

isolation protocol (Life Technologies, Inc., Grand Island,
NY, USA). Poly (A)+ mRNA was then isolated from total
RNA using a poly (dT) resin (Qiagen, Hilden, Germany).
Approximately 1-2 µg of mRNA was labeled in a reverse
transcription reaction in the presence of 200 µCi [-33 P]
deoxyadenosine 5’-triphosphate (DuPont NEN, Boston,
MA, USA) using Moloney murine leukemia virus reverse
transcriptase as per the manufacturer’s instructions (Promega
Corp., Madison, WI, USA).
Hybridization and image processing
Prehybridization was carried out in 20 mL of prehybridization
solution (6× SSC, 0.5% SDS, 5× Denhardt’s, and 100 µg/mL
denatured salmon sperm DNA) at 68 ℃ for 3 h. Overnight
hybridization with the 33P-labeled cDNA in 6 mL of
hybridization solution (6× SSC, 0.5% SDS, and 100 µg/mL
salmon sperm DNA) was followed by stringent washing
(0.1× SSC and 0.5% SDS at 65 ℃ for 1 h). Membranes
were exposed to phosphor screens overnight and scanned
using an FLA-3000A Plate/Fluorescent Image Analyzer (Fuji
Photo Film, Tokyo, Japan). The radioactive intensity of
each spot was linearly digitalized to 65 536 gray-grade in a
pixel size of 50 µm in an Image Reader, and recorded with
Array Gauge software (Fuji).
Data collection and analysis
After subtraction of background values (3±3) measured in
an area where no cDNA was spotted, genes with intensities
≥2 were considered positive signals; this ensured that
positives were distinguished from the background with a
statistical confidence of >99.9%. Normalization among
arrays was based on the sum of background-subtracted
signals from all genes on the membrane[7] . The average
hybridization intensities of two gallbladders were adopted
to analyze the bioinformatics.
Touchdown reverse transcription polymerase chain reaction
For most of the genes, mRNA levels in the gallbladder
samples were too low to be detected by standard dot blot
and hybridization in situ, or even by conventional PCR, we
used touch-down PCR to confirm the array hybridization
results. All PCR products were verified by sequencing to
avoid false positives.
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Table 1 The top 10 highly expressed genes in normal gallbladder tissue
Name of gene

Symbol

Breakpoint cluster region protein, uterine leiomyoma, 2
Actin-related protein 2/3 complex, subunit 5 (16 ku)
Eukaryotic translation initiation factor 4A, isoform 1
Mitochondrial carrier family protein
Solute carrier family 20 (phosphate transporter), member 2
Cytochrome b5 reductase 1 (B5R.1)
ADP-ribosylation factor 1
FERM, RhoGEF (ARHGEF) and pleckstrin domain protein 1 (chondrocyte-derived)
Proteasome (prosome, macropain) activator subunit 2 (PA28 beta)
cAMP responsive element binding protein-like 1

BCRP2
ARPC5
EIF4A1
LOC55972
SLC20A2
LOC51706
ARF1
FARP1
PSME2
CREBL1

RESULTS
Establishment of cDNA array system
Human cDNA clones randomly picked from cDNA libraries
were terminally sequenced and compared with the Unigene
database prior to their use in creating a cDNA array representing
17 000 genes or cDNA clusters (Figure 1). The reproducibility
of the cDNA array analysis was evaluated in multiple
replicated tests in which cDNA probes independently
generated from the same mRNA sample were hybridized
to different replicates of the cDNA arrays. The results from
these experiments were almost perfectly concordant with a
scatterplot R 2 (the square of the Pearson correlation coefficient, which measures similarity in gene expression
patterns) of 0.97-0.98 (Figure 2). Of the 17 000 genes,
only 0.2% showed >two-fold differences in their expression
levels across different measurements. This showed that the
cDNA array system was highly reproducible.
Gene list expressed in the gallbladder
In our work, a catalog of genes expressed in the human
gallbladder was identified by cDNA array hybridization. The
radio-intensities of corresponding spots on two parallel
arrays were averaged. If the value was >2 and the variation
<0.33 between the two samples, the signal was considered

A

B

Gray level (mean±SD)
2 738.74±23.23
2 225.88±90.46
2 223.86±274.74
2 220.32±446.51
1 865.21±98.02
1 851.01±298.45
1 844.63±353.31
1 654.95±126.85
1 635.33±148.15
1 579.36±71.68

efficient. Of the 17 000 genes tested, a total of 11 047 genes
were expressed in human normal gallbladder tissue, which
is more than the number of 3 754 predicted by Lewis[8].
Top 10 genes expressed in the gallbladder
The 10 most highly expressed genes are listed in Table 1,
and the top 3 breakpoint cluster region protein, uterine
leiomyoma, 2; actin-related protein 2/3 complex, subunit 5
(16 ku) and eukaryotic translation initiation factor 4A,
isoform 1, respectively.
Lipid metabolism-related genes and gallstone candidate genes
in gallbladder
Totally 149 lipid metabolism-related genes were expressed
in the gallbladder (Table 2). Eighty-three of them were
identified for the first time in gallbladder (results after
searching Unigene and Pubmed). Lammert et al have listed
45 possible gallstone candidate genes based on previous
knowledge, 24 of which were assembled in our array, and
19 of these 24 genes were lipid-related genes and expressed
in the gallbladder. We selected four lipid-related genes
randomly, and by touchdown reverse transcription polymerase
chain reaction (RT-PCR) and sequencing, confirmed the
results in cDNA array (Figure 3).

C

E

D

F
Sequence Name: B6890-C27-10.CYP27-2

230

240

250

Sequence Name: B6890-CM-2-CMOAT-2
300

310

Figure 3 RT-PCR and sequencing confirmation of genes that were expressed in the gallbladder. RT-PCR electrophoresis result: A: CYP27A1
(320 bp); B: NR1H4(352 bp); C: CMOAT(353 bp); D: AKR1C3(240 bp). Sequencing result of PCR product: E: CYP27A1; F: CMOAT.

2112

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

April 14, 2005

Volume 11

Number 14

Table 2 Lipid-related genes expressed in normal gallbladder
GenBank ID

Gene name

Symbol
2

Reported or not
3

Gray level (mean±SD)

NM_000859

3-Hydroxy-3-methylglutaryl-Coenzyme A reductase

HMGCR

U66669

3-hydroxyisobutyryl-Coenzyme A hydrolase

HIBCH

11.17±0.09

U29344

Fatty acid synthase

FASN

11.42±2.62

AA460901

ATPase, aminophospholipid transporter-like, Class I, type 8A, member 2

ATP8A2

BE730527

Lipase protein

LOC57406

AL043165

Homolog of mouse transient receptor potential-phospholipase

LTRPC7

11.59±0.69

P

10.98±0.31

11.53±1.08
P3

11.58±0.85

C-interacting kinase CHaK; hypothetical protein FLJ20117
U22662

Nuclear receptor subfamily 1, group H, member 32

NR1H3

11.77±0.85

M14564

Cytochrome P450, subfamily XVII (steroid 17-alpha-hydroxylase),

CYP17

12.06±1.35

adrenal hyperplasia
M93107

3-Hydroxybutyrate dehydrogenase (heart, mitochondria)

BDH

P3

12.10±2.22

NM_019844

Solute carrier family 21 (organic anion transporter), member 82

SLC21A8

P3

12.14±0.77

AK000184

Acid sphingomyelinase-like phosphodiesterase

ASM3A

±X04506

±Apolipoprotein B (including Ag(x) antigen)

APOB

U1

12.23±1.17

X87176

Hydroxysteroid (17-beta) dehydrogenase 4

HSD17B4

U1

12.25±0.57

AF095703

L-3-hydroxyacyl-Coenzyme A dehydrogenase, short chain

HADHSC

AW022180

ESTs, weakly similar to S14747 sphingomyelin phosphodiesterase [H. sapiens]

U32576

Apolipoprotein C-IV

AI133376

Human DNA sequence from clone RP11-16L21 on chromosome 9. Contains

12.22±0.65

12.37±1.66
12.39±2.40

APOC4

U1

12.58±0.28
12.75±1.64

the gene for NADP-dependent leukotriene B4 12-hydroxydehydrogenase,
the gene for a novel DnaJ domain protein similar to Drosophila, C. elegans
and Arabidopsis predicted proteins, the GNG10
AV658073

Homolog of mouse transient receptor potential-phospholipase C-interacting

LTRPC7

12.83±1.45

kinase CHaK; hypothetical protein FLJ20117
X03635

Estrogen receptor 1

ESR1

AF165514

Hydroxysteroid (17-beta) dehydrogenase 7

HSD17B7

12.83±0.34

NM_018557

Low density lipoprotein-related protein 1B (deleted in tumors)

LRP1B

U22526

Lanosterol synthase (2,3-oxidosqualene-lanosterol cyclase)

LSS

X83618

3-Hydroxy-3-methylglutaryl-Coenzyme A synthase 2 (mitochondrial)

HMGCS2

P3

13.34±0.03

D14662

Anti-oxidant protein 2 (non-selenium glutathione peroxidase, acidic

KIAA0106

U1

13.40±0.78

P3

13.53±2.31

P3

12.99±0.56
13.06±0.29
13.14±0.70

calcium-independent phospholipase A2)
M62839

Apolipoprotein H (beta-2-glycoprotein I)

APOH

Z99716

Sterol regulatory element binding transcription factor 22

SREBF2

13.49±0.20

AF126799

Fatty acid desaturase 2

FADS2

AV662152

EST, moderately similar to LPHUC1 apolipoprotein C-I precursor [H. sapiens]

M37238

Phospholipase C, gamma 2 (phosphatidylinositol-specific)

AF129756

Apolipoprotein M G3A

AW873435

Lipase A, lysosomal acid, cholesterol esterase (Wolman’s disease)

LIPA

U09117

Phospholipase C, delta 1

PLCD1

AC007954

Glutathione transferase zeta 1 (maleylacetoacetate isomerase)

GSTZ1

AA706930

Fatty acid binding protein 1, liver

FABP1

AB011153

Phosphoinositide-specific phospholipase C-beta 1

PLCB1

14.65±2.22

AF038440

Phospholipase D2

PLD2

14.66±5.01

N42553

Homolog of mouse transient receptor potential-phospholipase C-interacting

LTRPC7

14.68±2.50

13.62±2.16
13.63±1.57

PLCG2

P3

13.79±2.16
13.90±0.29
13.98±1.71

P3

14.06±0.58

U1

14.19±0.25

14.13±0.76

kinase CHaK; hypothetical protein FLJ20117
AL110209

LCAT-like lysophospholipase

LLPL

14.88±2.24

X13916

Low density lipoprotein-related protein 1 (alpha-2-macroglobulin receptor) 2

LRP1

14.91±1.56

AI955289

ESTs, weakly similar to DXHUBH 11beta-hydroxysteroid dehydrogenase [H.sapiens]

AF077046

Ganglioside expression factor 2

GEF-2

14.96±1.66

Z34975

Low density lipoprotein receptor defect C complementing

LDLC

15.18±2.11

BE271295

Group XII secreted phospholipase A2

PLA2G12

15.64±1.27

U49248

ATP-binding cassette, sub-family C (CFTR/MRP), member 22

ABCC2

N78156

Homolog of yeast long chain polyunsaturated fatty acid elongation enzyme 2

HELO1

AB016247

Sterol-C5-desaturase (fungal ERG3, delta-5-desaturase)-like

SC5DL

NM_000954

Prostaglandin D2 synthase (21 ku, brain)

PTGDS

16.19±3.18

U60205

Sterol-C4-methyl oxidase-like

SC4MOL

16.22±1.29

AA557324

ESTs, weakly similar to fatty acid omega-hydroxylase [H.sapiens]

X66435

3-Hydroxy-3-methylglutaryl-Coenzyme A synthase 1 (soluble)

AL117352

Human DNA sequence from clone RP5-876B10 on chromosome 1q42.12-43.

15.11±1.98

U1

15.78±0.45

P3

16.09±3.33

15.95±5.40

16.31±2.98
HMGCS1

P3

16.46±2.32
16.74±0.16

Contains the 3' end of the GNPAT gene for glyceronephosphate O-acyltransferase
(DHAPAT, DAPAT, dihydroxyacetone phosphate acyltransferase, EC 2.3.1.42),
the gene for a novel protein (ortho)
BE737965

Caveolin 1, caveolae protein, 22 ku2

CAV1

16.74±2.50
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U68233

Nuclear receptor subfamily 1, group H, member 4**

NR1H4

AF035284

Fatty acid desaturase 1

FADS1

U1

16.82±0.92

16.80±0.65

X04898

Apolipoprotein A-II

APOA2

U1

16.96±2.01

AL031295

Lysophospholipase II

LYPLA2

P3

17.01±0.19

AL031295

3-Hydroxymethyl-3-methylglutaryl-Coenzyme A lyase

HMGCL

17.01±0.19
17.41±2.04

(hydroxymethylglutaricaciduria)
M55150

Fumarylacetoacetate hydrolase (fumarylacetoacetase)

FAH

M31210

Endothelial differentiation, sphingolipid G-protein-coupled receptor, 1

EDG1

17.56±0.62

BE395256

Lanosterol synthase (2,3-oxidosqualene-lanosterol cyclase)

LSS

17.63±1.71

NM_000483

Apolipoprotein C-II

APOC2

L76465

Hydroxyprostaglandin dehydrogenase 15-(NAD)

HPGD

S68287

Aldo-keto reductase family 1, member C4 (chlordecone reductase; 3-alpha

M54927

Proteolipid protein 1 (Pelizaeus-Merzbacher disease, spastic paraplegia 2,

U1

17.71±1.70

AKR1C4

P3

18.11±2.89

PLP1

P3

18.21±1.67

17.86±0.79

hydroxysteroid dehydrogenase, type I; dihydrodiol dehydrogenase 4)
uncomplicated)
BE714757

Lipase A, lysosomal acid, cholesterol esterase (Wolman’s disease)

LIPA

AJ238243

Phospholipase A2-activating protein

PLAA

18.26±2.02
18.73±3.07

AF077820

Low density lipoprotein receptor-related protein 5

LRP5

18.98±2.79

AL031778

Apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like 2

APOBEC2

P3

19.21±3.45

AC004770

Fatty acid desaturase 1

FADS1

U1

19.22±9.65

AC004770

Fatty acid desaturase 3

FADS3

AA280051

Fatty acid binding protein 1, liver

FABP1

U1

19.81±3.80

X67698

Niemann–Pick disease, type C2 gene

NPC2

AL049748

Apolipoprotein L, 5

APOL5

20.61±0.01

X51416

Estrogen-related receptor alpha

ESRRA

20.63±1.82

AF065215

Phospholipase A2, group IVB (cytosolic)

PLA2G4B

P3

20.71±3.25

AB006746

Phospholipid scramblase 1

PLSCR1

U1

21.33±0.62

M59979

Prostaglandin-endoperoxide synthase 1 (prostaglandin G/H synthase

PTGS1

P3

21.55±0.74

19.22±9.65
20.53±1.84

and cyclooxygenase)
X02162

Apolipoprotein A-I

APOA1

U1

21.70±0.75

AF079167

Oxidised low density lipoprotein (lectin-like) receptor 1

OLR1

P3

22.12±7.75

U55764

Sulfotransferase, estrogen-preferring

STE

22.15±2.72

J03459

Leukotriene A4 hydrolase

LTA4H

22.32±4.28

U03090

Phospholipase A2, group V

PLA2G5

P3

22.88±2.74

M76665

Hydroxysteroid (11-beta) dehydrogenase 1

HSD11B1

P3

22.98±3.71

NM_016108

Androgen induced protein

AIG-1

P3

23.02±3.33

AV651650

ESTs, highly similar to AF237982 1 oxysterol 7 alpha-hydroxylase [H.sapiens]

U11313

Sterol carrier protein 22

SCP2

U1

23.92±0.18

NM_001645

Apolipoprotein C-I

APOC1

U1

25.02±12.59

X54741

Cytochrome P450, subfamily XIB (steroid 11-beta-hydroxylase), polypeptide 2

CYP11B2

X01388

Apolipoprotein C-III

APOC3

R98624

Bile acid Coenzyme A: amino acid N-acyltransferase (glycine N-choloyltransferase)

BAAT

P3

25.26±16.74

U93305

Proteolipid protein 2 (colonic epithelium-enriched)

PLP2

P3

25.41±2.44

U67963

Lysophospholipase-like

HU-K5

D86096

Prostaglandin E receptor 3 (subtype EP3)

PTGER3

P3

26.79±0.19

AL022398

Hydroxysteroid (11-beta) dehydrogenase 1

HSD11B1

X76488

Lipase A, lysosomal acid, cholesterol esterase (Wolman’s disease)

LIPA

AF019225

Apolipoprotein L

APOL1

AL034374

Homolog of yeast long chain polyunsaturated fatty acid elongation enzyme 2

HELO1

28.76±4.09

AI675602

EST, moderately similar to I65981 fatty acid omega-hydroxylase [H.sapiens]

U89281

Oxidative 3 alpha hydroxysteroid dehydrogenase; retinol dehydrogenase;

RODH

29.09±7.19

AL022318

Phorbolin (similar to apolipoprotein B mRNA editing protein)

DJ742C19.2

X07228

Lipase, hepatic

LIPC

AL031230

Glycosylphosphatidylinositol specific phospholipase D1

GPLD1

30.88±1.21

AA128778

Tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor)

TFPI

32.76±0.09

Z99390

L-3-hydroxyacyl-Coenzyme A dehydrogenase, short chain

HADHSC

33.87±0.98

AF002020

Niemann–Pick disease, type C12

NPC1

34.88±12.12

X55764

Cytochrome P450, subfamily XIB (steroid 11-beta-hydroxylase), polypeptide 1

CYP11B1

L34081

Bile acid Coenzyme A: amino acid N-acyltransferase (glycine N-choloyltransferase)

BAAT

AF002668

Degenerative spermatocyte (homolog Drosophila; lipid desaturase)

DEGS

AF034544

7-Dehydrocholesterol reductase

DHCR7

38.05±2.80

D82073

Prostaglandin D2 synthase, hematopoietic

PGDS

38.83±13.58

Z37986

Emopamil-binding protein (sterol isomerase)

EBP

L21934

Sterol O-acyltransferase (acyl-Coenzyme A: cholesterol acyltransferase) 1

SOAT1

P3

44.08±1.76

L21934

Sterol O-acyltransferase (acyl-Coenzyme A: cholesterol acyltransferase) 12

SOAT1

P3

44.08±1.76

23.62±0.57

25.13±3.81
25.17±4.82

26.75±5.28
26.82±8.70
27.10±11.84
U1

28.12±1.76
28.85±13.77

3-hydroxysteroid epimerase
29.26±5.26
P3

30.57±4.34

34.95±1.61
P3

37.8±3.91
37.93±4.50

41.25±12.24
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44.19±7.57

congenital adrenal hyperplasia), polypeptide 2
L07077

Enoyl-Coenzyme A, hydratase/3-hydroxyacyl Coenzyme A dehydrogenase

BE566894

Human DNA sequence from clone RP11-16L21 on chromosome 9. Contains the

EHHADH

45.78±6.21
U1

47.45±1.75

gene for NADP-dependent leukotriene B4 12-hydroxydehydrogenase, the gene
for a novel DnaJ domain protein similar to Drosophila, C. elegans and
Arabidopsis predicted proteins, the GNG10
NM_016371

Hydroxysteroid (17-beta) dehydrogenase 7

HSD17B7

AF151638

Phosphatidylcholine transfer protein2

PCTP

P3

53.38±6.96

48.38±6.73

M12529

Apolipoprotein E2

APOE

P3

53.51±9.77

AL034369

Human DNA sequence from clone 149D17 on chromosome Xq22.2-23.

54.46±5.61

Contains part of a PLRP2 (PNLIPRP2, pancreatic lipase-related protein 2
Precursor, EC 3.1.1.3) LIKE gene and 5' exons of the COL4A5 and
alternatively spliced COL4A6 genes for Collagen, type IV,
M22430

Phospholipase A2, group IIA (platelets, synovial fluid)

PLA2G2A

P3

58.57±9.02

AK000339

Long-chain fatty acid Coenzyme A ligase 5

FACL5

U1

58.82±3.86

NM_013389

NPC1 (Niemann–Pick disease, type C1, gene)-like 1

NPC1L1

U1

59.9±13.58

M63959

Low density lipoprotein-related protein-associated protein 1

LRPAP1

U1

60.24±6.70

(alpha-2-macroglobulin receptor-associated protein 1)2
AF263613

Intracellular membrane-associated calcium-independent phospholipase A2 gamma

IPLA2(GAMMA)

60.96±13.23

Z29481

3-Hydroxyanthranilate 3,4-dioxygenase

HAAO

62.47±0.09

D38081

Thromboxane A2 receptor

TBXA2R

66.03±19.67

X71973

Glutathione peroxidase 4 (phospholipid hydroperoxidase)

GPX4

69.27±12.44

AW662196

Apolipoprotein L, 2

APOL2

P3

79.49±5.89

AI590076

3-Hydroxy-3-methylglutaryl-Coenzyme A synthase 1 (soluble)

HMGCS1

P3

83.08±4.33

AL022398

Homo sapiens DNA sequence from PAC 434O14 on chromosome 1q32.3.-41.

85.30±14.15

Contains the HSD11B1 gene for hydroxysteroid (11-beta) dehydrogenase 1,
the ADORA2BP adenosine A2b receptor LIKE pseudogene, the IRF6 gene for
Interferon Regulatory Factor 6 and two novel
AL022394

Phospholipase C, gamma 1 (formerly subtype 148)

PLCG1

P3

85.54±21.21

Z82215

Apolipoprotein L

APOL1

U1

89.89±16.36

J02611

Apolipoprotein D

APOD

U19487

Prostaglandin E receptor 2 (subtype EP2), 53 ku

PTGER2

P3

95.40±18.27

X59812

Cytochrome P450, subfamily XXVIIA (steroid 27-hydroxylase, cerebrotendinous

CYP27A1

P3

100.70±10.81

92.61±8.90

xanthomatosis), polypeptide 12
AF070675

Apolipoprotein L, 3

APOL3

U1

105.58±12.73

U00968

Sterol regulatory element binding transcription factor 12

SREBF1

P3

107.4±8.65

AB018580

Aldo-keto reductase family 1, member C3 (3-alpha hydroxysteroid

AKR1C3

P3

110.69±31.00

dehydrogenase, type II) 2
X98332

Solute carrier family 22 (organic cation transporter), member 12

SLC22A1

P3

112.02±22.09

M10617

Fatty acid binding protein 1, liver2

FABP1

U1

117.5±11.59

L11702

Glycosylphosphatidylinositol specific phospholipase D1

GPLD1

X06290

Lipoprotein, Lp(a)

LPA

P3

156.94±26.59

X14723

Clusterin (complement lysis inhibitor, SP-40,40, sulfated glycoprotein 2,

CLU

U1

163.92±11.19

P3

169.72±16.05

149.16±33.78

testosterone-repressed prostate message 2, apolipoprotein J)
BE018577

3-Hydroxy-3-methylglutaryl-Coenzyme A synthase 1 (soluble)

HMGCS1

U23942

Cytochrome P450, 51 (lanosterol 14-alpha-demethylase)

CYP51

219.74±47.13

AL049547

Cytochrome P450, subfamily XXIA (steroid 21-hydroxylase,

CYP21A2

246.11±42.36

AF081281

Lysophospholipase I

LYPLA1

L40802

Hydroxysteroid (17-beta) dehydrogenase 2

HSD17B2

congenital adrenal hyperplasia), polypeptide 2

1

2

P3

348.56±34.15
396.94±5.65

3

U: Genes expressed in the gallbladder through searching Unigene Database; Gallstone candidate genes; P: Genes expressed in the gallbladder suggested by previous report.

DISCUSSION
A cDNA array representing 17 000 human genes or cDNA
clusters was established. Compared with the cDNA array
without hybridization intra membrane controls, the HIC in
the cDNA array system significantly contributed to the
evenness of hybridization among different parts of the array
membrane and therefore improved the reliability of the
array analysis (data not shown). Replicated examinations of
the same sample indicated that only 0.2-0.3% of the genes
spotted or 0.5% informative genes, might be false-positive

signals. Because we chose the genes that were lower than
0.33 in the variation of average on two samples, the
possibilities of false-positives were remote.
Totally 11 047 genes were expressed in the gallbladder,
which is almost thrice the number of 3 754 predicted by
Lewis. The results remind us the importance of the role of
gallbladder in the human body.
So far, two measures can be used to study gene expression
profile, namely constructing a cDNA library following
sequencing or thorough cDNA array. The former is a
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labor-consuming and accurate work, but it needs complex
procedures, and can be affected by many factors, thus, it is not
so sensitive. On the contrary, cDNA array is a high-throughput
and relatively less expensive technology.
The top 10 highly expressed genes with a clear function
are displayed in Table 1, they are: BCRP2: breakpoint cluster
region protein, uterine leiomyoma, 2; ARPC5: actin-related
protein 2/3 complex, subunit 5 (16 ku); EIF4A1: eukaryotic
translation initiation factor 4A, isoform 1; LOC55972:
mitochondrial carrier family protein; SLC20A2: solute carrier
family 20 (phosphate transporter), member 2; LOC51706:
cytochrome b5 reductase 1 (B5R.1); ARF1: ADP-ribosylation
factor 1; FARP1: FERM, RhoGEF (ARHGEF) and pleckstrin
domain protein 1 (chondrocyte-derived); PSME2: proteasome
(prosome, macropain) activator subunit 2 (PA28 beta);
CREBL1: cAMP responsive element binding protein-like 1.
Their functions are associated with smooth muscle contraction
and material transport, thus, they may participate in the
contraction and concentration of gallbladder bile[9-16].
The human body contains both exogenous and endogenous
cholesterol. Exogenous cholesterol comes from diet while
the endogenous is synthesized inside the body by liver cells.
Excess total cholesterol in the plasma will eventually become
deposited on the arterial walls, leading to atherosclerosis[17].
High-density lipoprotein is the only lipoprotein that can
transport cholesterol to the liver for degradation; this is
called reverse cholesterol transport[18]. Liver cells catalyze
cholesterol into bile acid, which is secreted into the biliary
tract. Supersaturated cholesterol remains in the gallbladder
bile, and can result in the formation of cholesterol
monohydrate crystals, and finally gallstones[19] . Normally,
the gallbladder epithelium absorbs high amounts of biliary
cholesterol and phosphatidylcholine in a proportion
determined by their molar ratio in the bile entering the lumen.
This physiological lipid absorption continuously reduces
biliary cholesterol molar percentage in the gallbladder, thus
avoiding crystal precipitation. In contrast, gallbladder
epithelium in patients affected with cholesterol gallstone
disease may be hyperplastic and/or hypertrophic, and
consistently absorbs cholesterol and phosphaticylcholine
less efficiently, leading to a higher likelihood of cholesterol
crystal precipitation[20]. A number of lipid metabolism genes
or proteins are reportedly expressed in gallbladder tissue,
including scavenger receptor class B type I(SR-BI) [21],
Apo B[22], acyl-coA: cholesterol acyltransferase (Soat1) [23] ,
sodium-dependent bile acid transporter and organic anion
transporting polypeptide(Oatp1)[24], and the multidrug
resistance protein (MRP)[25] . However, most of the lipid
metabolism-related genes we identified in this study (Table 2)
have not previously been reported in the gallbladder. From
our results, we hypothesize that supersaturated lipids in bile
lead to impaired regulation of the buffering ability of the
gallbladder, resulting in the formation of gallstones. In
our previous work, we observed that high cholesterol diet
decreased the expression of cholecystokinin-A receptor in
guinea pig, which led to the formation of gallstone[26]. Usually,
it is nucleation factors or impaired motility of gallbladder
that results in the formation of gallstone[27]. However, we
found 19 lipid metabolism-related genes expressed in the
gallbladder in our previous research[28,29], and currently a
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total of 149 lipid metabolism-related genes were expressed
in the gallbladder, and most of them were firstly identified
(83 genes), thus, we think it is necessary to consider the
regulation ability of gallbladder in lipid homeostasis while
we study the mechanism of gallstone formation.
Lammert et al[2] collected 45 possible candidate genes in
gastroenterology. Twenty-four of the 45 genes were
included in our array, and 21 of them were expressed in
the gallbladder. Among the 21 genes, 19 genes were lipidrelated genes, and they can be divided into five groups:
lipid regulatory enzymes, lipoprotein receptors and related
proteins, intracellular lipid transporters, membrane lipid
transporters and lipid regulatory transcription factors.
Previously those genes were believed to be expressed in the
liver and/or intestinal cells only, not in gallbladder, and they
could not be searched in Unigene and Pubmed for their
association with gallbladder except LRPAP1[30], FABP1[31],
SCP2 and ABCC2[32]. It is well known that lipid metabolism
has a close relationship with liver, but we found those genes
were expressed in the gallbladder, too, suggesting gallbladder
takes part in both digestion and lipid homeostasis. Those
genes of patients with gallstones expressed in the gallbladder
are involved in each step of gallstone formation, thus, if
we study the differentially expressed genes between normal
and gallstone affected gallbladder by cDNA hybridization,
we may find some valuable gallstone-related genes.
In summary, we established a cDNA array and identified
a catalog of genes expressed in normal gallbladder tissue,
the number is greater than previous predictions. In addition,
we identified the expression of 139 lipid metabolism-related
genes, eighty-three of them were first discovered, suggesting
that the gallbladder takes part in lipid homeostasis.
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Abstract
AIM: To investigate whether abnormal expression of catenin in conjunction with overexpression of cyclinD1, cmyc and matrix metalloproteinase-7 (MMP-7) correlated
with the carcinogenesis, metastasis and prognosis of
pancreatic cancer, and to analyze the relationship of catenin expression with cyclinD1, c-myc and MMP-7
expression.
METHODS: Using immunohistochemistry, we examined
the expression of -catenin, cyclinD1, c-myc and MMP-7
in 47 pancreatic adenocarcinoma tissues, 12 pancreatic
intraepithelial neoplasia (PanIN) and 10 normal pancreases,
respectively. Proliferation cell nuclear antigen was also
tested as the index of proliferative activity of pancreatic
cancer cells.
RESULTS: In 10 cases of normal pancreatic tissues,
epithelial cells showed equally strong membranous
expression of -catenin protein at the cell-cell boundaries,
but the expression of cyclinD1, c-myc and MMP-7 was
negative. The expression of -catenin, cyclinD1, c-myc and
MMP-7 in PanIN and pancreatic adenocarcinoma tissues
had no significant difference [6/12 and 32/47 (68.1%),
6/12 and 35/47 (74.5%), 5/12 and 33/47 (70.2%), 7/12
and 30/47 (63.8%), respectively]. The abnormal expression
of -catenin was significantly correlated to metastasis and
one-year survival rate of pancreatic cancer, but had no
relation with size, differentiation and cell proliferation.
The expression of cyclinD1 was correlated with cell
proliferation and extent of differentiation, but not with size,
metastasis and one-year survival rate of the pancreatic
cancer. The expression of c-myc was not correlated with
size, extent of differentiation, metastasis and 1-year
survival rate, but closely with cell proliferation of pancreatic
cancer. The overexpression of MMP-7 was significantly
associated with metastasis and 1-year survival rate of

pancreatic cancer, but not with size, extent of differentiation
and cell proliferation. There was a highly significant positive
association between abnormal expression of -catenin
and overexpression of cyclinD1, c-myc and MMP-7 not only
in PanIN (r = 1.000, 0.845, 0.845), but also in pancreatic
cancer (r = 0.437, 0.452, 0.435).
CONCLUSION: The abnormal expression of -catenin
plays a key role in the carcinogenesis and progression of
human pancreatic carcinoma by up-regulating the expression
of cyclinD1, c-myc and MMP-7, resulting in the degradation
of extracellular matrix and uncontrolled cell proliferation
and differentiation. -catenin abnormal expression and
MMP-7 overexpression may be considered as two useful
markers for determining metastasis and prognosis of
human pancreatic cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
-catenin is a multifunctional cytoplasmic protein. It links
E-cadherin and -catenin to cytoskeleton constituting Ecadherin-catenin complex to maintain normal epithelial
polarity and intercellular adhesion, and regulate cellular
differentiation and proliferation[1-4]. Reduction and loss of
-catenin or other molecules might disrupt stability and
integrity of the E-cadherin-catenin complex and disturb
cellular adhesive junction, resulting in cell proliferation,
invasion and metastasis of tumor[5-9]. Our previous study
has found that abnormal expression of E-cadherin and ,
-catenin significantly correlated with differentiation, lymph
node and liver metastasis of pancreatic cancer[10]. Recently,
-catenin has been found as an important member in the
Wnt signaling pathway, which is conserved in various organisms
from worms to mammals, and plays important roles in
cellular development, proliferation and differentiation[11-14].
In the absence of Wnt signals, -catenin is sequestered in a
complex with the adenomatous polyposis coli tumor suppressor,
AXIN, and a serine threonine glycogen synthetase kinase-
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3 (GSK-3), enabling phosphorylation and degradation
of free -catenin by the ubiquitin-proteasome system[11-14].
Thus, in normal epithelial cells, levels of free cytosolic catenin are low. During embryogenesis and activation of
the Wnt signaling pathway, phosphorylation by GSK-3 is
inhibited, and -catenin accumulates in the cytosol at high
levels, binds to cytosolic T cell-factor/lymphoid-enhancerfactor (Tcf/Lef) transcription factors, and the resulting
complex is shuttled to the nucleus, leading to activation of
target genes expression[14-16]. Recent studies have demonstrated
that cyclinD1, c-myc and MMP-7 were important target
genes of Wnt signaling pathway and overexpression of them
was highly associated with accumulation of -catenin and
mutational defects of the Wnt signaling pathway in numerous
tumor types[17-23], but there were only few reports in pancreatic
cancer, and the results were conflicting[7,23-28].
To investigate the role of the Wnt signaling pathway in
carcinogenesis and progression of pancreatic cancer, we
detected expression of -catenin, cyclinD1, c-myc and
MMP-7 in normal pancreas, pancreatic intraepithelial
neoplasia (PanIN) and pancreatic adenocarcinoma by
immunohistochemistry.

MATERIALS AND METHODS
Patients and specimens
Forty-seven specimens of pancreatic carcinomas were
collected from the Department of Pathology, Affiliated
Hospital of Medical College, Qingdao University from 1995
to 1999. These included 29 male and 18 female patients
with a mean age of 56.7 years (range 27-75 years). No
patient received radiotherapy or chemotherapy before
surgery. The tumor size was divided into three groups:
smaller than 3 cm in diameter in 9 patients, 3-5 cm in 15
patients and larger than 5 cm in 23. Histologically, all cases
were infiltrative ductal adenocarcinoma. According to the
Modified Kloppel Histological Grading System[29], 10 cases
were in grade I (well differentiated), 16 in grade II (moderately
differentiated) and 21 in grade III (poorly differentiated).
Twenty-five cases were with local and distant lymph node
metastases, and 22 without metastasis. All patients were
followed up for more than 1 year; 13 patients survived
more than 12 mo and 34 patients died within 12 mo. The
one-year survival rate was 27.6%. Twelve of 47 cases of
pancreatic carcinoma tissues had regions containing identifiable
PanIN lesions (all cases were PanIN-2). Ten normal adult
pancreatic tissues were obtained from healthy young men
who died of traffic accidents.
Immunohistochemistry
All specimens were fixed in 100 mL/L neutral formalin for
24-48 h, embedded by paraffin, and cut into 4-m thick
sections for immunohistochemical staining. PicTureTM method
was used (Zymed, USA) as well as the following antibodies:
-catenin monoclonal antibody (diluted 1:100, Sigma, USA);
cyclinD1, c-myc and MMP-7 monoclonal antibodies (ready
for use, Zymed, USA); proliferation cell nuclear antigen
(PCNA) monoclonal antibody (ready for use, Dako, USA)
respectively. Before staining, the sections were pretreated
with microwave (4 min×4 min at 900 W) in 0.1 mol/L

April 14, 2005

Volume 11

Number 14

citrate buffer for antigen retrieval. DAB was used for
chromogen. PBS was substituted for primary antibodies as
negative control.
Evaluation of immunohistochemical staining
The slides were reviewed by two independent observers
who had no knowledge of patients’ outcome. The positive
staining of -catenin appeared in brown, and was located
in the cell membrane. Staining grade was based on the
method described by Jawhari et al[30]: 0 score: no expression;
1 score: expression in cytoplasm; 2 scores: decreased
expression; 3 scores: expression in cell membrane, namely
normal expression. A score of 0-2 was abnormal expression.
The expression of cyclinD1 and c-myc was stained in
nucleus. A semi-quantitative evaluation was used to determine
positive expression of cells by viewing 10 high power fields
(×400)[31]: negative (-), cells were stained less than 10%;
mildly positive, cells were stained at 11-25%; moderately
positive, cells were stained at 26-50%; strongly positive, cells
were stained over 50%. And we regarded the last three grades
as positive (+, or overexpression). Positive immunostaining
of MMP-7 was predominantly localized in cytoplasm. The
slides were regarded as negative (-), and positive (+, or
overexpression) if the count of positive cells was less than
20% and exceeded 20%. The positive staining of PCNA
was located in the nuclei of pancreatic cancer cells with
brown-yellow granules. The expression of PCNA was
classified into four grades according to the count of positive
cells, as follows[32]: 1, less than 25%; 2, between 26 and
50%; 3, between 51 and 75%; 4, more than 76%. Grades 1
and 2 were defined as low proliferative activity, and grades
3 and 4 were defined as high proliferative activity.
Statistical analysis
Statistical analysis was performed using the 2 test or Fisher’s
exact test and Spearman rank correlation coefficient analysis.
P<0.05 was considered significant.

RESULTS
Expression of -catenin, cyclinD1, c-myc and MMP-7 in normal
pancreas, PanIN and pancreatic carcinoma tissues
The immunoreactivity of -catenin was expressed by normal
ductal and acinar cells with strong membranous staining at
the intercellular border in 10 cases of adult normal pancreases.
The rates of abnormal expression of -catenin in pancreatic
carcinoma and PanIN tissues were 68.1% (32/47) and
6/12 (2 = 0.689, P>0.05). The expression of -catenin in
most cases was in cytoplasm, whereas membranous staining
reduced or disappeared (Figures 1A-C). The positive staining
of cyclinD1 and c-myc was located in the nucleus (Figures
2A-D), and was not detected in 10 normal tissues of the
pancreas. The positive rates of cyclinD1 and c-myc in
pancreatic carcinoma and PanIN tissues were 74.5% (35/47)
and 6/12 (2 = 0.213, P>0.05), 70.2% (33/47) and 5/12
(P = 1.000, P>0.05), respectively. Positive immunostaining
of MMP-7 was predominantly localized in cytoplasm
(Figures 3A-C), and it was detected in 30 (63.8%) of the
47 tumor tissues and 7 of the 12 PanIN tissues (2 = 0.124,
P>0.05), but not in any of the normal pancreases.
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Figure 1 Immunohistochemical PicTureTM staining. A: Immunoreactivity of -catenin was expressed by normal ductal and acinar cells with
strong membranous staining at intercellular border, ×100; B and C: Immunoreactivity of -catenin was mainly located in cytoplasm of PanIN
and pancreatic cancer cells, ×200.

Expression of PCNA in pancreatic carcinoma tissues
The positive staining of PCNA was located in the nuclei of
pancreatic cancer cells with brown-yellow granules (Figures
3A-C). There were 6 cases of grade 1, 13 cases of grade 2,
16 cases of grade 3 and 12 cases of grade 4 in 47 cases of
pancreatic cancer. Low proliferative activity was in 19 cases
(grades 1 and 2) and high proliferative activity in 28 cases
(grades 3 and 4).
Relationships between expression of -catenin, cyclinD1, cmyc and MMP-7 and clinicopathologic characteristics of
pancreatic carcinoma
The abnormal expression of -catenin was significantly
correlated to metastasis and 1-year survival rate of
pancreatic cancer (2 = 6.23, 5.50; P<0.05), but had no
relation with tumor size, histological grade and cell
proliferation (P = 0.981, 2 = 3.51, 1.17; all P>0.05). The
overexpression of cyclinD1 was correlated with cell
proliferation and histological grade (P = 0.006, 2 = 6.19;
P<0.05), but not with size, metastasis and one-year survival

rate of the pancreatic cancer (2 = 0.01, 0.86, 0.78; all
P>0.05). The overexpression of c-myc was not correlated
with size, histological grade, metastasis and survival rate
(P = 1.000, 0.208; 2 = 0.90, 1.35; all P>0.05), but closely
related with cell proliferation of pancreatic cancer (2 = 4.17;
P<0.05). The overexpression of MMP-7 was significantly
associated with metastasis and survival rate of pancreatic
cancer (2 = 6.05, 6.61; both P<0.05), but not with size,
histological grade and cell proliferation (2 = 0.40, 0.74,
1.34; all P>0.05) (Table 1).
Relationships between abnormal expression of -catenin and
overexpression of cyclinD1, c-myc and MMP-7 in PanIN
In PanIN, -catenin abnormal expression rates in tumor
tissues of cyclinD1, c-myc and MMP-7 overexpression
group were 6/6, 5/6, 6/6, and -catenin normal expression
rates in tumor tissues of cyclinD1, c-myc and MMP-7
negative expression group were 6/6, 6/6 and 5/6, respectively.
There was a highly significant positive association between
abnormal expression of -catenin and overexpression of

A

B

C

D

Figure 2 Immunohistochemical PicTureTM staining. A and B: CyclinD1 expression was in the nuclei of PanIN and pancreatic cancer cells, ×200;
C and D: c-myc expression located in the nuclei of PanIN and pancreatic cancer cells, ×200.
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Figure 3 Immunohistochemical PicTureTM staining. A and B: The expression of MMP-7 was mainly located in cytoplasm of PanIN and
pancreatic cancer cells, ×200. C: Expression of PCNA protein was located in the nuclei of pancreatic cancer cells with brown-yellow granules, ×200.

cyclinD1, c-myc and MMP-7 in PanIN (P = 0.002, 0.015,
0.015; r = 1.000, 0.845, 0.845) (Table 2).
Relationships between abnormal expression of -catenin and
overexpression of cyclinD1, c-myc and MMP-7 in pancreatic
carcinomas
As summarized in Table 3, -catenin abnormal expression
rates in cancer tissues of cyclinD1, c-myc and MMP-7
overexpression group were 87.5%, 84.7%, 78.1%, and catenin normal expression rates in cancer tissues of cyclinD1,
c-myc and MMP-7 negative expression group were 8/15,
9/15 and 10/15, respectively. There was a close positive
and significant association between abnormal expression of
-catenin and overexpression of cyclinD1, c-myc and
MMP-7 in pancreatic cancer (2 = 6.94, 7.61, 8.87; r = 0.437,
0.452, 0.435; all P<0.05).

DISCUSSION
In addition to its role in regulating intercellular adhesion,
-catenin has a critical role in the highly conserved Wnt
signaling pathway. Mutations of -catenin and aberrant

Table 1 Relationships between expression of -catenin, cyclinD1,
c-myc and MMP-7 and clinicopathologic characteristics of pancreatic cancer
Parameter
Mass size (cm)
<3
3–5
>5
Histological grade
I
II
III
Proliferation degree
High
Low
Metastasis
Positive
Negative
Survival time (yr)
>1
≤1

-catenin

c-myc cyclinD1 MMP-7

Normal

+

n
Abnormal

–

+

–

+

–

9
15
23

3
4
8

6
11
15

6
11
16

3 6
4 10
7 19

3
6
5 10
4 14

3
5
9

10
16
21

4
6
5

6
10
16

5
11
17

5 4
5 12
4 19a

6
7
4 11
2 12

3
5
9

28
19

6
9

22
10

23
10c

5 25
9 10c

3
9

16 12
14 5

25
22

4
11e

21
11

19
14

6 20
8 15

5
7

20 5
10 e 12

13
34

8
7g

5
27

8
25

5 9
9 26

4
8

4 9
26g 8

a
P<0.05 vs grade I; cP<0.05 vs high proliferation degree; eP<0.05 vs positive
metastases. gP<0.05 vs >1 year.

expression of its protein have been identified in a number
of different types of human cancers, and implicated in tumor
invasion and metastasis[33-35]. However, reports regarding
the expression of -catenin in human pancreatic cancer are
very few, and the results are controversial. Gerdes et al[27],
reported that intracellular accumulation of -catenin was
not observed in any of the 40 pancreatic adenocarcinomas,
and neither 78 pancreatic adenocarcinomas nor 14 pancreatic
cancer cell lines had mutations in exon 3 of the -catenin
gene. Thus, Wnt--catenin pathways did not appear to
be common targets of genetic alterations in pancreatic
carcinogenesis. But most researchers[17,24,25] found that alterations
in -catenin expression were common in pancreatic cancer
and correlated with loss of tumor differentiation, metastasis
and prognosis. In our study, we found that the expression
of -catenin was located in normal ductal and acinar cells
with strong membranous staining in adult normal pancreases,
but in most cases of pancreatic carcinomas was in cytoplasm
and membranous staining reduced or disappeared, and the
abnormal expression rates of -catenin in pancreatic
carcinoma and PanIN tissues were 68.1% and 6/12 (P>0.05),
and abnormal -catenin was correlated with metastasis and
survival time of pancreatic cancer. These data suggest that
the abnormal expression of -catenin plays an important
role in the process of pancreatic tumorigenesis and metastasis,
and may be considered as a valuable marker for early
diagnosis and prognosis of pancreatic cancer.
CyclinD1 and c-myc are critical genes involved in cell
proliferation and differentiation. As two target genes of Wnt
signaling pathway, the amplification and/or overexpression
of cyclinD1 and c-myc in tumor cells are extremely common,
indicating that their activation may be essential during
carcinogenesis[36-40]. To date, only few data on the biological
significance and prognostic value of cyclinD1 and c-myc
overexpression have been reported in pancreatic cancer.
Several investigators [41-44] have reported that cyclinD1
overexpression was detected in pancreatic carcinoma and
PanIN, whereas normal human pancreas stained negative,
and its overexpression was associated with tumor stage, cell
proliferating activity, differentiation, perineural invasion,
lymph node metastasis and poor prognosis of pancreatic
adenocarcinoma. Schleger et al[45], recently have shown that
c-myc activation was detected in some high-grade PanIN
lesions, and its overexpression was common in pancreatic
cancer, and significantly associated with poor tumor
differentiation, but not with tumor stage or metastasis. So
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Ta bl e 2 Relationships between expression of -catenin and
cyclinD1, c-myc and MMP-7 in PanIN
cyclinD1

c-myc
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Table 3 Relationships between expression of -catenin and cyclinD1,
c-myc and MMP-7 in pancreatic carcinomas

MMP-7

CyclinD1 (%)

-catenin

n
+

–

+

–

+

–

Normal

6

0

6

0

6

1

5

Normal

15

Abnormal

6

6

0

5

1

6

0

Abnormal

32

-catenin

c-myc (%)

MMP-7 (%)

+

–

+

27 (84.5)

5

n
+

–

28 (87.5)

4

7

8

6

9

5
25 (78.1)

–
10
7

P = 0.002, 0.015, 0.015; r = 1.000, 0.845, 0.845.

2 = 6.94, 7.61, 8.87; r = 0.437, 0.452, 0.435; P<0.05.

they considered that c-myc activation was involved in
early stages of development and progression of pancreatic
neoplasia, rather than in late stages of local spread and lymph
node metastasis of invasive adenocarcinoma. In the present
study, we found that cyclinD1 and c-myc overexpression
was detected in 35 and 33 of 47 cases of pancreatic carcinoma,
6 and 5 of 12 PanIN tissues, respectively, but not in 10
normal pancreases. Both proteins’ overexpression was
significantly correlated with cell proliferation activity and
degree of differentiation, but not with size, metastasis or
one-year survival rate of the pancreatic cancer. These results
suggest that cyclinD1 and c-myc overexpression plays an
important role in pancreatic carcinogenesis, but does not
affect tumor progression independently. Masuda et al [46] ,
have also reported that overexpression of cyclinD1 was
not associated with the presence of nodal metastasis and
clinical stage in head and neck squamous cell carcinoma.
Degradation of the extracellular matrix mediated by
matrix metalloproteinases (MMPs) is a crucial mechanism
during tumor invasion and metastasis. They are necessary
to create a microenvironment supporting the growth of
primary tumor and metastasis[47] . Unlike the majority of
MMPs family members, MMP-7 mRNA and protein are
expressed not only in the epithelium of premalignant lesions
in multiple glandular tissues[48] but also in the tumor cells,
and associated with tumor progression of colorectal[49],
gastric[50] and hepatic carcinomas[51] . In contrast to these
gastrointestinal cancers, there has been little information
on the significance of MMP-7 expression in pancreatic
carcinoma. Some researchers[52-54] have found that expression
of MMP-7 mRNA and protein was significantly correlated
with infiltrating growth pattern, lymph node and liver
metastasis, TNM stage, postoperative recurrence and survival
time of pancreatic carcinoma. Crawford et al[55], have shown
that MMP-7 was expressed in the majority of human
pancreatic adenocarcinomas and PanIN, but was never
detected in the normal pancreas. In our study, we also found
that 10 normal pancreases did not express MMP-7, but
63.8% pancreatic adenocarcinoma tissues and 7/12 PanIN
lesions showed MMP-7 positive expression. Moreover,
overexpression of MMP-7 was significantly associated with
metastasis and survival time of pancreatic cancer, but not
with tumor size, cell proliferation activity and degree of
differentiation. These results suggest that MMP-7 plays a key
role not only in the earlier stages of pancreatic tumorigenesis,
but also in the progression of pancreatic carcinoma, and
thereby contributes to a poor prognosis.
As an effector of the Wnt signaling pathway, -catenin
is able to bind to Tcf/Lef transcription factors, and subsequently
activate target genes[14-16]. Recently studies demonstrated that

cyclinD1, c-myc and MMP-7 were important target genes
of Wnt signaling pathway[16-18]. Immunohistochemical studies
confirmed that overexpression of cyclinD1, c-myc and
MMP-7 was highly associated with accumulation of catenin and mutational defects of the Wnt signaling pathway
in numerous tumor types[17,19-22] . For instance, a strong
correlation was reported between -catenin deregulation and
cyclinD1 and MMP-7 expression in primary colorectal
tumors[56,57]. Brabletz et al[20], also found a tight correlation
between nuclear -catenin accumulation and c-myc
expression in colorectal adenomas, although neither feature
correlated with grade of dysplasia or proliferative activity.
Zhai et al[17], found that nuclear accumulation of -catenin
was highly associated with overexpression of cyclinD1
and MMP-7, but not with c-myc overexpression in ovarian
endometrioid adenocarcinomas. In pancreatic carcinomas,
only one literature[26] reported that -catenin might be
involved in the tumorigenesis of pancreatic cancer and
exhibited its effects mainly by the transactivation of cyclinD1.
In this study, we examined the expression of -catenin,
cyclinD1, c-myc and MMP-7 in pancreatic carcinomas and
PanIN, and confirmed that there was a highly significant
positive association between abnormal expression of catenin and overexpression of cyclinD1, c-myc and MMP7 not only in PanIN (r = 1.000, 0.845, 0.845), but also in
pancreatic cancer (r = 0.437, 0.452, 0.435). It can be inferred
from our findings that the abnormal expression of -catenin
plays a key role in the carcinogenesis and progression of
human pancreatic carcinoma by up-regulating the expression
of cyclinD1, c-myc and MMP-7, resulting in the degradation
of extracellular matrix and uncontrolled cell proliferation
and differentiation.
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Abstract
AIM: To study the effects of total glucosides of peony
(TGP) on immunological hepatic fibrosis induced by human
albumin in rats.
METHODS: Sixty adult male Sprague-Dawley rats were
randomly divided into: Normal group, model group, TGP
(60 and 120 mg/kg) treatment groups and colchicines
(0.1 mg/kg) treatment group. On the day before the
rats were killed, those in TGP or colchicine groups received
TGP or colchicine as above from the first day of tail vein
injection of human albumin. The rats in normal and model
groups were only administered with the same volume of
vehicle. At the end of the 16th wk, rats in each group
were killed. Blood and tissue specimens were taken. Levels
of alanine aminotransferase (ALT), aspartate aminotransferase (AST), nitric oxide (NO), content of malondialdehyde (MDA), activity of superoxide dismutase (SOD)
and glutathione peroxidase (GSH-px), were measured by
biochemical methods. Serum procollagen type III (PC III)
and laminin (LN) were determined by radioimmunoassay.
Liver collagen level was determined by measuring
hydroxyproline content in fresh liver samples. Hepatic tissue
sections were stained with hematoxylin-eosin and
examined under a light microscope.
RESULTS: Histological results showed that TGP improved
the human albumin-induced alterations in the liver
structure, alleviated lobular necrosis and significantly
lowered collagen content. The antifibrotic effect of TGP
was also confirmed by decreased serum content of LN
and PCIII in TGP-treated group. Moreover, the treatment
with TGP effectively reduced the hydroxyproline content
in liver homogenates. However, the level of ALT and AST
increased in fibrotic rat but had no significance compared
with normal control, whereas the ratio of A/G decreased
without significance. TGP had no effect on level of ALT,
AST and the ratio of A/G. Furthermore, TGP treatment
significantly blocked the increase in MDA and NO, asso-

ciated with a partial elevation in liver total antioxidant
capacity including SOD and GSH-px.
CONCLUSION: TGP has beneficial effects on hepatic
fibrosis in rats by inhibition of collagen synthesis and
decreasing oxidative stress.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is traditionally defined as a progressive
pathological process involving multiple cellular and molecular
events that lead ultimately to deposition of excess matrix
proteins in the extracellular space[1-3]. Chronic injury leading
to fibrosis in liver occurs in response to a variety of insults,
including viral hepatitis (especially hepatitis B in China),
alcohol abuse, drugs, metabolic diseases, etc. When this injury
process is combined with ineffective regeneration and repair,
there is increasing distortion of the normal liver architecture,
and the end result is cirrhosis. Current evidence indicates that
hepatic fibrosis even cirrhosis is dynamic and can be bidirectional
(involving phases of progression and regression)[4,5]. Thus,
efforts to understand fibrosis focus primarily on events that
lead to the early accumulation of scar in hopes of identifying
therapeutic targets to slow its progression. Unfortunately,
no effective hepatic antifibrotic therapies are available.
Antifibrotic strategies might therefore be usefully targeting
towards either reducing matrix synthesis or increasing matrix
degradation[6,7].
Paeonia lactiflora pall root, a traditional Chinese herb, has
been used to relieve the pain and been a component of effective
prescriptions for treatment of liver disease[8] . The total
glucosides of peony (TGP), a powder substance extracted from
Paeonia lactiflora pall root, were composed of peoniflorin,
hydroxypeoniflorin, peonin, albiflorin, benzoylpeoniflorin,
etc. Peoniflorin, accounting for some 90%, is a main effective
component of TGP. TGP have been recognized as the
valuable traditional herbs used in the treatment of rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE) and
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hepatitis with a long history in traditional Chinese medicine[9-11].
The anti-inflammatory, anti-oxidative, anti-hepatic injury and
immunoregulatory activities without evident toxic or sideeffects of TGP have been extensively proved in our laboratory
for many years[12-16]. These observations have led to an interest
in the potential role of TGP as an antifibrotic agent.
The present study was designed to evaluate whether
treatment with TGP exerts any beneficial effect on liver
histopathology and liver function in an experimental model
of immunological hepatic fibrosis, and the mechanism of its
part were also investigated.

MATERIALS AND METHODS
Animal experiments and drug treatment
Sixty adult male Sprague-Dawley rats, weighing 120-150 g
[provided by Shanghai BK Experimental Animal Center
(Grade II, Certificate No D-65)] were employed in the study.
The rats were randomly divided into five groups. A rat
model of hepatic fibrosis was produced by immunologically
attacking with human albumin, using the method introduced
by Wang et al [17]. Ten male Sprague-Dawley rats were
regarded as normal group. The other fifty healthy rats were
randomly divided into four groups including model group,
TGP (60 and 120 mg/kg) treated group and colchicines
(0.1 mg/kg) treatment group with the experimental attacking
as follows.
All rats were injected with 0.5 mL human albumin diluted
with normal saline (0.5 mL equals 4 mg human albumin)
and the same quantity of an incomplete Freund’s adjuvant,
once every 14 d for the first two times, then once every 10 d,
twice. Ten days after the last injection, serum antibody was
measured. Rats with positive serum antibody were chosen
for experiment through tail vein injection of human albumin, twice a week, 2.5 mg each in the first week, with a
gradual increase of 0.5 mg once each to 4.5 mg eventually,
and this dose was maintained for 2 mo. All animals were
killed under anesthesia with ether. Blood sample was collected
from femoral arteries and veins, centrifuged (3 000 r/min
for 10 min), and the serum stored at 4 ℃ until analysis. After
this, the liver was quickly washed in situ with ice-cold isotonic
saline, removed, and divided into two portions, one was for
histological examination, the other immediately frozen in
liquid nitrogen.
In this experiment, the animals were divided into five
groups randomly which included normal group, model
group, TGP (60 and 120 mg/kg) treatment groups and
colchicines (0.1 mg/kg) treatment group. The rats in TGP
or colchicine groups received TGP or colchicine as above
using an 18-gauge stainless steel animal feeding needle from
the first day of tail vein injection of human albumin to the
day prior to killing the rats. The rats in normal and model
groups were fed the same volume of vehicle.
Histopathological examination
Liver tissue sections were fixed in 4 g/L formaldehyde saline
and embedded in paraffin. HE staining was performed
according to the standard procedure. Histological grade of
hepatic fibrosis was determined by a semi-quantitative
method based on the criteria of the Knodell index, scoring
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as the following[18,19], no fibrosis: normal liver and absence
of fibrosis; I, perivenular and/or pericellular fibrosis: A
few collagen fibrils extended from the central vein and portal
tract; II, septal fibrosis: collagen fibrils extension was
apparent but had not yet encompassed the whole lobule;
III, incomplete cirrhosis: collagen fibrils extended into and
encompassed the whole lobule; IV, complete cirrhosis:
diffuse extension of collagen fibrils and pseudo-lobule
formed. Two pathologists who had no knowledge of their
sources examined the stained slides independently. Each
sample was observed at 100×magnification and every
specimen was analyzed containing a centrilobular vein. The
degree of fibrosis was expressed as the mean of 10 different
fields in each slide.
Analysis of liver function
The serum activity of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) and the bilirubin concentration
were estimated by commercially available kits (Nanjing
Jiancheng Institute of Biotechnology, China). Protein concentration was measured according to Lowry et al, using serum
bovine albumin as standard and then the ratio of albumin
and globulin (A/G) was calculated.
Measurement of NO, LN and PC III in serum
Nitric oxide (NO) content in serum was measured by a
microplate assay using Griess reagent, which produces a
chromophore with the nitrite [20]. The serum levels of
procollagen type III (PC III) and laminin(LN) were
determined by radioimmunoassays (Shanghai Navy Medical
Institute, China). The operations were performed according
to the manufacturer’s instructions.
Measurement of MDA, SOD and GSH-px level in liver
homogenates
Livers were thawed, weighed and homogenized with Tris-HCl
(5 mmol/L containing 2 mmol/L EDTA, pH 7.4). Homogenates
were centrifuged (1 000 r/min, 10 min, 4 ℃) and the supernatant
was used immediately for the assays of MDA,GSH-px and
SOD. They were determined following the kit instructions.
In brief, MDA in liver tissue was determined by the
thiobarbituric acid method[21]. The assays for total SOD and
GSH-px were based on their ability to inhibit the oxid-ation
of oxyamine by the xanthine-xanthine oxidase system.
Measurement of hydroxyproline content in liver
Liver collagen concentration was determined by measuring
hydroxyproline content in fresh liver samples using a modification of the method of Jamall et al [22,23], after digestion
with acid, as previously reported. Briefly, liver samples were
homogenized and hydrolyzed in 6 N HCl at 110 ℃ for 18 h.
After filtration of the hydrolysate through a 0.45-mm milli-pore
filter, chloramine T was added to a final concent-ration of
2.5 mmol/L. The mixture was then treated with 410 mmol/L
paradi-methyl-amino-benzaldehyde and incub-ated at 60 ℃
for 30 min. After cooling to room temper-ature, samples were
read spectrophotometrically at 560 nm against a reagent
blank containing no tissue and compared with a standard
curve of known amount of hydroxyproline. The hydroxyproline
content of the liver was expressed as mg/g wet weight.
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Figure 1 Effects of TGP on contents of hydroxyproline of human
albumin-induced fibrotic liver in rats (n = 8, mean±SD) bP<0.01 vs
model group; d P<0.01 vs normal control group.

Statistical analysis
mean±SD were calculated for quantitative data. Significant
differences between means were evaluated by analyses of
variance and in the case of significance, frequency data were
compared using Ridit procedure. A difference was considered
significant at P<0.05.

RESULTS
Effect of TGP on liver function of immunological hepatic
fibrosis
In model group, the level of ALT and AST increased but
had no significant difference compared with normal group,
whereas the ratio of A/G decreased also with no significant
difference. Transaminase activities in TGP or colchicine
treated group tended to decrease, whereas the ratio of A/G
had an increasing tendency and both had no significance
compared with model group (Table 1).
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Effect of TGP on hydroxyproline content in liver homogenates
Hepatic fibrosis was quantified by the measurement
of hepatic hydroxyproline. It was fou nd that the
hydroxyproline content of the model grou p was
significantly higher than that of the normal group.
Treatment with TGP or colchicine effectively prevented
the immunological hepatic fibrosis induced by human
albumin by reducing the hydroxyproline content in liver
homogenates (Figure 1).
Histological results
From Table 2, we can see the significant difference of pathologic grading between the normal and model groups. The
pathologic grading was significantly decreased in TGP or
colchicine treated group.
As shown in Figure 2, the structure of liver tissues was
normal in control group (Figure 2A). In liver tissues from
rats with immunological hepatic fibrosis, hyperplasia of
the lattice fibers and collagenous fibers was observed in
portal area and extended ou twards. Hyperplasia
surrounding the central vein observed was distributed
along hepatic sinuses and associated with each other. The
hepatic lobules were encysted and separated by collagen
bundles. The normal structure of lobules was destroyed
and pseudolobules formed. Infiltration of small numbers
of inflammatory cells was found around the portal area
and central vein (Figure 2B). TGP alleviated lobular
necrosis and significantly lowered collagen content. The
structure of liver tissues was almost normal (Figure 2C).
In colchicine-treated group, hyperplasia of the lattice
fibers and collagenous fibers was also observed in portal
area, but they were alleviated compared with model group
(Figure 2D).

A

B

C

D

Figure 2 Histological results of tissues stained with HE under light microscope. A: Normal group; B: Model group; C: TGP-treated group; D:
Colchicine-treated group.
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Table 1 Effect of TGP on serum ALT, AST activities and A/G value in
immunological hepatic fibrosis rat induced by human albumin. (n = 8,
mean±SD)
Groups

Doses
(mg/kg)

ALT
(U/L)

AST
(U/L)

A/G

Normal

—-

54.63±22.50

61.47±27.81

1.17±0.31

Model
TGP

—60

78.79±15.03
75.67±22.50

94.51±37.30
82.25±17.33

0.90±0.19
0.92±0.21

120

70.61±24.62

75.43±26.94

0.96±0.17

0.1

77.71±27.64

78.99±22.24

0.93±0.18

Colchicine
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Table 3 Effect of TGP on plasma LN and PC III level in immunological hepatic fibrosis rat induced by human albumin. (n = 8, mean±SD)
Groups
Normal
Model
TGP

Effect of TGP on NO production in serum
As shown in Figure 3, when the rats were challenged with
human albumin, the level of NO was elevated significantly.
TGP obviously decreased the NO level while colchicine had
no effect.

DISCUSSION
Hepatic fibrosis is the common consequence of chronic liver
injury of any etiology. Advanced hepatic fibrosis disrupts the
normal liver architecture, causing hepatocellular dysfunction
and portal hypertension. It is of great significance to search
for effective ways to inhibit fibrogenesis and prevent the
development of cirrhosis[24] . Unfortunately, no effective
hepatic antifibrotic therapies are available. Colchicine has
been commonly used for anti-fibrosis, but its side effect is
severe and its clinical application is limited. Medicinally useful

Table 2 Effect of TGP on the pathologic grading of immunological
hepatic fibrosis rat induced by human albumin. (n = 10, mean±SD)
Pathologic grading of hepatic fibrosis
Group

Dose
(mg/kg)

Normal
Model
TGP

–
–
60
120
Colchicine 0.1
a

b

0

I

II

III

IV

10
0
0
0
0

0
0
2
4
3

0
3
5
4
4

0
3
2
2
3

0
4
1
0
0

d

P<0.05, P<0.01 vs model group; P<0.01 vs normal control group.

----60
120
0.1

Colchicine
a

LN
(g/L)

PC III
(g/L)

106.9±25.4
228.0±76.2d
142.1±39.8a
127.1±26.8b
112.6±27.7b

74.4±25.9
294.1±99.2d
174.7±69.5
148.5±68.6a
121.6±32.6b

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal control group.

NO level in serum (mol/L)

Effect of TGP on serum LN and PC III
As expected, serum levels of LN and PC III, the surrogate
markers of liver fibrogenesis, increased significantly in
hepatic fibrotic rats in model group. However, in TGPtreated group they were lower compared with model group.
These data confirmed the histological findings that TGP
could inhibit hepatic fibrogenesis (Table 3).
Effect of TGP on MDA content and SOD, GSH-px activities in
liver homogenates
Hepatic lipid peroxidation, measured as thiobarbituric acid
reactive substance (MDA), was significantly increased in
fibrotic rats while liver SOD and GSH-px activities decreased.
TGP treatment significantly blocked the increase in MDA
and was associated with a partial elevation in liver total
antioxidant capacity including SOD and GSH-px (Table 4).
In colchicine-treated group, only MDA content was lower
than model group.

Doses
(mg/kg)

b

120
100
80

a

a

60
40
20
0

Normal

Model

TGP (60) TGP (120) Colchicine

Figure 3 Effects of TGP on NO level in immunological hepatic
fibrotic rats (n = 8, mean±SD), aP<0.05 vs model group; bP<0.01 vs
normal control group.

plants including traditional Chinese herbs are well known
for their cheap prices and negligible side effects and have
particular potential in the treatment of hepatic fibrosis[25,26].
In this study we firstly established the animal model of
immunological hepatic fibrosis. The histological results
showed that the normal structure of lobules was destroyed
and pseudolobules formed, which were similar to the pathology
of chemical hepatic fibrosis induced by long-term administration of carbon tetrachloride. Moreover, LN and PC III
are known to be good serum markers of hepatic fibrogenesis, thus the increased hydroxyproline content in liver and
serum LN and PC III also confirmed the hepatic fibrogenesis
in rats. Unlike the severe hepatocyte necrosis and inflammation induced by CCl4 toxicity, the ALT or AST released
from hepatocytes did not increase and less immigration of
inflammatory cells in liver indicated the mild inflammation
in rat with immunological hepatic fibrosis induced by human
albumin. Those results are in accordance with the findings
of immunological hepatic fibrogenesis[17]. The present study
demonstrated that administration of TGP was effective in

Table 4 Effects of TGP on MDA levels, SOD and GSH-px activities
liver homogenates in of immunological hepatic fibrotic rats (n = 10,
mean±SD)

P

Groups

–
0.000d
0.043a
0.006b
0.016a

Normal
Model
TGP
Colchicine
a

Doses
(mg/kg)
60
120
0.1

MDA
(nmol/mg pr)

SOD
(U/mg pr)

GSH-Px
(U/mg pr)

1.88±0.73
4.34±1.12d
2.41±0.85b
2.21±0.89b
3.02±0.68a

142.33±41.00
81.95±26.48 d
116.95±32.18
136.53±36.15 a
101.19±44.47

101.00±28.70
50.64±15.28 d
73.70±16.60
83.64±26.16 a
69.80±23.65

P<0.05, bP<0.01 vs model group; dP<0.01 vs normal control group.
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treating hepatic fibrosis in rats based on both histological
examination and functional analysis. The results obtained
provide a basis for further studies on the potentially protective
effect of TGP on liver function in cirrhotic patients.
Increasing experimental evidence suggests that reactive
oxygen species (ROS) such as H2O2, O·2-, and OH•, are
implicated in the development and pathological progress
of hepatic fibrosis[27-30] . Under normal conditions, low
amounts of ROS are produced as by-products of the aerobic
respiration. At high doses, ROS are noxious to the cells
leading to impaired metabolic functions, growth inhibition,
and ultimately cell death. Cells therefore employ several
antioxidant enzyme systems to maintain low levels of ROS,
which plays a key role in hepatic fibrosis[29]. Increased ROS
and resulting oxidative stress are commonly detected in livers
from patients with alcohol abuse, hepatitis C virus infection,
iron overload, or chronic cholestasis, as well as in most types
of experimental liver fibrogenesis[31] . Oxidative stress, in
particular, lipid peroxidation, induces collagen synthesis. It
also acts as a signaling mediator for transforming growth
factor (TGF)-, and plays a major role in hepatic fibrosis.
Hepatic stellate cells produce and respond to TGF- in an
autocrine manner with increased collagen expression.
Consequently, antioxidants, particularly those of plant origin,
have emerged as potent antifibrotic agents. Previous and
recent findings on the antifibrotic potential of plant-derived
antioxidants could attenuate hepatic fibrosis in rodents and
may exert beneficial effects in patients with chronic liver diseases.
Our previous study showed that TGP attenuated inflammation and ROS and TGP inhibited hydrogen peroxide
(H 2O 2) were released from peritoneal macrophages in
adjuvant arthritis (AA) rats[15]. It was also found that treatment
of AA rats with TGP (50 mg/kg) ig (14-28 d) could counteract
the elevated level of MDA and NO and the lowered activities
of SOD and GSH-px. The hemolytic action of H2O2 is
related to the induction of lipid perox-idation and glutathione
depletion in human erythrocytes. TGP (0.5-2.5 mg/L) could
significantly inhibit hemolysis, lipid peroxidation, and
glutathione depletion induced by H2O2. In vitro, TGP could
scavenge OH·and O·2-[9-15]. In the experimental model of
human albumin-induced fibrosis, hepatic injury occurs with
an increased generation of ROS that causes lipid
peroxidation. In addition to being a product of lipid
peroxidation, oxidative stress may result from deran-gement
of antioxidant defenses including SOD and decr-eased
GSH-px activities. Inverse correlations between antioxidant
enzymes and pathology scores and/or lipid pero-xidation
have been found in rats with CCl4-induced cirrhosis, biliary
obstruction, or alcoholic liver disease[30-32]. Beneficial effects
and diminished hepatic fibrosis by TGP may be partially
related to the preservation of antioxidant enzymes defenses
and reduction of lipid peroxidation, but colchicine treatment
only significantly inhibited malondialdehyde[33]. Changes in
nitric oxide (NO) production may also play a role in the
TGP-induced prevention of liver damage in cirrhotic rats.
NO has been shown to react with superoxide generating
the strong oxidant peroxynitrite, which can initiate lipid
peroxidation or cause a direct inhibition of the mitoch-ondrial
respiratory chain[34]. TGP was found to inhibit prod-uction
of NO in this human albumin induced immun-ological hepatic
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fibrotic rats.
In conclusion, TGP could greatly retard the progression
of experimental immunological hepatic fibrosis through
inhibition of collagen synthesis and decreasing oxidative
stress. Therefore, it is a potentially new antifibrotic drug for
clinical application.
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Abstract
AIM: To investigate the combined effect of STI571 and
p27 gene clone on the regulation of proliferation, cell cycle
and apoptosis of K562 cell line.
METHODS: p27 gene was obtained by RT-PCR, and its
sequence was approved to be correct. Then p27-pcDNA3.1
vector was constructed and transfected into K562 cell line.
p27-pcDNA3.1-K562 cell clone was screened by G418 after
transfection, p27 protein was identified by Western blot.
MTT was used to detect the survival rate of the cell. Flow
cytometry was used to detect cell cycle and apoptosis index.
RESULTS: The expression of p27 protein could be detected
by Western blot in p27-pcDNA3.1-K562 cells. A strong
inhibition of cell proliferation was observed in p27-pcDNA3.1
-K562 cells as compared with that of the control (pcDNA3.1
-K562 cells). The cells at G0/G1 phase were significantly
increased, and cells at S phase were greatly declined.
The apoptosis index was increased greatly after p27pcDNA3.1-K562 cells were treated with STI571, and
survival rate of the cell was markedly declined (0.35-0.58,
P<0.05-0.048 vs STI571-K562 cell, 0.35-0.72, P<0.01-0.001
vs p27-K562 cell).
CONCLUSION: p27 and STI571 have a synergistic action
on inhibition of proliferation and induction of apoptosis on
K562 cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
STI571, a tyrosine kinase inhibitor used in clinic, can inhibit
the tyrosine kinase of P210 protein encoded by BCR-ABL
(Breakpoint cluster region and Abelson leukemia virus
oncogene) fusion gene with a high selectivity[1,2]. Only the
tyrosine kinase of platelet-derived growth factor[3,4] is inhibited
at a similarly low concentration. This activity is believed
essential for malignant transformation[5]. So it has an optimal
therapeutic action on K562 cell line and sets up an epoch
era in molecular targeted therapy. But multidrug resistance,
recurrence and poor curative effect to acute phase cells were
its major problems[6-8]. So combined therapy should be a
new direction for future therapeutic development. p27 is
an important member of the cyclin-dependent kinase
inhibitor family and has been reported as a tumor suppressor
gene[9,10], and its deletion, mutation or down-regulation play
an important role in tumorigenesis[11,12]. So combined treatment
of p27 and STI571 may exert an obvious therapeutic effect
on K562 cells.
MATERIALS AND METHODS
Materials
STI571 was kindly provided by Novartis Company (Basel,
Switzerland). A 1.0 mmol/L stock solution of STI571 in distilled
water was prepared, filtrated and sterilized. pcDNA3.1
eukaryote expression plasmid was purchased from Invitrogen
Company. E.coli JM109 cell strain was kindly provided by
Biochemistry and Molecular Biology Laboratory of The
Fourth Military Medical University (Xi’an, China). Digestion
enzymes EcoRI and HindIII, Taq DNA, reverse transcriptase,
and T4 ligase were purchased from Santa Cruz or Sangon
Company. TRIzol RNA reagent and DNA purifying reagent
were from Invitrogen Company. Mouse monoclonal antibody
against p27 and goat anti-mouse antibody were purchased
from Santa Cruz Company.
Cell culture
K562 cells (containing BCR-ABL fusion gene, expressing
P210 protein [13]) were grown in RPMI1640 medium
supplemented with 10 mL/L fetal calf serum, penicillin,
streptomycin, and L-glutamine, at 37 ℃ in an incubator
containing 50 mL/L CO2.
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Primer sequences to amplify p27 gene
Upstream primer (5’GTAAGCTTATGTCAAACGTGCGAGTGTCTA3’) and downstream primer (5’TGGAATTCTTACGTTTGACGTCTTCTGAGG3’) were used to
amplify p27 gene. The sequences of upstream and downstream
primers contained restriction sites of HindIII and EcoRI
(restriction endonuclease) respectively in order to digest PCR
products or vectors. The PCR product of these primers was
about 600 bp in length.
RT-PCR
Total RNA was extracted from peripheral blood mononuclear
cells (PMC) with TRIzol reagent following the manufacturer’s
instructions. Then 2.0 g of total RNA was reverse transcribed
with M-Mulv reverse transcriptase and oligo(dT). PCR
reaction mixture (25 L) containing 0.2 g of cDNA, 0.5 L
of 10 mmol/L dNTP, 10 pmoL of each primer and 1 U Taq
polymerase was subjected to 30 amplification cycles, each
cycle consisting of denaturation at 94 ℃ for 45 s, annealing
at 55 ℃ for 40 s, and extension at 72 ℃ for 1 min. An
additional extension at 72 ℃ for 30 min was performed.
PCR products were electrophoresed on 1% agarose gels
and stained with ethidium bromide (EB). Photographs of
EB-stained gels were taken.
Southern blot analysis
Total RNA was extracted from PMC and K562 cells
respectively, and reverse transcribed into cDNA, and
quantified by absorbance at 260 nm, then 20 g of cDNA
was electrophoresed on 0.8% alkalescence agarose gels.
DNA was transferred to Hybond-N membranes and
subjected to Southern blotting. DNA was fixed in HybondN membranes by ultraviolet irradiation. Hybridized
membranes were wetted with 6× SSC, and then pre-hybridized
for 3 h at 68 ℃. Then denaturalized probes were joined
and hybridized with DNA overnight at 68 ℃. Hybridized
membranes were washed with 2× SSC/0.1% SDS and
0.2× SSC/0.1% SDS twice and reserved at -70 ℃ for 5-7 d.
p27 was detected by hybridization with its respective
full-length 32P-labeled PMC cDNA probes and imaged by
autoradiography[14].
Purification of PCR products from gel
After PCR products were separated by electrophoresis,
positive agarose gels were sliced, and then PCR products
were purified and call backed using a DNA purifying kit,
and deposited by ethanol.
T vector ligation and DNA sequence test
Reaction mixture contained 5 L of purified DNA, 1 L
of T vector, and 4 L of rapid ligation fluid. After being
incubated at 16 ℃ for 4 h, the mixture was transduced into
JM109 cell strain. The transduced cells were detected by staining
with 5-bromo-4 chloro-3 indolyl -D-galactopyranosides (Xgal). A white positive clone was chosen and sent to Sagon
Company to test its sequence.
Construction of K562-p27-pcDNA3.1 cell line
pcDNA3.1 and T-p27 vectors were digested with HindIII
and EcoRI. Then pcDNA plasmid and p27 were ligated
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with T4 ligase. After pcDNA-p27 vector was transduced
into JM109 strain, the positive clones were used to pick-up
plasmids, which were transfected into K562 cells with lipofectine
as previously described. After 48 h, the cells were cultured
in RPMI1640 medium containing G418 (500 mL/L) for
28 d to select the stably transfected positive clones [15]
(pcDNA3.1-p27-K562 cell clone).
Western blot analysis
Western blot extracts were prepared by lysing K562 cells with
lysis buffer[16] (20 mmol/L HEPES, pH 7.9, 150 mmol/L
NaCl, 1.0 mmol/L MgCl2, 5 mmol/L EDTA, pH 8, 0.1%
nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS,
50 mmol/L NaF, 5 mmol/L sodium orthovanadate) on ice
for 20 min. Fifty micrograms of lysate was separated by
SDS-polyacrylamide gel electrophoresis, transferred onto
nitrocellulose membranes, and specific proteins were recognized
by mouse moloclonal antibody against p27 and cyclin-E.
Membranes were incubated for 1 h at room temperature with
mouse moloclonal antibody against p27 and cyclin-E. After
three washes in TBS-T (Tris 10 mmol/L, NaCl 50 mmol/L,
Tween 0.005%, pH 8.0), membranes were incubated for
1 h at room temperature with goat anti-mouse IgG horseradish
peroxidase-linked at 1/3 000 final dilution. After three
washes in TBS-T, membranes were revealed with the enhanced
chemiluminescent detection system[17] (Pierce Biotech).
MTT assay
Cells (5×10 4/L) were put in each well of a 96-well plate,
and divided into p27 group, STI571 group, p27 and STI571
group. Each group had six different concentrations of cells,
and each concentration of cells was put in three wells to
calculate the average value. The cells were cultured for 5 d
and the cells were calculated everyday to determine the
growth inhibition and survival rate of the cells.
Flow cytometry analysis
After p27-pcDNA vector was transfected into K562 cells,
the cells were treated with STI571. After 48 h, the cells were
collected by centrifugation, washed twice with phosphatebuffered saline, and permeabilized in 70 mL/L ethanol
(-20 ℃). The permeabilized cells were incubated with
50 g/mL of propidium iodide, 0.1 g/mL of Rnase A,
0.1% Nonidet P-40, and 50 g/mL trisodium citrate for
30 min prior to analysis using a Becton Dickinson FACSort
analyzer.
Statistical analysis
One-way ANOVA was used to compare the data between
groups, and Dunnett’s t test was used to compare the data
within each group by using SPSS11.0 statistic software.

RESULTS
p27 gene amplified by RT-PCR
The complete cDNA sequence of p27 gene was amplified
from PMC by RT-PCR to construct p27-pcDNA3.1
recombinant vector, and RT-PCR products were electrophoresed in 1% agarose gels and stained with EB. The
amplified DNA fragments (about 600 bp) were completely
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Figure 1 p27 gene amplified from PMC and K562 by RT-PCR. Lane1:
DGL2000 DNA marker, Lane2: P27 gene amplified from peripheralblood mononuclear cells (about 750 bp), and lane3: P27 gene amplified from K562 cells.

Figure 3 Digestion pattern of P27-pcDNA3.1 vector with EcoRI and
HindIII. Lane1: Digestion pattern of P21-K562-pcDNA3.1 vector
(about 600 bp); Lane2: Digestion pattern of P21-PMC-pcDNA3.1
vector (about 600 bp); and lane3: DGL2000 DNA marker.

consistent with p27 gene full-length cDNA. Meanwhile a
DNA fragment (about 600 bp) was amplified from K562
cells using the same primers (Figure 1).

transfected into K562 cells by using lipofectine for 2 wk, a
cell line stably expressing p27 protein was established. In
this cell line, p27 protein expression was proved by Western
blot, whereas cyclin-E protein expression was decreased.
Protein quantity analysis was performed by Lowry’s method,
and -actin was used as an internal control (Figure 5).

Detection of p27 gene by Southern blot
p27 gene deletion in K562 cells was proved by Southern
blot (Figure 2).
Plasmid reconstruction
The complete cDNA sequence of p27 gene amplified from
PMC and pcDNA3.1 vector was digested with HindIII and
EcoRI, and ligated with T4 ligase, and the recombinant p27pcDNA3.1 vector was constructed. The recombinant vector
was digested with HindIII and EcoRI. The size of digested
DNA fragments was completely consistent with p27 gene
full-length cDNA (Figure 3).
p27 gene sequence analysis
p27 gene amplified from PMC was ligated with PUC18-T
vector to test p27 gene sequence, and the result proved
that its sequence was correct with the designed p27 gene
sequence (Figure 4A). Meanwhile the tested sequence of
DNA fragments amplified from K562 cells was absolutely
incorrect with p27 gene (Figure 4B). That means it was a
non-specific amplification. Thus p27 gene deletion in K562
cells was proved.
Establishment of K562-p27-pcDNA3.1 cell line expressing p27
protein
After p27-pcDNA3.1 recombinant vector was stably

1

2

3

Figure 2 p27 gene deletion in K562 cells proved by Southern blot.
Lane1: Positive (P27 gene probe hybridized with PMC), lane2: Negative (P27 gene probe hybridized with K562 cells), and lane3: Positive (P27 gene probe hybridized with stomach tissue).

Cell cycle and apoptosis by flow cytometry
The number of S phase cells was increased in the control
K562 cells. The percentage of cells was 30.2% in G1 phase,
57.4% in S phase and 12.3% in G2/M phase. After p27pcDNA3.1 recombinant vector was transfected into K562
cells, the percentage of S phase cells was significantly
decreased, while the percentage of G1 phase cells was
increased apparently, indicating that p27 gene could inhibit
K562 cell proliferation and decrease S phase cells by cell
cycle arresting in G1 phase. When K562 cells were treated
with STI571 for 48 h (>0.5 mol/L), apoptosis apex could
be observed in flow cytometry map, and it increased with
the increase of STI571 concentration. STI571 could induce
apoptosis in a dose-dependent manner. In control K562 cells,
apoptosis apex was not observed when the concentration of
STI571 was 0.25 mol/L. But in K562-p27-pcDNA3.1
cells, apoptosis apex (32.4%) was observed when treated
with the same concentration of STI571 (0.25 mol/L) for
48 h, and the percentage of S phase cells was decreased
apparently, suggesting the synergistic action of p27 and
STI571 on induction of apoptosis and inhibition of
proliferation of K562 cells (Figure 6).
Cell growth analysis
MTT assay showed that K562 cells proliferated rapidly and
the population doubling time was about 18-24 h. Little change
was found in growth rate when control pcDNA3.1 vector
was transfected into K562 cells, but the growth rate of K562
cells transfected with p27-pcDNA3.1 was apparently slower
than that of the control K562 cells, and the population
doubling time was about 48-60 h, indicating that p27 protein
could inhibit K562 cell proliferation. STI571 could also
apparently inhibit K562 cell proliferation, and the cell survival
rate declined in a time-dependent manner. When p27pcDNA3.1-K562 cells were treated with STI571, the cell
survival rate was markedly decreased compared to K562
cells treated with STI571 or p27-pcDNA3.1-K562 cells,
suggesting that p27 and STI571 had a synergistic action on
inhibiting K562 cell proliferation (Figure 7).
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Figure 4 Gene sequences in p27-PMC-pcDNA3.1 vector (A) p27-K562-pcDNA3.1 vector (B).

activity leading to the arrest of K562 cells in G0/G1 phase.
Cells could not get across the G1/S checkpoint[20] to enter
S phase. As replication of DNA is in S phase, so the decrease
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Figure 5 Expressions of p27 and cyclin-E protein observed by Western blot 1: positive control of -actin; 2: control of -actin in K562
cells; 3: -actin in p27-pcDNA3.1-K562 cells; 4: Positive control of
p27; 5: positive expression of p27 in P27-pcDNA3.1-K562 cells; 6:
positive expression of cyclin-E in K562 cells; 7: decrease of cyclin-E
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DISCUSSION
p27 gene is a member of CDK-interacting protein/kinase
inhibitor protein family, and could combine with cyclin-E/
CDK2 or cyclin-D/CDK4 to inhibit its kinase activity[18,19].
We constituted a p27-pcDNA3.1 vector and transfected it
into K562 cell line and found that the growth rate of p27pcDNA3.1-K562 cells was apparently lower than that of
control K562 cells. Cell cycle analysis indicated that transfected
cells were arrested in G0/G1 phase, Western blot analysis
showed that cyclin-E protein expression was decreased,
suggesting that p27 gene mainly inhibits cyclin-E/CDK2
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Figure 6 Cell cycle and apoptosis of K562 affected by STI571 and
P27 1: Cell cycle of control K562 cells; 2: Cell cycle of K562 cells
affected by P27; 3: Cell cycle of K562 cell affected by 0.25 mol/L
STI571; and 4: Cell cycle and apoptosis of K562 cells affected by
STI571 and P27.
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groups), bP<0.01 vs p27-k562 cell, and cP<0.05 vs STI571-k562 cell.
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of DNA replication inhibited cell growth. p27 and STI571
showed a synergistic action on inhibition of cell proliferation,
and the mechanism might be associated with the cell cycle
regulating function of STI571. Deininger[21] and Jonuleit[22]
discovered that STI571 could down-regulate cyclin-E and
cyclin-D and make over-expression of S phase cells return
to normal level.
Our experiments demonstrated that p27 combined with
STI571 had a synergistic action on induction of apoptosis
of K562 cells. There are different opinions on the apoptosis
induction by p27. Eymin[23] found that p27 could inhibit
apoptosis induced by drugs because leukemia cells could
induce hydrolysis of p27 and the hydrolytic products, p23
and p15 had an inhibition function on apoptosis. Barata[24]
found that over-expression of p27 could inhibit Bcl-2 expression
induced by IL-7, thereby inducing apoptosis of leukemia
cells. Patel[25] found that adenovirus-mediated p27 transfection
could induce apoptosis of many cancer cell lines, and the
results of Schreiber[26] and Craig[27] were similar. So whether
p27 promotes or inhibits apoptosis depends on its hydrolytic
state, cell types and states. The maladjusted relation of BCRABL and p27 plays an important role in the progress of K562
cells. Parada[28] found that BCR-ABL could downregulate
p27 protein expression and mRNA level, mainly by inhibiting
the phosphatidylinostiol-3-kinase (PI3K) signal pathway and
by decreasing the degradation of p27. STI571 could inhibit
the expression of some cyclins such as cyclin-D, cyclin-A,
cyclin-E, which could relieve the inhibition function of cyclins
to p27[29]. So p27 gene transfected into K562 cells not only
could reconstruct the regulation of cell cycle pathways, but
also strengthen the apoptosis-inducing function of p27 after
combining with STI571, suggesting that p27 and STI571
has a synergistic action on apoptosis induction.
p27 gene clone combined with STI571 can not only
inhibit cell proliferation and induce apoptosis, but also induce
cell differentiation as shown by Fang [30] and Caslini [31]
independently. STI571 and p27 gene used in combination
may have an important therapeutic significance.
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217.0±29.4 IU/L vs 155.0±15.6 IU/L for ALT and AST
respectively, P<0.05) and after 48 h than those of DOX
group (66.6±18.1 IU/L vs 43.3±16.7 IU/L, 174.4±21.3 IU/L
vs 125.7±10.5 IU/L for ALT and AST respectively, P<0.05).
CONCLUSION: Doxorubicin renders the liver to be tolerant
to the hepatic influence in SFC in a porcine model through
the NF-B/IB- pathway with the expression of HSP72.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To provide hepatic protection through administration
of doxorubicin before stop-flow chemotherapy (SFC) and
to investigate the expression of heat shock protein 72
(HSP72) and role of nuclear factor kappa B (NF-B) in
this effect.
METHODS: The hepatic preconditioning of doxorubicin
was established in a porcine model by injection of doxorubicin
(1 mg/kg) before SFC. The experimental animals were
randomized into two groups: groups receiving doxorubicin
(DOX) and normal saline (NS). Serial serum and tissue
samples were taken from both groups to evaluate the
protection of doxorubicin. Western blot and immunoprecipitation were applied to detect the expression of
HSP72, NF-B p65 protein, inhibitor B- (IB-) and
phosphorylated IB- as well. The expression of tumor
necrosis factor  (TNF-) was estimated by semiquantitative
RT-PCR. And the extent of the hepatic injury was estimated
with the level of serum aminotransferases.
RESULTS: An abundance production of HSP72 in porcine
liver was observed after 24 h of intravenous administration
of doxorubicin, but without any change in the expression
of NF-B p65 subunit in cytoplasm. NF-B p65 subunit
accumulated in nuclei at the end of SFC and reached its
highest level at 30 min after the restoration of the abdominal
circulation and decreased gradually during the 6 h after
SFC in NS group, while there was little change in DOX
group. There was also a slight decrease of IB- at 30 min
after the restoration of the abdominal circulation in NS
group accompanying with the appearance of phosphorylated
IB-. The expression of TNF- was significantly higher in
NS group than that in DOX group (average 1.40±0.17 vs
0.62±0.22, P<0.01) at serial time points after SFC. Serum
ALT and AST levels of NS group were higher after 24 h
than those of DOX group (93.2±7.8 IU/L vs 53.3±13.9 IU/L,
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INTRODUCTION
Although the surgical excision is currently the most ideal
treatment for abdominal cancer, its application in the
management of malignant disorders in the advanced stage
is limited. The severe untoward effects, however, preclude
the administration of high-dose chemotherapeutic drugs
systematically. So it is rationale to perform regional
chemotherapies to increase the local tumor cells’ exposure
to the chemotherapeutic agents and obviate the toxic effect
on other organs and tissues. As one of the newly developed
means of regional chemotherapies, the stop-flow chemotherapy
(SFC) procedure blocks the blood supply of tumor bearing
tissues with inflated balloons and provides higher local
concentration of chemotherapeutic medicines than intraarterial and intravenous drugs injection[1-4].
Taking the entire abdominal cavity as target territory,
the clinical trial of SFC in the treatment of upper digestive
tract cancer is rather optimistic; however, some modifications
are indicated, especially the protection of some vital organs,
such as liver, kidney and pancreas, which are subjected to
hypoxia and chemotherapeutic agents during the process.
The liver, which is highly sensitive to short period of hypoxia,
may suffer from another injury upon re-oxygenation. It has
been suggested that the ischemic/reperfusion injury is
initialized by over production of active oxygen species upon
re-exposure to the oxygen. The oxygen stress will impair
the balances among members of NF-B family and increase
the expression of various inflammatory factors, such as
TNF- and IL-1[5-10], which propagate the inflammatory
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response and cause sequestration of polymorphonuclear
neutrophils in liver. And there are abundant evidences
supporting that ischemia/reperfusion injury can be alleviated
by interfering the activation of NF-B in various organs
including liver[11-13].
Thus we propose that the hepatic influence caused by
SFC should be related to the activation of NF-B and
inhibition of this activation through induction of HSP72
via intravenous administration of doxorubicin can mitigate
this influence.

MATERIALS AND METHODS
Materials
Stop-flow balloon catheters and Gambro roller were
purchased from PfM (Germany). TRIzol reagent was
purchased from Invitrogen Life Technologies (USA). Reverse
transcription system was from Promega (USA). BCA Protein
Assay Reagents and Seize X Immunoprecipitation Kit were
from Pierce (USA). All antibodies were purchased from
Santa Cruz (USA).
Animals and grouping
Healthy female hybrid prepubertal pigs weighing 25.0±4.4 kg
were employed in accordance with the guideline for animal
research and were approved by the Ethical and Research
Committee of the hospital. Twelve pigs were randomized
into two groups, six animals in each. Animals in preconditioning
and SFC group (DOX group) were anesthetized with an
intramuscular injection of ketamine hydrochloride and
doxorubicin (DOX) 1 mg/kg was then injected through
peripheral veins. After recovery for 24 h, animals were
subjected to SFC as described below. Meanwhile, animals
in SFC group (normal saline (NS) group) were the same as
in DOX group, but were injected with NS instead of DOX.
Stop-flow chemotherapy procedure
After overnight fast, all animals were subject to intravenous
anesthesia with orotracheal intubation and controlled
mechanic ventilation. A midline incision was performed.
The abdominal aorta and inferior vena cava were exposed
and separated about 2-3 cm. After systemic heparinization
with 0.75 mg/kg of heparin, the abdominal aorta and
inferior vena cava were clamped by Satinsky clamps just
above the aortic and venous bifurcation. Then two small
incisions were made above the clamp sites of the abdominal
aorta and inferior vena cava, respectively. The isolation of
abdomen was achieved by insertion of two 3-lumen stopflow balloon catheters (PfM, Cologne, Germany) into the
abdominal aorta and inferior vena cava respectively. The
balloons were positioned above the celiac axis and hepatic
venous under fluoroscopic control and filled with NS. As
soon as the inflation of balloons, mitomycin C was perfused
through an extra-corporeal circuit connected to both
catheters at the dosage of 0.2 mg/kg, the Gambro roller
(PfM, Cologne, Germany) was then started and the flow
rate was adjusted at about 100 mL/min. No oxygen was
added to this extra-corporeal circuit. After a total of 20-min
hypoxic perfusion, the circulation to abdomen was restored
by deflation of the balloons in aorta and inferior vena cava.
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The catheters were extracted after a brief stabilization period
and the incisions were sutured. The circulation of hind legs
was recovered by unclamping the Satinsky clamps. After
the biopsies of liver tissue and blood samples were taken,
the abdominal cavity was lavaged and the incision was
sutured.
The hepatic biopsies were collected before, at the end
of SFC and at 30 min, 3 and 6 h following the restoration
of the abdominal circulation. Hepatic biopsy’s sites were
rotated randomly, but were in all cases as remote from
each other as possible. The liver tissues were frozen
immediately in liquid nitrogen and stored at -80 ℃ until
analyzed. Peripheral blood samples were taken before, at
the end of SFC and at 30 min, 3, 6, 24, 48 h and 7 d
following the restoration of the abdominal circulation. Blood
samples were centrifuged at 4 000 r/min immediately after
taken from peripheral veins. Serum was separated and stored
in aliquots at -80 ℃ until analyzed. All animals were killed
at d 7 after SFC.
Semiquantitative RT-PCR
Total RNA was extracted using TRIzol reagent (Invitrogen,
USA) from stored liver tissues at each given time point and
2 g of it was reversely transcribed to complementary DNA
(cDNA) using a reverse transcription system according to
the manufacturer’s guide (Promega, USA). An aliquot of
1 L of cDNA products was amplified using specific
primers for TNF- and -actin as described below. And
housekeeping gene (-actin) was amplified as internal control
to verify the equal loading of RNA and cDNA in the reverse
transcription and PCR creations.
PCR primers were as follows: TNF- sense, 5’-atcggcccccagaaggaagag-3’ and TNF- antisense, 5’-gatggcagagaggaggttgac-3’ to give a 351-bp product; -actin sense, 5’ggacttcgagcaggagatgg-3’ and antisense, 5’-gcaccgtgttggcgtagagg-3’ to give a 233-bp product. All primers spanned
at least one intron of genomic DNA. Eight microliters of
each PCR products were electrophoresed in a 2% agarose
gel and stained with ethidium bromide. The intensities of
the specific bands were analyzed to determine whether the
differences were statistically significant.
Preparing for cytoplasmic and nuclear extracts
Frozen liver tissues were homogenized in 1 mL of
homogenization buffer A [10 nmol/L HEPES (pH 7.9),
1.5 mmol/L MgCl2, 10 mmol/L KCl, 0.5 mmol/L DTT,
0.2 mmol/L PMSF, 0.1 mmol/L EDTA] on ice. The
homogenates were incubated for 15 min on ice and
centrifuged at 14 000 g for 15 min. The supernatants were
stored at -80 ℃ as cytoplasmic extracts. The pellet was
further suspended in ice-cold buffer B [20 mmol/L HEPES
(pH 7.9), 1.5 mmol/L MgCl2, 10 mmol/L KCl, 0.42 mol/L
NaCl, 25% glycerol, 0.5 mmol/L DTT, 0.2 mmol/L PMSF,
0.2 mmol/L EDTA] and incubated for 30 min on ice with
frequent vortex. After the suspensions were centrifuged at
14 000 g for 15 min, the supernatants were collected as
nuclear extracts in aliquots and stored at -80 ℃.
Western blot and immunoprecipitation/Western blot analysis
Western blot was applied to determine the expression of
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Figure 1 Western blot analysis of HSP72 (A) and NF-B p65 subunit
(B) in liver cytoplasmic extracts before SFC in NS and DOX groups.

HSP72, NF-B p65 subunit and I-B in liver tissues. In
brief, the protein contents of cytoplasmic and nuclear
extracts were measured by a BCA protein assay (Pierce, USA),
and 100 g per lane was separated on a denaturing 10%
SDS-PAGE gel (Laemmli). The proteins were then transferred
to a nitrocellulose membrane (HybondTM-C, Amersham,
UK) using a semi-dry transfer system (BioRad, USA). The
membrane was stained by Ponceau S to check for the
efficiency of transfer and subsequently blocked by 2% BSA
for 1 h at room temperature. Membrane was then washed
thrice for 5 min in TBS and then incubated for 2 h at room
temperature with polyclonal goat anti-HSP72 antibody,
polyclonal rabbit anti-p65 antibody, and polyclonal rabbit
anti-IB- antibody in TBS. The membrane was washed
thrice for 10 min in TBS and incubated with an appropriate
secondary antibody (anti-goat or anti-rabbit) coupled to
alkaline phosphatase in TBS. After the membrane was
washed thrice for 10 min, it was developed with NBT/
BICP staining kit (Sino-American, China) according to the
manufacturer’s protocol.
The immunoprecipitation was performed using a
commercial immunoprecipitation kit (Pierce, USA) according
to the manufacturer’s guide. After immunoprecipitation, the
products were analyzed by Western blot as described above.
An antibody, polyclonal rabbit anti-p-IB- antibody, special
for phosphorylated inhibitor B- (IB-) was applied to
detect the phosphorylated IB-.
Serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) assay
ALT and AST were determined according to the manufacturer’s
protocols. The serum levels of ALT and AST in serum were
analyzed to determine whether the differences were statistically
significant.
Statistical methods
Experimental results were expressed as mean±SD. SPSS
statistical package was applied. Statistical comparisons were
made using a general linear model (SNK). P value less than
0.05 was considered statistically significant.

RESULTS
The expression of HSP72 and NF-B p65 subunit after
intravenous administration of doxorubicin
After 24 h intravenous administration of doxorubicin
(1 mg/kg), we observed a substantial production of HSP72
in liver tissue (Figure 1A, lane 2), whereas there was a minor
expression in liver in NS group (Figure 1A, lane 1). But

Figure 2 Western blot analysis of NF-B presentation (A) in liver
nuclear extracts, IB- expression (B) and immunoprecipitation/
Western blot analysis of p-IB- expression (C) in liver cytoplasmic
extracts at different time points, i.e. before SFC, at the end of SFC
(20 min), 30 min after the restoration of the abdominal circulation,
3 h after the restoration of the abdominal circulation, 6 h after the
restoration of the abdominal circulation. WB, Western blot, IP,
Immunoprecipitation.

there was no observed change in the expression of
cytoplasmic NF-B p65 subunit between NS group and
DOX group (Figure 1B), suggesting that administration of
doxorubicin could induce the expression of HSP72 in liver
and did not alter that of NF-B p65 subunit in porcine
liver.
The presence of NF-B p65 subunit in nuclear and the
phosphorylation of IB-
The dynamic change of NF-B p65 subunit presenting in
hepatic tissue nuclear extracts is shown in Figure 2A. The
p65 subunit of NF-B was absent in the nuclei in both NS
and DOX groups. But it began to accumulate in nuclei at
the end of SFC in NS group, reached its highest level in
30 min after the restoration of abdominal circulation and
then decreased gradually. Compared with NS group, there was
little change of p65 subunit in DOX group at corresponding
time points. Thus we investigated the IB- level in cytoplasm
at these time points and tried to figure out the relationship
between NF-B p65 and its inhibitor. A slight decrease of
IB- in cytoplasm was noticed at 30 min after the restoration
of the abdominal circulation and then recovered at following
time points in NS group. In contrast to this, IB- level in
DOX group remained constant during SFC (Figure 2B).
Then we performed immunoprecipitation to evaluate the
phosphorylation course of IB- during and after SFC
procedure. The phosphorylated IB- solely appeared at
30 min after the restoration of the abdominal circulation in
cytoplasm in NS group, which was consistent with the slight
decrease of IB- (Figure 2C).
Transcription of TNF- mRNA
The transcriptional activity of NF-B downstream gene, TNF, was evaluated by semiquantitative RT-PCR (Figure 3).
According to the difference of activated NF-B between
NS and DOX groups, the transcriptional activity of TNF-
mRNA in DOX group was significantly lower than that in
NS group at different time points (average 1.40 vs 0.62 for
NS vs DOX respectively, P<0.01).
Serum level of ALT and AST
The serum level of ALT and AST of NS group was
significantly higher than that of DOX group at 24 and 48 h
after SFC (P<0.05, Figure 4).
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Figure 3 Semiquantitive RT-PCR analysis of -actin (A) as an internal control and TNF- mRNA (B) expression in liver tissues at different time points, i.e., before SFC, at the end of SFC (20 min), 30 min
after the restoration of the abdominal circulation, 3 h after the
restoration of the abdominal circulation, 6 h after the restoration of
the abdominal circulation, and the ratio between the expression of
TNF- mRNA at different time points and the expression of TNF-
mRNA (C).

DISCUSSION
Although a lot of work has been done in hepatic ischemia/
reperfusion injury, little is known at such a particular situation
that liver was under hypoxia and low-flow but not no-flow
in SFC procedure. We have previously shown a mild and
reversible hepatic influence[4], and there was a mild elevation
in serum aminotransferases within 48 h after SFC procedure.
The purpose of this study was to investigate the role of
NF-B pathway during SFC and tried to alleviate this
influence through pharmacologically hepatic preconditioning
by administration of doxorubicin before SFC procedure
and further investigate the potential mechanism of this
effect.
With regard to the activation of nuclear factor kappa B
(NF-B) p65 subunit, the presence of p65 protein was
investigated in both hepatic cytoplasmic and nuclear extracts.
We first examined the expression of cytoplasmic p65 subunit
obtained from liver before SFC procedure and there was
no difference between two groups (Figure 1B). It means
that the expression of p65 subunit was not affected by the
administration of doxorubicin before SFC procedure.
However, there was a significant change of p65 subunit in
nuclei during and after SFC procedure between NS and
DOX groups. It was that in NS group, the p65 subunit in
hepatic nuclear extract accumulated gradually from the end
of SFC and reached its highest level in 30 min after the
restoration of the abdominal circulation and then decreased
in the following 6 h after SFC procedure, while there was
only a little change in DOX group during the same time
period. Meanwhile, we also observed a slight decrease of
IB- and the appearance of phosphorylated IB- in
cytoplasm at 30 min after the restoration of the abdominal
circulation in NS group when compared with DOX group
at that time point. NF-B was first thought to be primarily
a lymphocyte and macrophage transcription factor, but it
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B
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2139

NS
DOX

150
100
50
0

0 I20 min R3 h R6 h R24 h R48 h R7 d

Time points
Figure 4 Serum level of ALT (A) and AST (B) at different time points
before and after SFC respectively, 0, before SFC, I20 min, at the end
of SFC (20 min), R3h, 3 h after the restoration of the abdominal
circulation, R6 h, 6 h after the restorat ion of the abdominal
circulation, R24 h, 24 h after the restoration of the abdominal
circulation, R48 h, 48 h after the restoration of the abdominal
circulation, R7d, 7 d after the restoration of the abdominal circulation.

now has been demonstrated in various tissues and organs
including liver, in which it responds to hypoxia and reoxygenation and is involved in immune and inflammatory
responses. Cells must retain their NF-B proteins in cytoplasm
from activating gene transcription wantonly by means of
NF-B inhibitors such as IB family. Once cells receive an
appropriate stimulus such as pro-inflammatory cytokines,
metal ions, and reactive oxygen species as well, the IB
kinase (IKK) complexes become active and phosphorylate
the IB inhibitors. The most common active dimer of
NF-B is composed of p50 and p65, in which p65 is a
transcription-activating subunit and p50 contributes to the
binding of specific DNA sequence[10]. The activated NF-B
promotes transcriptional activity of pro-inflammatory genes
like TNF-. We then investigated the mRNA level of TNF-
in liver tissues at the same time points and observed an elevated
transcriptional activity of TNF- after the restoration of
the abdominal circulation in NS group, but there was a little
change of it in DOX group. This difference is compatible
with the activation pattern of NF-B in NS and DOX groups
respectively. TNF- is one of the key pro-inflammatory
cytokines that play a pivotal role in augmenting the inflammatory
response in hepatic ischemia/reperfusion injury. The
extent of hepatic ischemia/reperfusion injury was limited
via applying anti-TNF- mono-antibody or ischemic
preconditioning to restrain the production or activity of
TNF-[14,15] . Teoh[16] proved that the hepatic ischemia/
reperfusion injury in TNF- knock-out mice was suppressed
during both the early (2 h) and late (24 h) phases of ischemia/
reperfusion injury. In our model, the inhibition of NF-B
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was also followed by the inhibition of transcriptional activity
of TNF-. Furthermore, we also observed a significant change
in the serum level of ALT and AST between NS and DOX
groups. The serum level of aminotransferases in NS group
significantly increased within 48 h and the peak value of
ALT in NS group almost doubled at 24 h after SFC when
compared with that of DOX group. These results indicate
that NF-B/IB- pathway acts quickly to the hypoxia/
re-oxygenation in liver caused by SFC procedure and cause
the following inflammatory response. Administration of
doxorubicin preceding SFC procedure protects the liver from
this insult by the inhibition of the activity of NF-B through
stabilization of IB-.
The remaining paradoxical phenomenon is how
doxorubicin, a potential deleterious agent to liver, provides
protection for liver in SFC procedure. Interestedly, we
observed obvious expression of HSP72 protein in porcine
liver after 24 h of the administration of doxorubicin via
peripheral venous when compared with injection of NS,
which is consistent with the work of Kume[17]. If administrated
intravenously, doxorubicin accumulates in liver and is
reductively metabolized to semiquinone radical intermediate
participating in the formation of reactive oxygen species[18].
Because of the enterohepatic circulation of doxorubicin
and its metabolites, there might be appreciable reactive oxygen
species triggering oxidant stress and might induce the
production of another stress reaction protein that is heat
shock protein (HSP) family. HSP72 is the inducible member
of HSP70 family, the other is constitutively expressed,
HSP73. As a molecular chaperon, HSP72 serves as preventing
the aggregation and misfolding of proteins. In addition, it
also assists in the folding of newly synthesized proteins,
translocating proteins to appropriate organs. Induction of
HSP72 phar macologically or through heat shock
preconditioning renders liver to be tolerant to ischemia/
reperfusion injury[13,17,19]. It has been speculated that binding
of HSP72 and NF-B/IB- may contribute to block the
activation of NF-B, and Shimizu et al[20], has reported the
formation of complex of HSP72-IB- in the model of
myocardial infarct. Another hypothesis is that it is the activity
of IKK that is inhibited after the induction of HSP72[21-23].
Combination NF-B/IB- with the expression of
HSP72 in our animal model of SFC, administration of
doxorubicin before SFC did not down-regulate the expression
of p65 subunit in liver, and the inhibitory effect of NF-B
is blunted at the phosphorylation and degradation of IB-.
Our results are in agreement with those studies showing
that NF-B/IB- pathway can be blocked by various
stimuli[13,21,22,24]. Further work in the interaction between
HSP72 and NF-B/IB- is needed to elucidate the exact
role of HSP72 in pharmacological preconditioning of
doxorubicin in SFC.
In conclusion, we have revealed the role of NF-B/
IB- pathway in the model of abdominal SFC. Our study
also shows that doxorubicin is not only beneficial to patients
with advanced abdominal cancer, but also can interfere with
the activation of NF-B through stabilizing the IB-
probably by inducing HSP72 in liver. The understanding
of doxorubicin in pharmacological hepatic preconditioning
sheds light on a new approach to prevent the hepatic
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influence in SFC and makes this new chemotherapy feasible
in clinical practice.
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Abstract
AIM: To retrospectively establish the diagnostic criteria
of gallstone ileus on CT, and to prospectively apply these
criteria to determine the diagnostic accuracy of CT to
confirm or exclude gallstone ileus in patients who presented
with acute small bowel obstruction (SBO). Another purpose
was to ascertain whether the size of ectopic gallstones
would affect treatment strategy.
METHODS: Fourteen CT scans in cases of proved gallstone
ileus were evaluated retrospectively by two radiologists
for the presence or absence of previously reported CT
findings to establish the diagnostic criteria. These criteria
were applied in a prospective contrast enhanced CT study
of 165 patients with acute SBO, which included those 14
cases of gallstone ileus. The hard copy images of 165
CT studies were reviewed by a different group of two
radiologists but without previous knowledge of the patient’s
final diagnosis. All CT data were further analyzed to
determine the diagnostic accuracy of gallstone ileus when
using CT in prospective evaluation of acute SBO. The
size of ectopic gallstone on CT was correlated with the
clinical course.
RESULTS: The diagnostic criteria of gallstone ileus on
CT were established retrospectively, which included:
(1) SBO; (2) ectopic gallstone; either rim-calcified or
total-calcified; (3) abnormal gall bladder with complete
air collection, presence of air-fluid level, or fluid
accumulation with irregular wall. Prospectively, CT
confirmed the diagnosis in 13 cases of gallstone ileus

with these three criteria. Only one false negative case
could be identified. The remaining 151 patients are true
negative cases and no false positive case could be
disclosed. The overall sensitivity, specificity and accuracy
of CT in diagnosing gallstone ileus were 93%, 100%; and
99%, respectively. Surgical exploration was performed
in 13 patients of gallstone ileus with ectopic stones sized
larger than 3 cm. One patient recovered uneventfully
following conservative treatment with an ectopic stone
sized 2 cm in the long axis.
CONCLUSION: Contrast enhanced CT imaging offered
crucial evidence not only for the diagnosis of gallstone
ileus but also for decision making in management strategy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gallstone ileus resulted from recurrent attacks of cholecystitis
and erosion of gallstone through adjacent duodenal wall
into small intestine, which may lead to bowel obstruction. It
accounts for 1-2% per cent of mechanical small bowel
obstruction (SBO). In geriatric population, the incidence
could be as high as 25%[1].
Gallstone ileus presented a challenging surgical dilemma
clinically. Misdiagnosis is common and it also carries a
significant rate of complications with a mortality rate ranging
from 12% to 27% in most series reported[2]. High morbidity
and mortality rate could be attributed to delayed diagnosis,
senile patient, and coexisting concomitant medical disease.
Early diagnosis is therefore pivotal to improve morbidity,
mortality and post-operative complications.
Traditionally, plain abdominal radiography remained a
mainstay for the assessment of SBO. However, the sensitivity
of plain film varies from 40% to 70% in diagnosing gallstone
ileus[3,4].
Recent literatures have shown that ultrasonography (US)
was more helpful in diagnosing gallstone ileus than plain
abdominal radiography[5,6]. But the sensitivity of detection
rate in a large-scale US study was 74% at best[6].
Most case reports on CT had also proven its value for
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diagnosing gallstone ileus[7-11] but still lack prospective study
in large patient population thus far to verify the diagnostic
accuracy if clinician chooses CT to evaluate acute SBO.
The aim of the present article is to retrospectively
establish CT diagnostic criteria of gallstone ileus, and to
prospectively apply these criteria to determine the diagnostic
accuracy of CT to confirm or exclude gallstone ileus in
patients who presented with acute SBO.
Advantages and limitations of different CT protocols
were also assessed from our findings and previous reports
to verify whether oral or IV contrast administration post
any helpful in patients with suspected gallstone ileus and
other etiology of SBO.
Another aim of this work is to determine whether the
size of ectopic gallstones would affect treatment strategy.

MATERIALS AND METHODS
Patients
From our radiology database between November 1994 and
2002, 14 patients of gallstone ileus were identified for
inclusion in this study. There were nine women and five
men with mean age of 74 years (range 38-94 years). Ten patients
were older than 70 years. All patients were documented by
surgery (n = 13) or by classic CT criteria with spontaneous
recovery after conservative treatment (n = 1). The CT
images were evaluated retrospectively with two boardcertified radiologists (CYY, CHL) for published or unpublished
CT findings to establish the diagnostic criteria.
During the same period, 151 consecutive patients with
other etiology of acute SBO were included in this study. There
were 82 males and 69 females with mean age of 63 years
(range 20-89 years). Acute SBO was suspected by the clinical
symptoms and plain abdominal radiography. The final
diagnosis was established by surgery (n = 128), clinical follow
up (n = 21), and US-guide aspiration and drainage (n = 2).
The etiology of clinical follow up patients included adhesive
band (n = 19) and intramural hematoma (n = 2). Adhesive
band was inferred from CT when no mass or other
abnormality was noted around the site of obstruction.
Intramural hematoma of small intestine following blunt
abdominal injury was also inferred from CT on the basis of
demonstration of transition zone with a focal homogeneous
wall thickening and higher attenuation than the adjacent
normal bowel wall. The clinical symptom of all these patients
showed complete resolution within 2 wk.
Methods
All patients accepted CT examination and the hardware
included either a conventional CT (Somatom Hi-Q, Simens
Medical System, Germany) or a spiral CT (Somatom plus4, Siemens Medical System, Germany). Oral contrast
material was administered with 2% iodinated water-soluble
contrast medium at least 1 h before scanning if patient
could tolerate. One hundred milliliters of 60% iodinated
nonionic or ionic IV contrast was delivered by a power
injector or by hand injection at a rate of 2 cm3/s if patient
showed no history of contrast allergy or renal function
impairment. No rectal contrast was given simultaneously.
Scanning was performed in the craniocaudal direction,
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beginning at the dome of the right hemidiaphragm to the
symphysis pubis.
In gallstone ileus patients group, only one patient did
not accept IV contrast due to renal function impairment.
Oral contrast was given to six patients, who presented with
intestinal obstruction; however, clinical symptom still could
tolerate oral contrast.
In the rest of SBO patients group, 151 patients accepted
IV contrast and only 32 patients received oral contrast
administration.
CT images were obtained at portal venous phase (70 s
after contrast injection). A beam collimation of 8 mm, pitch
1.5, and reconstructed at 8 mm intervals were used in spiral
CT. Conventional CT used 10 mm slice thickness and
10 mm table incremental scan.
The hard copy images of 165 CT studies were reviewed
retrospectively by a different group of two board-certified
radiologists (YST, JIH), whom were blinded to the final
diagnosis. All CT data were further analyzed to determine
the diagnostic accuracy of gallstone ileus when using CT in
prospective evaluation acute SBO.

RESULTS
The etiology of SBO in our 165 patients is described in
Table 1. Detailed plain film, CT findings, and clinical data
of these 14 patients of gallstone ileus are listed in Table 2.
Duration of symptom onset prior to admission in patients
with gallstone ileus varied from 1 to 5 d. Time interval
between admission and CT was less than 24 h. The time lag
between CT and operation was also less than 24 h. Plain
abdominal radiography was taken routinely on admission
and only five patients matched the full criteria of Rigler’s
triad (5/14 = 36%). In the individual criterion analysis,
pneumobilia presented on plain film of five cases (5/14 = 36%)

Table 1 Causes of SBO in 165 patients
Cause of SBO

Number of patients

Gallstone ileus

14

Phytobezoar
Intussusception

7
13

Inguinal hernia

10

Spigelian hernia

7

Obturator hernia
Transmesosigmoid hernia

3
1

Appendicitis

6

Perforated appendicitis

4

Periappendiceal abscess
Diverticulitis with rupture

2 (21)
2

Ischemic bowel disease

5

Eosinophilic enteritis

1

Intramural hematoma
Adhesive band

3 (22)
57 (192 )

Malignant lymphoma

3

Adenocarcinoma of jejunum

1

Adenocarcinoma of ileum
Adenocarcinoma of ileo-cecal valve

1
9

Adenocarcinoma of ascending colon

17

Adenocarcinoma of hepatic flexure colon

2

Numbers in parenthesis refer to numbers of cases whose final diagnosis was
determined either by 1US-Guide aspiration drainage or 2clinical follow up.
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All three criteria were utilized in a prospective evaluation
of 165 patients with acute SBO. Gallstone ileus was confirmed
pre-operatively with CT in 13 cases. Only one false negative
case could be identified and it showed less calcification in
the rim-calcified ectopic gallstone, which rendered poor
differentiation from the enhanced small bowel wall with
similar density and without clear space between each other
(Figure 3).
No false positive case could be disclosed, which means
positive predictive value is 100%. The remaining 151 patients
are true negative cases. The overall sensitivity, specificity
and accuracy of CT to diagnosing gallstone ileus was 93%
(13/14), 100% (151/151); and 99% (164/165), respectively.
Two low sensitivity CT findings also could be identified
in our study, which included cholecystoduodenal fistula (n = 3)
and wall thickening (>1 cm) of the second portion duodenum
(n = 3) (Figure 4). The latter three patients had symptom
onset duration that lasted less than 1 d with leukocytosis
over 20.00×109/L and ascites (Table 2).
Another low sensitivity finding on CT showed segmental
edematous wall thickening (>1 cm) over ileum, just prior to
the transition zone (n = 2) (Figures 5A and B). During
operation, peal formation and edematous change could
be identified. However, there was a lack of evidence of
perforation or ischemia in these patients, who recovered
uneventfully following surgery.
The size of ectopic gallstone by CT imaging showed to
be larger than 3 cm in 13 cases. All of them accepted surgical
intervention. Only one patient achieved spontaneous
recovery following conservative treatment, which presented
with an ovoid ectopic gallstone sized 2 cm in the long axis
(Figure 6).

A

B

Figure 1 Ectopic gallstone (arrow) showed totally calcified component (A) and rim-calcified component (B).

and on CT of seven cases (7/14 = 50%). Mechanical SBO
was suggested by plain film (n = 10, 10/14 = 71%) and by
clinical symptoms (n = 4). These latter four patients
demonstrated massive fluid accumulation within bowel
lumen, which made invaluable of plain film. Ectopic
gallstone could be diagnosed using plain film on six patients
(6/14 = 43%).
The diagnostic criteria of gallstone ileus on CT were
established retrospectively, which included: (1) SBO (n = 14);
(2) ectopic gallstone; either rim-calcified (n = 9) (Figure 1A)
or total-calcified (n = 5) (Figure 1B); (3) abnormal gall
bladder with complete air collection (n = 9) (Figure 2A),
presence of air-fluid level (n = 3) (Figure 2B), or fluid
accumulation with irregular wall (n = 2) (Figure 2C).

DISCUSSION
Clinical manifestation and plain abdominal radiographic
findings of gallstone ileus are rarely specific, often similar
to other causes of mechanical SBO, and more than one-

Table 2 Plain film, CT findings and clinical data in 14 cases of gallstone ileus
Case

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Plain film
Pneumobilia

–

–

+

–

+

–

+

–

+

+

–

–

–

–

Gas in gall bladder fossa

–

–

–

–

–

+

–

–

–

–

–

–

–

+

Small bowel obstruction

–

–

+

+

+

+

+

+

+

+

+

+

–

–

Ectopic gallstone
CT

+

–

–

+

+

+

+

–

–

+

–

–

–

–

+

–

Pneumobilia

–

–

+

+

+

–

+

–

+

+

–

–

Gall bladder content

Air

Fluid

Air

Air

Air-fluid

Air

Air-fluid

Air

Air

Air

Air

Air

Small bowel obstruction
Ectopic gallstone

+
TC

+
RC

+
RC

+
TC

+
TC

+
RC

+
TC

+
RC

+
RC

+
TC

+
RC

+
RC

+
RC

+
RC

Fluid Air-fluid

Other CT findings
Cholecysto-duodenal fistula

–

–

–

+

–

+

–

–

–

+

–

–

–

–

Thickened duodenum (>1cm)
Ascites

+
+

+
+

+
+

–
+

–
+

–
+

–
–

–
+

–
–

–
+

–
–

–
–

–
–

–
–

Thickened small intestine (>1cm)

–

+

–

–

–

+

–

–

–

–

–

–

–

–

5
5.30

5
7.30

5
6.60

5
9.50

5
8.30

Clinical data
Symptom onset duration (d)
WBC(×109/L) upon admission

1
24.70

1
24.50

1
21.70

+: Presence, –: absence TC: total-calcified, RC: rim-calcified.

2
16.50

3
13.90

3
13.50

3
12.40

4
10.25

5
10.90
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B

C

Figure 2 Diseased gallbladder (arrow) was replaced by gas (A); mixed air and fluid (B); and fluid with irregular wall (C).

third of patients presented no history of biliary symptoms
[12]
. Several case reports have shown accuracy of CT in the
diagnosis of gallstone ileus[7-11] . However, larger patient
population is needed to establish the diagnostic CT criteria
and to verify the diagnostic accuracy if clinician chooses
CT to evaluate acute SBO. Based on our study, the diagnostic
CT criteria include: (1) SBO; (2) ectopic gallstone; either
rim-calcified or total-calcified; (3) abnormal gall bladder with
complete air collection, presence of air-fluid level, or fluid
accumulation with irregular wall. Our study also
demonstrated that contrast enhanced CT have high
sensitivity (93%), specificity (100%), and accuracy (99%)
to diagnose gallstone ileus in patients who presented with
acute SBO.
Gallstone ileus takes an insidious course, presented
symptoms of intermittent intestinal obstruction. Duration
of symptoms prior to admission was varied from 6 h to
22 d[2,7] . The longest in our series is 5 d. Duration from
admission to operation ranged from 5 h to 14 d and overall
mortality rate was 19%[2,7,12-14]. According to these reports,
delayed diagnosis plus concomitant geriatric disease could
lead to severe complications, including fatality. All of our
patients had CT study within 24 h upon admission, which
made early diagnosis possible. Therefore, we were not able
to observe classical tumbling phenomenon in any of our
cases. All of our patients showed full recovery and the key
issue here is to be able to obtain prompt diagnosis with CT
imaging and early surgical intervention.
The classic Rigler’s triad for diagnosis of gallstone ileus
on plain abdominal radiography was reported to be present
about 30-35% cases[1,15]. In our study, only 36% cases (5/14)
presented full criteria.
When single criterion was used for evaluation, pneumobilia
could be detected on plain film in five patients (5/14 = 36%)
and on CT in seven patients (7/14 = 50%). The rare incidence
may be secondary to persistent obstruction of cystic duct
even with cholecystoduodenal fistula presence to decompress
the gallbladder.
Air collection within the gall bladder can be easily
misdiagnosed and misinterpreted as colon gas by plain film
alone. However, CT could easily detect complete air
collection, air-fluid level, or fluid accumulation with irregular
wall within the diseased gall bladder in all fourteen cases of
our study.
Only six cases with ectopic gallstones could be identified
by plain film but CT picked up 13 cases. Possible etiology

for this limitation of plain film may be related that ectopic
gallstone superimposed with bony structures or fluid-filled
bowel, obscured by obesity, or lack of identifiable calcification.
Recent works suggested that CT has high sensitivity
and accuracy for pre-operative evaluation of patient with
suspected intestinal obstruction or acute abdomen[16-19]. The
promptness and capability of contrast-enhanced CT to
reveal the cause of SBO and acute abdomen makes it
essential for emergency use[20].
When dealing with CT, the first issue is whether oral
water-soluble contrast is needed in SBO evaluation? In CT
evaluation of high grade obstruction, oral contrast
administration should be prohibited on account of: (1)
vomiting always precluding excessive fluid intake; (2)
suffocation likely while patient changes position from sitting
to supine if excessive fluid accumulation within the stomach;
(3) existing intestinal fluid offered natural negative contrast
effect to differentiate the location and wall thickness of the
transition zone[19] . However, if patient posed with partial
intestinal obstruction or intermittent high grade obstruction
as in cases of gallstone ileus, oral contrast could be used to
further dilate the proximal small intestine, which allows better
evaluation of the transition zone[3].
Rim-or totally calcified ectopic gallstone could be easily
detected by CT without oral contrast administration. But
based on our study (n = 6) and previous reports[10] , oral
contrast administration may not interfere with the diagnosis
of ectopic gallstone because: (1) most oral contrast did not
reach the transition zone due to obstruction; (2) diluted
oral contrast consists of relatively low density as compared
to the high density of rim or totally calcified stone.
Non-enhanced (free IV) CT can serve as a diagnostic
imaging tool to prompt identification of ectopic gallstone
despite the presence of any degree of calcification, based
on our study (n = 1) and previous reports[8-11]. It also offers
two advantages: (1) no risk of contrast allergy, and (2)
routine application to all patient population, including those
with renal function impairment.
Contrast-enhanced CT, on the other hand, is more
difficult to identify rim-calcified stone than total calcified
ones. Rim-calcified component would be easily missed as
normal bowel wall appears without clear space in-between
to separate each other. In addition, less calcification in ectopic
rim-calcified gallstone could be neglected when equal
enhancement is achieved in the small bowel wall[7,21,22]. Only
one false negative case could be identified in our study and
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A

Figure 3 False negative case showed poor differentiation between less calcified rim of the ectopic gallstone (arrow) and the
enhanced bowel wall (case 8).

B

Figure 5 Axial contrast enhanced CT showed rim-calcified ectopic
gallstone in the proximal ileum (A). CT section located 3 cm caudal to
(A) reveal segmental edematous wall thickening of small intestine
(arrow) proximal to transition zone, which indicated transient ischemic
change secondary to bowel obstruction (B) (case 2).
Figure 4 Axial contrast enhanced CT delineated wall thickening
(between arrows) of duodenum second portion >1 cm (case 3).

the remaining 13 could be diagnosed well before operation.
Intravenous contrast material is valuable for improved
detection of edema, inflammation, and ischemia of the small
intestine[19]. Therefore contrast enhanced CT may help to
establish alternate diagnosis of SBO and to predict the
presence of complications. In our study, edematous wall
thickening of the small intestine prior to transition zone
could be clearly identified by CT in two cases and it was
proved to be transient ischemic change from distended bowel
loops.
Another two low sensitivity CT findings, cholecystoduodenal
fistula and wall thickening of duodenum second portion,
also could be clearly identified by contrast-enhanced CT. These
two findings existed concomitantly in a previous report[7] but
our result did not. Previous report did not define the criteria
of thickening duodenum or offer any graphic evidence for
this finding. Wall thickening of the duodenum second portion
in our study correlated well with symptom onset duration
less than 24 h, leukocytosis over 20.00×109/L, and ascites,
which were suggestive of acute inflammatory process in
progress. However, the presence of cholecystoduodenal
fistula did not parallel with the acute inflammatory status
in our study and it may well be due to pressure generated
by incomplete evacuation of the gallbladder contents and/
or high-grade SBO persistent but we can only hypothesize
this for lack of direct evidence.
Accurate diagnosis of the location and etiology of smallbowel obstruction is essential for therapeutic planning[20] .
Precision surgical incision for gallstone ileus with open or
laparoscopic enterolithotomy need detailed anatomical

Figure 6 Rim-calcified ectopic stone (arrow) sized 2 cm in the
long axis with SBO but evacuated spontaneously following conservative treatment (case 9).

correlation[23,24]. Previous report suggested primary surgical
intervention is mandatory for all cases with gallstone ileus[13].
But one patient in our series demonstrated spontaneous
recovery and his ectopic gallstone size was 2 cm in long
axis, which others also witnessed[11]. It is the second case in
the literature to validate conservative treatment was also
effective in the management of gallstone ileus[11]. Then, we
proposed that when prospective CT estimation of ectopic
gallstone sized less than 2 cm in size, patients should receive
conservative treatment with constant monitoring of vital
signs until complete clinical recuperation. If conservative
measures affected resolution of gallstone ileus accordingly,
better prognosis could be achieved especially in elderly and
debilitating patients.
In conclusion, contrast enhanced CT evaluation of acute
SBO offers prompt and rapid diagnosis of gallstone ileus
before operation. CT also has the capability to estimate the
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size of ectopic gallstone, which rendering decision making
in management strategy.
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Abstract
AIM: Elevation of alanine aminotransferase (ALT) level is
commonly seen among patients suffering from severe
acute respiratory syndrome (SARS). We report the
progression and clinical significance of liver derangement
in a large cohort of SARS patient.
METHODS: Serial assay of serum ALT was followed in
patients who fulfilled the WHO criteria of SARS. Those
with elevated ALT were compared with those with normal
liver functions for clinical outcome. Serology for hepatitis
B virus (HBV) infection was checked. Adverse outcomes
were defined as oxygen desaturation, need of intensive
care unit (ICU) and mechanical ventilation and death.
RESULTS: Two hundred and ninety-four patients were
included in this study. Seventy (24%) patients had elevated
serum ALT on admission and 204 (69%) patients had
elevated ALT during the subsequent course of illness. Using
peak ALT >5×ULN as a cut-off and after adjusting for
potential confounding factors, the odds ratio of peak ALT
>5× ULN for oxygen desaturation was 3.24 (95%CI
1.23-8.59, P = 0.018), ICU care was 3.70 (95%CI
1.38-9.89, P = 0.009), mechanical ventilation was 6.64
(95%CI 2.22-19.81, P = 0.001) and death was 7.34
(95%CI 2.28-24.89, P = 0.001). Ninety-three percent of
the survived patients had ALT levels normalized or were
on the improving trend during follow-up. Chronic hepatitis
B was not associated with worse clinical outcomes.
CONCLUSION: Reactive hepatitis is a common complication
of SARS-coronavirus infection. Those patients with severe
hepatitis had worse clinical outcome.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Severe acute respiratory syndrome (SARS) is caused by a
novel coronavirus (SARS-coronavirus, SARS-CoV) infecting
primarily the lung and the enteric tract[1-9]. Up to August
2003, there were 8 422 reported cases worldwide and 916
cases died of this condition[10]. Although the outbreak of
SARS is currently under control, the source of SARS-CoV
has not been identified and the threat of SARS returning in
winter persists.
Case series in Hong Kong and Toronto indicated that
SARS is not merely a respiratory disease. Diarrhea and
bleeding diathesis had also been reported in patients infected
by SARS-CoV[11,12]. In our previous report, SARS-CoV was
found in biopsy of small intestine and colon of patients
with diarrhea[11]. Deranged liver functions were reported in
22-56% of patients at the time of hospital admission[13-17].
In a previous study, it has also been suggested that coinfection with hepatitis B virus (HBV) is associated with
more severe respiratory disease[18]. The cause of impaired
liver function, its clinical implication and association with
HBV co-infection have not been fully explored.
In this study, we follow the natural course of hepatic
involvement in SARS. The impact of liver derangement
and chronic HBV infection on the clinical outcome of SARS
patients is revisited.
MATERIALS AND METHODS
Patients
Patients in the present study were collected from a university
medical center (Prince of Wales Hospital) and a community
hospital (Princess Margaret Hospital) designated to look
after SARS patients during the outbreak in Hong Kong. All
patients fulfilled the case definitions of SARS by the World
Health Organization, i.e., temperature above 38 ℃, difficulty
in breathing and cough, pneumonic changes on chest X-ray
or high-resolution computed tomography, and contact
history with SARS patients[19]. All patients were initially
treated with empirical antibiotics including cefotaxime and
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clarithromycin (or levofloxacin) to cover common pathogens
causing community-acquired pneumonia. Oseltamivir
(Tamiflu) was also given to treat possible influenza
infection when little was known about SARS during the
early phase of the outbreak. If fever persisted for more
than 48 h, all patients received corticosteroids and ribavirin
treatment. The choice of corticosteroids was intravenous
hydrocortisone 100 mg every 8 h or oral prednisolone
1 mg/kg body weight per day. Ribavirin was given at 400 mg
every 8 h intravenously or 1 200 mg thrice a day orally.
Pulse intravenous methylprednisolone (500-1 000 mg/d),
up to a maximum dose of 3 g, was given when there were
signs of radiological or clinical deterioration. Patients,
with oxygen saturation that fell below 90% at room air,
were offered supplementary oxygen through nasal cannula.
Those who required more than 4 L/min oxygen would be
transferred to intensive care unit (ICU) for close monitoring.
Mechanical ventilation by CPAP was implemented, when
patients could not achieve 90% oxygen saturation despite
receiving 5 L/min oxygen or more. All patients were kept
in hospital for monitoring for at least 3 wk before
discharge. Liver enzymes were checked every 1-3 d during
hospital stay, on discharge and on follow-up visits. Clinical
outcomes were assessed at least 8 wk after the admission
of patients.
Serological assays
The level of anti-coronavirus IgG antibody was measured
by immunofluorescence assay. Paired sera from acute (taken
within 7 d after the onset of fever) and convalescent (taken
14-21 d after the onset of fever) blood samples were tested
at serial two-fold dilutions starting from 1:40. Positive
serological evidence of coronavirus infection was defined
as either having a seroconversion or ≥four-fold rise in
antibody titer. Hepatitis B surface antigen (HBsAg)
and hepatitis C antibodies (anti-HCV) were tested by
commercially available enzyme-linked immunosorbent assay
kits (Abbott GmBH Diagnostika, Wiesbaden-Delkenheim,
Germany). Hepatitis B e antigen (HBeAg) and antibodies
to hepatitis B e antigen (anti-HBe) were measured by ELISA
(Sanofi Diagnostics, Pasteur, France).
Data analysis
Continuous variables were expressed as mean±SD for
normal distribution data and median (range) if the distribution
was skewed. Statistical analysis was performed by SPSS (version
11.0, Chicago). Categorical variables were compared by 2
test and continuous variables by Student’s t test or MannWhitney U test as appropriate. Adverse clinical outcomes
were defined as need of oxygen desaturation requiring
oxygen supplementation, ICU admission, mechanical
ventilation, liver decompensation and mortality. Liver
decompensation was defined as development of hepatic
encephalopathy associated with elevated serum bilirubin
(>51 mmol/L) and prolonged prothrombin time (>16 s).
As the reference ranges of alanine aminotransferase (ALT)
levels were different between the two hospitals, ALT levels
were expressed as folds of increase above the upper limit
of normal (ULN) in individual laboratories. The relationships
of peak ALT levels and various adverse clinical outcomes
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were compared by receiver operator characteristic curve.
Baseline clinical characteristics with a P value <0.1 for
adverse clinical outcomes on comparing patients with high
peak ALT levels vs. those with lower ALT levels were
adjusted by multivariate logistic regression analysis. All
statistical tests were two-sided. P value <0.05 was statistically
significant.

RESULTS
Clinical characteristics
Two hundred and ninety-four patients including 126 male
(43%) and 168 female were included in this study. The
median age of this cohort was 36 years, range 12-83 years.
Two hundred and forty-three patients had paired blood
samples checked for SARS-CoV serology and all had positive
results. These patients were admitted on the third (range
0-11) day after the onset of fever. Thirty (10%) patients
were found to have positive HBsAg and 214 patients had
negative HBsAg. In 50 cases, HBsAg status was not checked
during hospitalization. All patients in the Prince of Wales
cohort had negative anti-HCV antibodies, and 7 of 12 HBVinfected patients had positive HBeAg. Anti-HCV and
HBeAg status were not routinely monitored in the Princess
Margaret Hospital cohort. Lamivudine (100 mg/d) was
commenced in 20 of the 30 chronic hepatitis B patients on
or before the commencement of corticosteroid treatment
and was continued thereafter. Two chronic hepatitis B
infected patients had co-existing liver cirrhosis. One of them
had inoperable multi-focal hepatocellular carcinoma and
the other was admitted for bleeding esophageal variceal.
Forty-one (14%) patients had other co-morbid illnesses
including hypertension (12), diabetes mellitus (5), end-stage
renal failure (2), chronic rheumatic heart disease (2), ischemia
heart disease (2), sick sinus syndrome (1), atrial fibrillation
(1), asthma (1), chronic obstructive airway disease (1),
bronchiectasis (1), old pulmonary tuberculosis (1), previous
cerebrovascular accident (1), autism (1) and pregnancy (1).
Overall, 141 (48%) patients had oxygen desaturation,
50 (17%) required admission to ICU, 33 (11%) patients
required mechanical ventilation, and 27 (9%) patients died.
None of the patients developed liver decompensation after
contracting SARS. All mortalities were due to respiratory
failure related to SARS with or without sepsis and multiorgan failure. The outcome of the studied cohort is
summarized in Figure 1.
Liver enzyme derangement on admission
Seventy (24%) patients, including 15 chronic hepatitis
B-infected patients, had elevated ALT levels on admission.
The median ALT levels on admission was 0.55 (0.16-26.09)
times upper limit of laboratory normal. The proportion of
patients with different ALT levels, serum bilirubin and
prothrombin time on admission are shown in Figure 2. Two
chronic hepatitis B infected patients were admitted with
icteric flare-up of chronic hepatitis B on lamivudine treatment
and contracted SARS during their hospital stay. They had
elevated serum bilirubin to more than 150 mmol/L and
one of them had prolonged prothrombin time to 17 s. All
other patients who had elevated ALT levels had normal
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Total patients n = 294
(HBsAg positive 30/244)

Normal ALT on admission
n = 2331
(HBsAg positive 14/180)

Elevated ALT on admission
n = 712
(HBsAg positive 16/64)

Elevated ALT during
hospitalization
n = 133

Died

n=6

Discharged2
n = 63

Died

n = 16

Normal ALT during
hospitalization
n = 89

Discharged
n = 117

ALT normalized
n = 89

Died

Discharged
n = 84

n=5

ALT remain elevated
n = 28

ALT elevated
n = 24

ALT normalized
n = 39

Figure 1 Clinical outcomes of patients included in the study. ALT, alanine aminotransferase. 1One patient did not have serial ALT results.
2
Two patients did not have follow-up ALT results after discharge.

serum bilirubin levels and had no evidence of hepatic
decompensation.
Progression of liver derangement on follow-up
During the course of illness, 204 (69%) patients, including
23 HBsAg-positive patients, had elevated ALT levels. Majority
of patients had ALT levels elevated at day 5-7 from fever
onset and ALT peaked at the end of second week (Figure 3).
The median peak ALT levels was 1.53 (0.28-316.25) times
ULN. The proportion of patients with different peak ALT
levels, serum bilirubin and prothrombin time are shown in
Figure 2. Twenty-eight (9.5%) patients had ALT raised to
over 5× ULN; among them 7 patients had elevated serum
bilirubin (median 83 mmol/L, range 48-231 mmol/L) and
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Proportion of patients
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Proportion of patients

Proportion of patients

A

10 patients had elevated prothrombin time (median 20 s,
range 14-56 s). Among the 138 patients in the Prince of Wales
Hospital cohort, the median peak alkaline phosphatase (ALP)
level was 0.78 (range 0.31-19.38) times ULN and 40 (29%)
patients had experienced elevated ALP during the course of
illness. None of these patients developed hepatic encephalopathy.
Seven of the 28 (25%) patients died of SARS and multiorgan failure. On the other hand, only 5 of 89 (6%) patients
who had persistently normal ALT died.
The area under the receiver operator characteristic curve
of peak ALT for oxygen desaturation, need of ICU care,
mechanical ventilation and mortality were 0.70 (95%CI
0.64-0.75; P<0.001), 0.72 (95%CI 0.65-0.79; P<0.001), 0.71
(95%CI 0.62-0.80, P<0.001) and 0.65 (95%CI 0.54-0.76,
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Figure 2 A: Proportion of patients with different ALT levels at initial visit (n = 294), at peak ALT (n = 293; 1 missing data) and on last followup (n = 264; 27 patients died, 3 missing data). ALT normal , 1–2× ULN , 2–5× ULN , >5× ULN . B: Proportion of patients with different
serum bilirubin levels at initial visit (n = 294) and at peak bilirubin (n = 293, 1 missing data). <35 µmol/L , 35–51 µmol/L , >51 µmol/L .
C: Proportion of patients with different prothrombin time at initial visit (n = 293, one missing data) and at peak prothrombin time (n = 283,
11 missing data). <12 s , 12–16 s , >16 s .

Median ALT and bilirubin levels (×ULN)
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Table 1 Univariate analysis of baseline clinical characteristics
among patients with peak ALT levels >5× ULN vs with patients with
peak ALT levels ≤5× ULN

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Peak ALT >5× ULN
Number of patients
Age (yr)
Male

3 5 7

9 11 13 15 17 19 21

From onset of fever (d)

P = 0.011), respectively. Using the coordinate of peak ALT
>5× ULN, the sensitivity and specificity for any adverse
outcomes were 15-27% and 93-95% respectively. Patients
who had peak ALT over 5× ULN had significant male
predominance, more co-existing co-morbid conditions, more
chronic hepatitis B patients and marginally higher serum
creatinine levels as compared to those who had lower peak
ALT levels (Table 1). Using peak ALT >5×ULN as a cutoff and after adjusting these potential confounding factors,
the odds ratio of peak ALT >5×ULN for oxygen
desaturation was 3.24 (95%CI 1.23-8.59, P = 0.018), ICU
care was 3.70 (95%CI 1.38-9.89, P = 0.009), mechanical
ventilation was 6.64 (95%CI 2.22-19.81, P = 0.001) and
death was 7.34 (95%CI 2.28-24.89, P = 0.001).
Excluding 27 patients who died and 3 patients who had
no follow-up ALT results, 84 of 264 (32%) patients had
persistently normal ALT levels during the entire course of
illness. Among the 180 patients who had elevated ALT levels,
128 (71%) had ALT subsequently normalized and 37 (21%)
patients had ALT on downward trend at the last follow-up
visit. The remaining 8% of patients still had elevated ALT
levels on the last follow-up.
Co-infection with hepatitis B virus
Two of the 30 HBsAg-positive patients died despite
lamivudine treatment. One patient was admitted for icteric
flare-up of chronic hepatitis B and the other had liver
cirrhosis admitted for esophageal variceal bleeding. Both
patients acquired SARS during their hospital stay. Seven
patients had persistently normal ALT levels throughout the
admission and follow-up visits (six were on lamivudine).
Twenty-one HBsAg-positive patients had elevated ALT
during the SARS illness. Among them, 10 patients (6 on
lamivudine) had transient elevation of ALT which
subsequently returned to normal levels, 8 (5 on lamivudine)
had declining levels of ALT and 3 patients (1 on lamivudine)
had persistently elevated ALT levels. In this series, coinfection with viral hepatitis B was not associated with higher
peak ALT level, increased risk of oxygen desaturation, ICU
admission, mechanical ventilation or mortality (Table 2).

265
39±15

17 (61%)

0.68

109 (41%)

<0.001
0.002

4 (14%)

37 (14%)

Hemoglobin (g/dL)

13.4±2.1

13.4 ±1.5

0.94

5.3±2.3

5.0±2.0

0.49

Neutrophil (×109/L)

4.2±1.9

3.8±1.9

0.30

Lymphocyte (×109/L)

0.8±0.5

0.8±0.5

0.90

151±53

0.64

Platelet (×109/L)

Figure 3 Median ALT and serum bilirubin levels of patients admitted
to Prince of Wales Hospital (n = 138) from the day of fever onset to
day 21 at hospital discharge. Both ALT and bilirubin levels were
expressed as folds of ULN. Only patients who had at least one elevated ALT level during admission were included (n=104). ULN, upper limit of laboratory normal; solid line, serum ALT; broken line,
serum bilirubin.

28
40±14

P

Co-morbid
White cell count (×109/L)

1

Peak ALT ≤5× ULN

Creatinine (mol/L)

146±53
83 (48–1 318)

79 (43–214)

0.09

6/25 (24%)

24/218 (11%)

<0.001

Oxygen supplementation

21 (75%)

120 (45%)

<0.001

ICU care

11 (39%)

39 (15%)

<0.001

Mechanical ventilation

9 (32%)

24 (9%)

0.012

Death

7 (25%)

20 (8%)

0.017

HBsAg

Table 2 Clinical outcome of patients with and without chronic
hepatitis B
HBsAg positive

HBsAg negative

P

Number of patients

30

214

Peak ALT (×ULN)

2.2 (0.6–26.1)

1.5 (0.3–316.3)

0.16

17 (57%)

104 (49%)

0.68

ICU care

5 (17%)

30 (14%)

0.70

Mechanical ventilation

3 (10%)

19 (9%)

0.84

Death

2 (7%)

14 (7%)

0.98

Oxygen supplementation

DISCUSSION
Although SARS is primarily a pulmonary disease, liver
derangement was commonly observed[13-17]. In this study,
approximately a quarter of patients had elevated ALT on
admission, and a further 45% of patients who had normal
ALT on admission had ALT elevation during the course of
illness. In a majority of patients ALT levels started to elevate
towards the end of first week and peak at the end of second
week. High peak ALT level appears to be an independent
predictor of more severe illness and worse clinical outcome.
Most patients however had transient elevation of ALT, which
normalize spontaneously with the recovery of SARS.
The underlying cause for ALT elevation was uncertain
but several mechanisms were worth considering. Direct
pathogenic effect of SARS-CoV on the liver is unlikely due
to the failure of identification of SARS-CoV or specific hepatitis
features in the liver at autopsy in previous reports[20-23] .
Elevated ALT might be related to the prescribed medications
including antibiotics and high dose ribavirin. As a quarter
of patients had elevated ALT levels on admission well before
the prescription of drugs, drug treatment should not be the
cause of liver enzyme derangement in these patients.
Furthermore, many patients had ALT >5× ULN. This is
exceedingly rare with antibiotic and ribavirin given at these
dosages[24]. Although chronic hepatitis C virus infection has
only been excluded in about half of the cases in this series
(the Prince of Wales Hospital cohort), the prevalence of
chronic hepatitis C is very low among the general population
in Hong Kong.
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We believe that the elevation of liver enzyme is a reactive
response towards SARS-CoV infection[25]. The hepatic acute
phase response involving cytokine release from inflammatory
cells is a defense reaction of the body against the causative
agent to protect the vital functions of the liver[26]. The liver
enzyme elevation in SARS is not typical of cholestasis
secondary to sepsis as majority of patients did not have
accompanied elevation of ALP. This is usually a transient
reaction and therefore majority of patients have ALT levels
returned to normal after recovery.
Although SARS-CoV is not a direct cause of liver injury,
results from this study indicated that gross liver enzyme
elevation, as indicated by high peak ALT levels, is an
independent factor associated with poor clinical outcome.
Peak ALT over 5×ULN increased the risk of mortality by
seven-folds. Although age and co-morbid illnesses had been
found to have significant negative impact on prognosis in
SARS[6,13,18,27], in this study, the age of patients did not differ
significantly between those with high or low peak ALT levels.
Baseline ALT levels have not been found to be associated
with any adverse clinical outcome in the past probably
because of the delayed elevation of ALT levels in most
patients. In fact most immunological damage of SARS in
the lungs occurred in the second week of the illness[12,28].
The level of ALT elevation may reflect the severity of
acute phase response, which in turn may reflect the severity
of tissue damage in SARS[17]. We believe that the elevated
ALT can serve as a surrogate marker to predict the clinical
outcome of SARS.
We did not find any difference in various adverse clinical
outcomes among chronic hepatitis B patients as compared
to the HBsAg-negative patients. In our cohort, 16 (53%)
chronic hepatitis B patients had elevated ALT levels upon
admission and two of them suffered from icteric flare-up
of hepatitis. Perhaps those patients who suffered from
severe flare-up of hepatitis or decompensated liver cirrhosis
might have a higher risk of mortality[29]. Lamivudine was
not prescribed to one-third of the patients but none of
them died or developed hepatic decompensation.
In conclusion, we found that elevation of transaminase
is a very common feature in SARS. The ALT elevation is usually
transient and likely to be reactive in nature. Co-infection
with HBV in the absence of liver cirrhosis or reactivated
hepatitis does not affect the natural course of the disease.
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Abstract
AIM: To evaluate whether attenuated Salmonella
typhimurium producing Helicobacter pylori (H pylori)
urease subunit B (UreB) could induce systemic immune
responses against H pylori infection.
METHODS: Attenuated S. typhimurium SL3261 was used
as a live carrier of plasmid pTC01-UreB, which encodes
recombinant H pylori UreB protein. Balb/c mice were given
oral immunization with two doses of SL3261/pTC01-UreB
at a 3-wk interval. Twelve weeks after oral immunization
of mice, serum IgG antibodies were evaluated by ELISA
assay. Gamma interferon (IFN-) and interleukin 10 (IL-10)
in the supernatant of spleen cell culture were also assessed
by ELISA.
RESULTS: After oral immunization of mice, serum specific
IgG antibodies against UreB in vaccine group were much
higher than that in PBS and native Salmonella SL3261
control groups ( A 45 0 , 0.373±0.100 vs 0.053±0.022,
0.142±0.039, respectively, P<0.01). Moreover, IFN- in
vaccine group was on average 167.53±29.93 pg/mL,
which showed a significant increase vs that of PBS control
group (35.68±3.55 pg/mL, P<0.01). There was also a
tremendous increase of IL-10 in vaccine group compared
to PBS and SL3261 control groups (275.13±27.65 pg/mL
vs 56.00±7.15 pg/mL, 68.02±15.03 pg/mL, respectively,
P<0.01). In addition, no obvious side effects in mice and
no change in gastric inflammation were observed.
CONCLUSION: The multiple oral immunizations with
the attenuated S. typhimurium expressing H pylori UreB
could induce significant systemic immune responses,
suggesting it may be used as oral vaccine against H pylori
infection.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) is one of the most common
bacteria worldwide, which infects more than 50% of the
human population[1]. It is generally recognized that H pylori
infection is a major etiological factor in chronic gastritis,
peptic ulcer disease, gastric adenocarcinoma and gastric
B-cell lymphoma (MALT). The current therapy, based on
the use of a proton-pump inhibitor and antibiotics, is
efficacious but faces many problems such as patient
compliance, possible recurrence of infection, complex
dosing, costs and various side effects, and most importantly,
development of antibiotic resistance. These compromise
widespread clinical use. As a consequence, new strategies
for the prevention and eradication of H pylori infections
are being explored. Vaccines are an attractive option, because
they are both effective and economic in use. It is widely
accepted that, given the worldwide prevalence of H pylori
infection, vaccination would be a preferable strategy[2]. A
number of trials indicate that attenuated Salmonella
typhimurium strains can be used to deliver foreign antigens[3].
So, we had established recombinant attenuated S. typhimurium
SL3261 expressing H pylori urease B subunit (UreB), which
could elicit strong mucosal immune responses [4]. The
purpose of the present study was to determine whether it
could induce specific immune responses and whether it could
be used as oral vaccine against H pylori infection.
MATERIALS AND METHODS
Animals
Four to six weeks old female Balb/c mice were purchased
from the Animal Resources Center, Fourth Military Medical
University, Guangzhou. The animals were fed on a
commercial diet and given water ad libitum.
Bacterial strains, media, and growth
The attenuated S. typhimurium SL3261 (S. typhimurium WARY
hisG 46 aroA del 407 Fusaricres, etc.) kindly provided by
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Professor DamingRen (Institute of Genetics, Fudan
University, Shanghai) were grown routinely at 37 ℃ in solid
or liquid Luria medium.
Immunization of mice
Three groups of mice including controls were used as follows:
(1) PBS control group was non-immunized mice that received
PBS; (2) native Salmonella control group was mice that received
attenuated S. typhimurium SL3261 strain; and (3) the vaccine
group (SL3261/pTC01-UreB group) was mice immunized with
S. typhimurium SL3261/pTC01-UreB. Prior to immunizations
mice were left overnight without solid food and 4 h without
water. One hundred microliters of 3% sodium bicarbonate
were as given orally using a stainless steel catheter to neutralize
the stomach pH. Immediately after stomach neutralization,
mice from the PBS control group received 100 L PBS, and
mice from the Salmonella control group and vaccine group,
received 5.0×10 9 cfu of S. typhimurium strain SL3261 or
SL3261/pTC01-UreB, respectively, in a total volume of
100 L. Water and food were returned to the mice after
immunization. Three groups of mice were given twice oral
dose treatment at a 3-wk interval.
ELISA assays
Twelve weeks after final oral immunization of mice, 150 L
of blood were collected retro-orbitally. Anti-UreB IgG
antibodies in serum were detected by sandwich ELISA[5].
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RESULTS
Serum anti-UreB IgA antibodies in protected mice
As indicated in Table 1, the multiple oral immunizations
with SL3261/pTC01-UreB could induce significant H pylorispecific serum IgG responses (P<0.01) (Table 1).
Table 1 Detection of intestinal IgA and serum IgG (A 450, mean±SD)
Serum IgG

PBS group

SL3261 group

Vaccine group

0.053±0.022

0.142±0.039

0.373±0.100b

b

P<0.01 vs PBS and SL3261 control groups.

Measurement of cytokine IFN- and IL-10
The difference in IFN- and IL-10 between immunized mice
and non-immunized mice (PBS) was significant (P<0.01).
Although the difference in IL-10 between mice immunized
with strain SL3261 alone and strain SL3261/pTC01-UreB
was also significant (P<0.01), there was no significant increase
of IFN- between SL3261 group and SL3261/pTC01UreB group (Table 2).
Table 2 Measurement of IFN- and IL-10 (pg/mL, mean±SD)
IFN-
IL-10

PBS group

SL3261 group

Vaccine group

35.68±3.55
56.00±7.15

118.74±16.84b
68.02±15.03

167.53±29.93b
275.13±27.65d

b

P<0.01 vs PBS group. dP<0.01 vs PBS and SL3261 groups.

Cytokine measurement
Spleen cells were isolated by forcing the tissue through
nylon cell strainers and resuspended in complete medium
containing 15% fetal calf serum as routine method. After
48 h, the supernatant of spleen cell culture was collected.
The presence of gamma interferon (IFN-) and interleukin
10 (IL-10) in the supernatant was detected by ELISA.
Analysis ofanti-urease antibodies in mousesera by immunoblotting
H pylori strain SS1 whole-cell lysates were analyzed by
Western blotting. After SDS-PAGE, a 1:50 dilution of mouse
serum in 5% non-fat milk-TBS was added to the strips[5].
Histology
Biopsy specimens from the antrum and the corpus were
fixed in 10% buffered formalin, and 4-m sections were
cut. Sections were stained with HE to grade gastritis.
In vitro recombinant attenuated S. typhimurium SL3261/pTC01UreB stability
S. typhimurium SL3261/pTC01-UreB was grown in Luria
broth at 37 ℃ for 80 generations. For every 10 generations,
number of chloromycetin resistant cfu was determined on
LB-agar plates supplemented with 170 g/mL chloromycetin.
In the final generation, the expression of UreB protein was
evaluated by Western blotting.
Statistical analysis
The differences in anti-UreB IgA and IgG antibodies as
well as IFN- and IL-10 from immunized and non-immunized
mice were evaluated using t-test. Differences were considered
significant at P values <0.01.

Detection of anti-UreB antibodies in mice immunized with the
salmonella vaccine strain
The protein of 61 ku, corresponding to UreB, was recognized
by serum from the vaccine group mice. This band was not
detectable in strips tested from non-immunized mice or
mice immunized with Salmonella only. But other non-specific
bands were also observed in most lanes.
Histology of mice stomach tissue
Histology showed that the grade of gastritis had no
difference between the vaccine group and control groups.
Observation of general character
In the initial stage of immunization, the mice had a jaded
appetite and weight loss. No diarrhea and death occurred
in immunized mice.
Recombinant attenuated S. typhimurium SL3261/pTC01-UreB
stability
After 80 generations of continuous culture, nearly 100%
of the SL3261/pTC01-UreB bacterial colonies were
chloromycetin resistant and could express UreB protein.

DISCUSSION
Since the idea of vaccine against H pylori infection was raised
in 1990, scientists have placed emphasis on the study of
H pylori protein vaccine. Urease is necessary for colonization
of H pylori and expressed at high levels by all H pylori strains.
Furthermore, because of the high immunogenicity and the
high conservation (98%) between different H pylori strains,
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the urease is regarded as a promising candidate of H pylori
vaccine. Studies indicated that oral immunization of natural
or recombinant UreB in combination with Cholera toxin (CT)
or Escherichia coli labile toxin (LT) could protect mice from
H pylori infection[6]. But in all successful vaccination protocols,
mucosal adjuvants, i.e., CT or LT, are necessary. One major
drawback with these bacterial adjuvants is that they are toxic
in humans[7]. This restricts the use of oral protein vaccine.
Thus, the development of new vaccine strategies for H pylori
is indispensable. Live attenuated S. typhimurium vaccine
strains expressing foreign antigens are a promising new
generation of vaccines that induce remarkably strong and
specific immune responses in the mammalian hosts when
given by mucosal immunization routes such as the oral,
nasal, rectal and vaginal routes. Moreover, live S. typhimurium
used as vector for heterologous antigens do not require
antigen purification, and they not only can protect antigen
from degradation and denaturation in stomach but also
express adjuvant activity that prevents induction of oral
tolerance. S. typhimurium SL3261 is an aroA gene mutant
that is invasive yet nonvirulent. Human trials indicate that
attenuated S. typhimurium strain is well tolerated and highly
immunogenic and may be useful for the delivery of foreign
antigens and immunoprotection against a variety of
pathogens including H pylori. So S. typhimurium SL3261 is
an efficient live bacterial vector[8].
The expression of protective immunity against gut
pathogens is normally dependent both on local (mucosal)
and systemic mechanisms[2] . We cloned successfully the
prokaryotic vector pTC01-UreB and established attenuated
S. typhimurium SL3261/pTC01-UreB expressing UreB subunit.
We have shown that the multiple oral immunizations with
SL3261/pTC01-UreB could elicit significantly H pylori-specific
mucosal IgA response[4]. The increases in serum IgG and
mucosal IgA anti-UreB antibodies indicate that UreB delivered
by Salmonella is highly immunogenic and capable of inducing
specific humoral immunity and mucosal immunity.
At present, it is generally acknowledged that protective
immunization has been associated with a progressive
disappearance of Th1 cells and the development of a Th2
response[9]. In a recent study, Guy and coworkers showed
strong Th1 and Th2 responses elicited better protection
than a predominant Th2 type response only. They thought
that an appropriate balance between Th1 and Th2 type
responses is required to achieve complete protection[10].
SL3261/pTC01-UreB was vaccinated through the route
of mucosal administration. Mucosal tissues favor the
development of Th2-type responses[11]. Our results showed
that there was significant increase of IFN- and IL-10 in
SL3261/pTC01-UreB group. These suggest that SL3261/
pTC01-UreB can induce strong Th1 and Th2 responses.
Nevertheless, the level of IFN- had no difference between
SL3261/pTC01-UreB group and SL3261control group.
And the level of IFN- in SL3261 control mice was also
higher than in PBS control mice. These facts demonstrate
that the strong Th1 response is associated with attenuated
S. typhimurium used as vaccine vector, because attenuated
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S. typhimurium is a kind of invasive pathogens[12].
Genetic stabilization of foreign antigen expression is a
crucial step in the development of an immunogenic vaccine
strain. Our data showed that there was no pTC01-UreB
plasmid loss in SL3261/pTC01-UreB after 80 generations
of continuous culture. Moreover, expression of UreB from
S. typhimurium SL3261/pTC01-UreB was also obtained at
different phases of growth including in the stationary phase.
All these clarify that the recombinant plasmid pTC01-UreB
is stable in SL3261 and has no obvious toxicity. In addition,
the facts that no obvious side effects for mice and no change
in gastric inflammation were observed indicate S. typhimurium
SL3261/pTC01-UreB is safe. Our results show that the
attenuated S. typhimurium expressing H pylori UreB may be
used as oral vaccine against H pylori infection. Henceforth,
we need to consummate anti- H pylori S. typhimurium vaccine
and evaluate its effect.
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Abstract
AIM: To study the effect of hepatitis C virus nonstructural
region 3 (HCV NS3) protein on proliferation and transformation
of normal human liver cell line.
METHODS: QSG7701 cells were transfected with
pRcHCNS3-5’, pRcHCNS3-3’ and pRcCMV using lipofectamine
transfecting technique and selected with G418 method.
Expression of HCV NS3 protein was determined by
immunohistochemistry. Biologic characteristics of
transfected cells were evaluated by population doubling
time and soft agar assays. Activation of MAPK was analyzed
using Western blot with phosphospecific monoclonal
antibody against dually phosphorylated MAPK.
RESULTS: QSG7701 cells transfected with pRcHCNS3-5’
showed strong intracellular expression of HCVNS3 protein,
and the positive signal was localized in cytoplasm. The
expressing strength of HCVNS3 protein in pRcHCNS3-3’transfected cells was weaker than that in pRcHCNS3-5’transfected cells. The population doubling time in the
transfected cells with pRcHCNS3-5’ (12 h) was much
shorter than those with pRcHCNS3-3’, pRcCMV and normal
cells (24, 26, 28 h, respectively) (P<0.01). The transfected
cells with pRcHCNS3-5’ showed much more anchorage
independent colonies than that in those with pRcHCNS33’ and pRcCMV (P<0.01). The cloning efficiencies of
transfected cells with pRcHCNS3-5’, pRcHCNS3-3’,
pRcCMV and controls were 33%, 1.33%, 1.46%, 1.11%
respectively. The level of phosphorylated MAPK in the cells
with pRcHCNS3-5’ was much higher than that in those
with pRcHCNS3-3’and pRcCMV and normal cells (P<0.01).
CONCLUSION: The results suggest that (1) QSG7701
cells are a better human liver cell line for investigating
the pathogenesis of HCV NS3 protein. (2) 5’ region of the
HCV genome segment encoding HCV NS3 is involved in
cell growth and cell phenotype. (3) HCV NS3 N-terminal
peptide may up-regulate the activation of MAPK, but not

INTRODUCTION
Hepatitis C virus nonstructural region 3 (HCV NS3) gene,
located in nucleotide 3 420-5 312, encodes HCV NS3 protein
consisted of 631 amino acids. HCV NS3 protein is one of
the important pathogenic HCV proteins, which was found
and researched at first. Though it was reported that HCV
NS3 protein probably has many kinds of potential biological
effects, for example, proteinase and helicase activity, mediating
cellular immune response, transactivating telomerase,
regulating p53 function, and affecting protein kinase A (PKA)
and signal transducers and activators of transcription
(STAT) signal transduction, etc. [1-6]. So far the precise
pathogenic mechanism of HCV NS3 protein remains
unclear. Sakamuro et al [7], confirmed that NIH3T3 cells
could be transformed by HCV NS3 protein and formed
tumors in nude mice. Because NIH3T3 strain is a mouse
fibroblast cell line, and its differentiation characteristics are
different from human hepatocytes, NIH3T3 cell transformation
experiment cannot really reflect the carcinogenesis process
of HCV infection. In view of this, human hepatocyte line
QSG7701 was transfected with mammalian expression
plasmid pRcHCNS3, and the effect of HCV NS3 protein
on human hepatocyte transformation and mitogen-activated
protein kinase (MAPK) signal transduction were studied.
MATERIALS AND METHODS
Experimental materials
The mammalian expression plasmid pRcHCNS3-5’ (nucleotides
3 354-4 210, expressing HCV NS3 N-terminal peptide,
Ile1020-Thr1295) and pRcHCNS3-3’ (nucleotides 4 116-5 147,
expressing HCV NS3 C-terminal peptide, Phe1263-Trp1608)
were the kind gifts of Professor Takegami[7]. Non-expressive
plasmid pRcCMV was purchased from Sigma Company,
USA. Human hepatocyte line QSG7701 was from Cytobiology
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Research Institute of Shanghai. LipofectaminTM kit and G418
were the products of GIBCO (Germany). XbaI and buffer
were purchased from Sino-American Biotechnique Inc.
(Shanghai, PR China), anti-HCV NS3 protein MAb from
Boshide (Wuhan, PR China), S-P detection kit from Maxim
Biotech Inc. (Fuzhou, PR China), p42/44MAPK (Erk1/Erk2,
Thr202/Tyr204) which were used to detect the phosphorylation
of MAPK was presented by New England Biolab, USA,
antibody to MAPK was purchased from Santa Cruz. PCR
primers for amplifying HCV NS3-5’ gene were synthesized
at Shanghai Sangon (Shanghai, PR China).
Experimental groups
Untransfected QSG7701 cells, QSG7701 cells transfected
with blank plasmid pRcCMV, QSG7701 cells transfected
with plasmid pRcHCNS3-5’ and QSG7701 cells transfected
with plasmid pRcHCNS3-3’.
Cell culture
QSG7701 cells were cultured and passaged in DMEM
medium with 10% fetal calf serum in an incubator containing
50 mL/L CO2 at 37 ℃.
Preparation, purification and identification of plasmids
Plasmids pRcCMV, pRcHCNS3-3’ and pRcHCNS3-5’ were
transferred into Escherichia coli, which was dealt with calcium
chloride respectively. The E.coli was cultured to amplify the
three kinds of plasmid. A small amount of the plasmids
was prepared from the E.coli to identify specificity of the
plasmids. The plasmids pRcHCNS3-3’ and pRcHCNS3-5’
were digested with XbaI, resolved with agarose gel
electrophoresis, and stained with ethidium bromide. After
identification, the plasmids were massively extracted and
purified for transfecting QSG7701 cells.
Transfection of QSG7701 cells
QSG7701 cells were transfected with plasmids pRcCMV,
pRcHCNS3-3’ or pRcHCNS3-5’ respectively as described
in instruction of Lipofectaminen reagent. Cells were seeded
into selection medium containing G418 until G418-resistant
clones were obtained. Non-transfected QSG7701 cells were
used for parallel control.
To detect cDNA in stable transfectants, total genomic
DNA was extracted from positive clones according to
standard methods and subjected to PCR and agarose gel
electrophoresis analysis. Based on published sequences, the
primers, 5’-CGGGCA CGTTGTAGG CATC-3’ (sense) and
5’-AACGGACGGCTTTAGGACGA-3’ (antisense), were
projected for amplifying the 5’-half sequence of HCV NS3
region[7]. PCR conditions were 35 cycles of three steps (at
94 ℃ for 30 s, at 57 ℃ for 30 s, at 72 ℃ for 40 s) in a 50 L
reaction mixture containing 5 L 10× buffer, 5 L 2 mmol/L
dNTPs, 0.5 L each primer (25 pmol/L), 1 L DNA, 5 U
Taq DNA polymerase, and 37.5 L distilled water. PCR
products were subjected to electrophoresis on a 0.8%
agarose gel for 30 min (voltage: 80 V), visualized by ethidium
bromide staining.
Detection of HCV NS3 protein expression
S-P method was used to detect expression of HCV NS3
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protein in the QSG7701 cells transfected with plasmids
pRcHCNS3-5’, pRcHCNS3-3’, pRcCMV or non-transfected.
PBS was used as substitutes of Mabs for blank control
groups. Hepatocellular carcinoma tissues expressing HCV
NS3 protein was used as a positive control.
Identification of biological behavior of QSG7701 cells
Survey of growth curve Non-transfected and transfected
QSG7701 cells (6×104 cells per well) were inoculated and
incubated in 24-well culture plates respectively, digested and
counted at an interval of 24 h, and the average number of
cells in 3 wells per group was counted per time. The detection
was continued for 8 d. Then the population doubling time
and growth curve of the cells were calculated. To get reliable
results, experiments were repeated thrice.
Anchorage-independent growth test To examine the
ability of G418-resistant cells to grow anchorage independently,
2×10 3 cells were suspended in 0.35% agarose containing
DMEM and 10% fetal calf serum and overlaid onto a
bottom layer of 0.7% agarose in culture plates ( 60 mm).
After 2 wk of culture, clones with more than 50 cells were
scored and the colony formation efficiency was determined
(colony formation efficiency = colony numbers/seeded cell
numbers×100%). The experiments were repeated thrice.
Detection of expression and activity of MAPK
Western blot was used to detect expression and activity of
MAPK. Briefly, cells (5×105) forming clones were inoculated
in a 6-well culture plate and cultured for 24 h. The cells
were incubated in free-serum medium for 24 h to make
cell synchronous, then cultured in medium with 10% FCS
for 5 h to stimulate cell growth. The cells were harvested
and washed twice with pre-cooled PBS. Eighty microliters
of lysis reagent (62.5 mmol/L Tris-HCl, 20 g/L SDS, 10%
glycerol, 50 mmol/L DTT, 1 g/L bromophenol blue) was
added and broken with ultrasound for 5-7 s, boiled at 95100 ℃ for 5 min, centrifugalized at 12 000 g for 5 min.
Twenty microliters of supernatant proteins were resolved
by SDS-10% polyacrylamide gel electrophoresis. After
electrophoresis, the proteins were transferred onto a
nitrocellulose membrane, blocked in 5% skimmed milk for
3 h, probed with the antibody to phosphorylated p44/42
MAPK (1:100) overnight at 4 ℃. After being washed thrice
in TBS containing 0.1% Tween 20, the membrane was treated
with horseradish peroxidase-conjugated anti-mouse antibody
for 1 h. Protein binding was detected by chemiluminescence
reagent (ECL). Then the membranes were eluted in cleaning
solution at 50 ℃ for 30 min, total MAPK was detected
with antibody to non-phosphorylated MAPK as described
above. The bands on X-film were assayed by densitometric
scanning.
Statistical analysis
Analysis of variance and t test were used according to SPSS
10.0.

RESULTS
Identification of plasmids
Plasmids pRcHCNS3-3’ and pRcHCNS3-5’ extracted from
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Figure 1 Agarose gel electrophoresis analysis of pRcHCN3-3’ and
pRcHCN3-5’ digested with XbaI. Lane M: DNA marker (DNA/Hind
III). Lanes 1 and 2: pRcHCNS3-5’ plasmid, 886-bp fragment. Lanes 3
and 4: pRcHCNS3-3’ plasmid, 1 031-bp fragment.

E.coli were digested with XbaI, resolved with agarose gel
electrophoresis, and stained with ethidium bromide. As
shown in Figure 1, electrophoresis analysis revealed that
the major 866- and 1 031-bp fragments were expected from
the plasmids pRcHCNS3-3’ and pRcHCNS3-5’.
Selection and identification of positive clones
Cells transfected were seeded into selection medium
containing G418. Nine pRcHCNS3-5, eight pRcHCNS3-3’
and five pRcCMV positive clones were selected (Figure 2).
Total genomic DNA extracted from transfected cells was
amplified by PCR. As shown in Figure 3, 257-bp fragment
was specifically amplified from DNA of the QSG7701 cells
transfected with plasmid pRcHCNS3-5’, and not amplified
from DNA of the QSG7701 cells transfected with plasmid
pRcHCNS3-3’, pRcCMV and non-transfected NIH3T3 cells.
Expression of HCV NS3 protein in QSG7701 cells
Immunohistochemical staining showed that HCV NS3 protein
was expressed in transfected QSG7701 cells with plasmids
pRcHCNS3-3’ and pRcHCNS3-5’. The positive signal of
HCV NS3 protein was located in cytoplasm. The signal
intensity of HCV NS3 protein in QSG7701 cells transfected
with plasmid pRcHCNS3-5’ was higher than that in cells
transfected with plasmid pRcHCNS3-3’ (Figure 4). The
positive products were also found in positive control group,
but not in blank and negative control groups.

Figure 2 Clones of QSG7701 cell transfected with pRcHCNS3-5’ and
pRcHCN3-3’ plasmid in soft agar. A: pRcHCNS3-5’ transfected group.
B: pRcHCNS3-3’ transfected group (×100).

non-transfected QSG7701 cells was 12, 24, 26, and 28 h,
and the efficiency of colony formation was 33%, 1.33%,
1.46% and 1.11%, respectively. These showed that the
population doubling time and colony formation efficiency
of the cells transfected with pRcHCNS3-5’ were much
shorter and higher than those of cells transfected with
pRcHCNS3-3’, pRcCMV and non-transfected QSG7701 cells.
Detection of phosphorylated p44/42 MAPK in QSG7701 cells
Phosphorylation of p44/42MAPK in the cells transfected with
pRcHCNS3-5’, pRcHCNS3-3’, pRcCMV and non-transfected
cells was detected by Western blot. The optical density
of phosphorylated MAPK was 8 858±887, 5 612±656,
2 212±245, 989±188, respectively. The level of phosphorylated
p44/42MAPK in the cells transfected with pRcHCNS3-5’ was
the highest (P<0.01). Expressions of total p44/42 MAPK in
all groups were not different (12 000±1 174, 11 851±1 048,
11 321±987, 11 058±991, respectively, P>0.05, Figure 6).

Identification of biological behavior of QSG7701 cells
The growth curve of four kinds of cells was detected
(Figure 5). The population doubling time of QSG7701 cells
transfected with pRcHCN3-5’, pRcHCN3-3’, pRcCMV and

M

1

2

3

4

257 bp

Figure 3 Identification of expression plasmid of HCNS3 protein in
QSG7701 cells. Lane 1: pRcHCNS3-5’; lane 2: pRcCMV; lane 3:
untransfected QSG7701 cells; lane 4: blank control.

Figure 4 Expression of HCV NS3 protein in QSG77 cell transfected
with pRcHCNS3-5’ plasmid. The positive products were localized in
cytoplasm. SP ×400.
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DISCUSSION
HCV, a kind of hepatotropic virus, causes hepatopathy by
specific hepatocyte-virus reaction. Its natural host cell is
hepatocyte whose differentiation characteristics are different
from other cells. It is very difficult to culture and passage
normal hepatocytes in vitro. Neither could hepatocytes
effectively express selection markers for eukaryotic expression
plasmids and obtain stable clones, nor could be transformed
successfully with HCV genes. Liver cancer cell lines are
usually used as a substitute of normal hepatocytes for
expressing HCV gene, but they could not be used as subject
cells to identify the effect of HCV genes on cell phenotype[8].
Sakamuro et al [7], reported that HCV NS3 protein could
transform NIH3T3 cells, and NIH3T3 cells transfected
with pRcHCN3-5’ formed tumors in nude mice. NIH3T3
cells is a mouse fibroblast line, therefore transforming
NIH3T3 cells by HCV cannot really reflect the processes
of infection and pathopoiesis of HCV. QSG7701 cells are
an immortal normal human hepatocyte line, which were
taken from liver tissue at 6 cm distance from primary liver
cancer. In our experiment, QSG7701 cell line was successfully
transfected with eukaryotic expression plasmids pRcHCNS35’, pRcHCNS3-3’and pRcCMV, and nine clones of cells
transfected with pRcHCNS3-5’, eight pRcHCNS3-3’ and five
pRcCMV positive clones were obtained respectively. It was
identified by immunohistochemistry that all of pRcHCNS35’and pRcHCNS3-3’positve clones expressed HCV NS3
protein. QSG7701 cells are a kind of human normal phenotype
hepatocyte strains. We first used them as subject cells to
study the effect of HCV on tumorigenesis and obtained
satisfactory results, and built a good cell model expressing
HCV NS3 protein for studying the pathogenesis of HCC
related to HCV NS3 protein.
HCV is a positive-strand RNA virus which does not
have reverse transcriptase activity, and thus there is no
integration of viral genome or genome segments into host
chromosomes. Up to now, it has been suggested that the
malignant transformation of host cells may be caused by
HCV expression gene products[9,10] , in which HCV NS3
protein may play an essential role in hepatocarcinogenesis,
but its exact mechanism is still unclear. HCV NS3 protein
containing 631 amino acids is a multifunctional cytoplasmic
protein whose N-terminal has proteinase activity and Cterminal helicase activity[11] . In our data, QSG7701 cells
expressing HCV N3 N-terminal peptides showed the
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Figure 5 Growth curve of four kinds of cells.
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characteristics of tumor cells to a certain extent and formed
tumor in nude mice (data not shown). The population
doubling time was the shortest, and anchorage-independent
growth ability was the strongest. Whereas, there was no
difference among growth characteristics of pRcHCNS3-3’transfected, pRcCMV-transfected and non-transfected
QSG7701 cells. The results suggest that HCVNS3 Nterminal peptide functioning as proteinase activity may play
an important role during transformation of cells, which is
identical with Sakamuro et al [7] . HCV NS3 protein might
activate oncogenes and signaling transduction molecular of
host cells infected by HCV[2,4,5]. Ras-Raf-MAPK signaling
pathway is closely related to growth and proliferation of cells.
MAPK could be activated by phosphorylation. Continuously
high level of MAPK activity was a key for transformation
and carcinogenesis of cells[12,13]. Our data displayed that
HCVNS3 N-terminal peptide could significantly up-regulate
phosphorylation of p44/42MAPK, but not affect the expression
of total MAPK protein. Cells expressing HCVNS3 Nterminal peptide showed significant transformation phenotype,
suggesting that HCV NS3 protein may induce and promote
cell transformation by activating MAPK signaling pathway.
The precise mechanism of up-regulating MAPK
phosphorylation is still unclear, but it has been reported
that HCV NS3 protein interfered phosphorylation of
proteins and inhibited cAMP-dependent PAK signaling
transduction[4]. In Ras-Raf-MAPK cascade, the interaction
between Ras and Raf contact points is essential for the
plasma membrane localization of Raf, which ultimately leads
to kinase activation. The formation of this protein complex
is negatively regulated by PKA through phosphorylation of
the c-Raf-1 N-terminus. Phosphorylation of c-Raf-1 serine
43 is believed to cause a N-terminal cap structure to cover
the Ras docking site and inhibit Raf activation[14-17]. HCV
NS3 protein (1 487-1 500) contains a arginine-rich sequence
which is highly homologous to substrate recognition site of
PKA R subunit, and could mediate binding of HCV NS3
protein to PKA C subunit and result in inactivation of PKA[18].
HCV NS3 protein may activate Ras-Raf-MAPK signaling
pathway through inhibiting negative regulation of PKA. Our
results showed that the effect of HCVNS3 N-terminal peptide
on up-regulation of MAPK activity was more significant
than that of C-terminal peptide. Because HCV NS3 Nterminal peptide (nucleotides 3 354-4 210, Ile1020-Thr1295)
does not contain the arginine-rich sequence (1 487-1 500),
HCV NS3 protein may activate MAPK through other ways.
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Figure 6 Western blot analysis of phosphorylated (A) and nonphosphorylated (B) MAPK in each group. Lanes 1 and 2: non-transfected group; Lanes 3 and 4: pRcCMV transfected group; Lanes 5-7:
pRcHCNS3-5’ transfected group; Lanes 8-10: pRcHCNS3-3’ transfected group.
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It was reported that HCVNS3 serine protease (nucleotides
3 356-4 080) could induce transformation of rat fibroblasts
and tumor formation in nude mice. Their experiments
suggested that the transformation and tumorigenesis induced
by HCV NS3 serine protease were dependent on an active
enzyme[19]. In conclusion, HCV NS3 N-terminal peptide
expressed by QSG7701 cells transfected with pRcHCNS35’ contains the sequence coding HCV NS3 serine protease.
It may need further investigation whether MAPK can be
activated by serine protease of HCV NS3 N-terminal peptide,
and result in proliferation and transformation of hepatocytes.
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Abstract
AIM: To study the clinicopathological significance of p53
and mdm2 protein expression in human pancreatic cancer.
METHODS: To investigate the expression of p53 and
mdm2 in pancreatic cancer by immunohistochemistry, and
the relationships between the p53 and mdm2 protein
expression and clinicopathological parameters in
pancreatic cancer.
RESULTS: The positive expression of p53 protein was
found in 40 of 59 patients (67.8%) and that of mdm2
protein in 17 of 59 patients (28.8%). No obvious
relationships were found between p53 as well as mdm2
expression and sex, tumor site, TNM staging and
histological differentiation. p53 expression was increased
in patients younger than 65 years old, while mdm2 had
no relationship with age. The survival time of the patients
with the positive expression of p53 and mdm2 proteins
was obviously shorter than the other groups.
CONCLUSION: Both p53 and mdm2 presented relatively
high expression in human pancreatic cancer. The
overexpression of p53 and mdm2 might reflect the
malignant proliferation of pancreatic cancer and their
co-expression might be helpful to evaluate the prognosis
of the patients with pancreatic cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreatic cancer is a gastrointestinal neoplasm with high

malignancy and poor prognosis. Incidence of pancreatic
cancer has shown the increasing trend in recent years, but
the therapeutic efficacy is still not satisfying. That is related
to the pancreas’ deep location, lack of specific early
symptoms, difficult early diagnosis and scarce chance of
surgical resection; even for the surgical cases, the 1-, 3- and
5-year cumulative survival rates were 49.8%, 16.8% and
9.6%, respectively[1].
With the development of techniques, molecular biology
research has indicated that p53 tumor suppressor gene plays
an important role in DNA transcription, cell growth and
proliferation, DNA repair and various metabolic processes.
p53 abnormalities such as gene mutation and depletion can
lead to the altered intracellular signal transduction pathways
as well as loss of the regulation of cell growth, apoptosis,
and DNA repair, which are responsible for carcinogenesis.
Previous report showed that p53 gene mutation rate in
pancreatic cancer is as high as 50-70%[2,3]. p53 protein
expression and gene mutation may indicate the prognosis
of pancreatic cancer, and their expression level might be
useful in the determination of surgical therapy outcome
and clinical prognosis[4]. But, controversy still remains in
this point at present. mdm2, murine double minute gene 2,
is an oncogene (the corresponding human homologous gene
is hdm2). mdm2 protein (homologous protein in human is
called hdm2 protein) can be combined with p53 to inhibit
p53 function of growth supervision, leading to cell
overgrowth into tumor. Therefore, we detected the
expression of p53 and mdm2 in primary invasive ductal
carcinoma (IDC) of the pancreas by immunohistochemistry,
analyzed their relationships to clinicopathological parameters
and then investigated the influence on the biological activity
of pancreatic cancer.

MATERIALS AND METHODS
Tissue samples
Fifty-nine well-documented surgically resectable specimens
of IDCs of the pancreas were obtained in The First Affiliated
Hospital of China Medical University from May 1978 to
May 1997. During this period, the main method for treating
pancreatic cancer was standard pancreatioduodenectomy,
although the diagnostic procedure has relatively improved.
The specimens were processed routinely by 40 g/L
formaldehyde fixation and paraffin-embedment. All the
cases were confirmed as IDCs of the pancreas pathologically.
There were 21 male cases and 38 female cases. Ages of the
patients ranged from 23 to 76 years old (47 cases <65 years
old; 12 cases ≥65 years old). Based on TNM staging
standard established by International Union Against Cancer
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(UICC), 4 patients were in stage I, 8 were in stage II, 42
were in stage III, and 5 were in stage IV. Differentiation
degree: 19 cases were well differentiated, 21 cases
moderately differentiated and 19 cases poorly differentiated.
Average survival time after surgery was 11.2 mo and still
two cases survived at the end of follow-up. Because a few
cases were performed with radical pancreatioduodenectomy,
we did not analyze specially the effect of this style of operation
on prognosis of the patients. In addition, five patients in
stage IV underwent standard pancreatioduodenectomy from
achievement data, but not vascular excision. Because we
cannot get whether these tumor margins were checked in
operation note or not, it is different to evaluate the effect
free of tumor margins on prognosis.
Immunohistochemical staining
Immunostaining was performed using the streptavidin-biotin
technique (SAB method). p53 monoclonal antibody (Ab-6)
and mdm2 (Ab-1) were purchased from Dako Company.
According to the manufacturer’s instruction, antibody
dilutions at various working concentration were prepared:
p53 (Ab-6), 1:20; mdm2 (Ab-1), 1:100.
The 4-m sections were deparaffinized with xylene thrice
for 3-5 min each, dehydrated in a gradient series of alcohol
thrice (100%, 95% and 45% alcohol), and rinsed by PBS.
Each section was covered with 0.3% peroxyacetic acid for
15 min to block endogenous peroxidase activity, microwaved
for antigen retrieval (800 W, 5 min×3 min), and cooled in
the room temperature for 40 min. Non-specific binding
sites were blocked by 10% normal rabbit serum for 10 min.
These sections were first incubated with primary antibody
for 2 h at room temperature, and then rinsed twice with
PBS. This is followed by incubation with a secondary
antibody for 15 min at 37 ℃ as well as another rinsed twice
with PBS. Slides were then treated with streptavidinperoxidase reagent for 10 min and rinsed with PBS twice.
The sections were visualized with 3,3’-diaminobenzidine
(DAB) for 5 min, counterstained with hematoxylin and
mounted for observation under microscope.
Evaluation of immunohistochemical analysis
Nuclear staining of p53 and mdm2 protein was shown as
brown granules (Figure 1). Positive result was defined
as 10% or more than 10% of the tumor cells showing
positive staining.
Statistical analysis
SAS 8.0 was used. p53 and mdm2 interaction as well as
their correlations with clinicopathological parameters was
performed by 2 test. Group comparison was analyzed by
analysis of variance. Statistical analyses for cumulative
survival rate, survival time difference and multiplicity were
performed using Kaplan-Meier method, log-rank test and
Cox proportional hazards model, respectively. Significant
differences were accepted at P<0.05.

RESULTS
p53 and mdm2 protein expression in pancreatic cancer
p53 protein expression rate was 67.8% (40/59); but mdm2
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A

B

Figure 1 p53 and mdm2 staining in primary IDC of the pancreas
(original magnification, ×200). A: p53 staining was seen in the majority
of tumor cell nuclear; B: mdm2 staining was found in tumor cell nuclear.

protein expression rate was 28.8% (17/59). p53 and mdm2
protein expression rate did not correlate with sex, tumor
site, TNM staging and differentiation rate. p53 expression
was relatively high among the group with age <65 years old
(2 = 4.711, P<0.05). There was no relationship between
mdm2 expression and age (Table 1).

Table 1 Correlation between p53 and mdm2 expression and clinicopathological parameters
Parameters
Gender

No. of patients
(n = 59)

Number expressing (%)
p53(+) (n = 40)

mdm2(+) (n = 17)
10 (26.3)

Male

38

25 (65.8)

Female

21

15 (71.4)

7 (33.3)

Age (yr)

<65

47

35 (74.5)

13 (27.7)

≥65

12

5 (41.7)

4 (33.3)

Site

Head

52

34 (65.4)

16 (30.8)
1 (14.3)

7

6 (85.7)

TNM stage I

Body/tail

4

2 (50)

0 (0)

II

8

4 (50)

0 (0)

III

42

34 (81)

15 (35.7)

IV

5

4 (80)

2 (40)

Well

19

14 (73.7)

4 (21.1)

Moderate

21

12 (57.1)

9 (42.9)

Poor

19

14 (73.7)

4 (21.1)

Grade

Correlation between the p53 and mdm2 protein expression
p53 expression rate was 88.2% (15/17) in the mdm2
expression positive cases, and 59.5% (25/42) in the mdm2
expression negative cases, indicating that there was
correlation between the p53 and mdm2 protein expression
(2 = 4.57, P = 0.0325).
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Figure 2 Survival curves with Kaplan–Meier method was applied in analyzing the influence of p53, mdm2 and their combined expression
on post-surgical survival time.

Relationship between the p53 and mdm2 protein expression
and prognosis
As shown in Table 2, median survival time of p53(+) and
mdm2(+) group was 7.4 mo, p53(+) and mdm2(-) group
13.5 mo, p53(-) and mdm2(+) group 9.2 mo, p53(-) and
mdm2(-) group 12.8 mo. Kaplan–Meier method was used
for analyzing cumulative survival rate (Figure 2). Group
comparison was analyzed by log-rank test, indicating that
the median survival time of various groups had significant
difference (2 = 11, P<0.05). p53(+) and mdm2(+) group
had shorter survival time as compared with other groups.
Cox proportional hazards model was applied in multifactor
analysis (p53, mdm2, clinicopathological parameters and
survival time after surgery), indicating various factors such
as sex, age, tumor site, TNM staging, differentiation rate,
and p53 had no correlation with survival time after surgery,
but mdm2 was an exception (P<0.05, Table 3).
Table 2 Correlation between p53 and mdm2 expression and prognosis
Protein expression

No. of patients

Median survival (mo)

p53(+)

40

6.2

p53(–)

19

10.3

mdm2(+)

17

6.8

mdm2(–)

42

12.1

p53(+)mdm2(+)

15

7.41

p53(+)mdm2(–)

25

13.5 1

p53(–)mdm2(+)

2

9.21

p53(–)mdm2(–)

17

12.8 1

1

Group comparison was performed by log-rank test (2 = 11, P = 0.012).

Table 3 Correlation between various factors and survival time by
Cox proportional hazards model (dependent variable, mo; censoring variable, death due to pancreatic cancer)
Variable

Parameter
estimate (SE)

Conditional risk ratio
(95% confidence limits)

P
(2)

mdm2

0.969 (0.324)

2.636 (1.397–4.975)

0.003

Age (yr)

0.210 (0.013)

1.021 (0.996–1.047)

0.101

TNM

0.279 (0.223)

1.322 (0.853–2.048)

0.212

Grade

0.207 (0.193)

1.229 (0.842–1.795)

0.285

Site

–0.468 (0.469)

0.627 (0.250–1.570)

0.318

p53

0.336 (0.345)

1.399 (0.712–2.751)

0.330

–0.010 (0.352)

0.990 (0.496–1.974)

0.977

Gender

DISCUSSION
p53 tumor suppressor gene located at 17q13.1, which can
induce cell apoptosis. Wild-type p53 protein inhibits cell
proliferation, halts cell division at the G1 checkpoint, and
facilitates the injured DNA repair. p53 protein can induce
cell apoptosis to prevent the mutated DNA passage to the
next generation in case of the failed DNA repair. Due to
the loss of cell supervision of p53 protein after mutation,
cell is susceptible to entry of S phase with injured DNA
and the genetic instability is the source of gene mutation
and chromosomal aberration, leading to cell malignant change
and tumor formation. In our experiment, p53 protein
expression rate was 67.8%. Almost all the detected p53
protein is mutated because the extremely short half-life of
wild-type p53 protein makes the immunohistochemical
detection invalid. This expression rate is consistent with the
50-70% of p53 mutation rate in pancreatic cancer according
to previous reports[2].
mdm2, a newly discovered oncogene, is located at
12q13.14. The major function of mdm2 is to inhibit the
transcription activation by p53 as well as to prevent
carcinogenesis. As the target gene of p53 transcription, mdm2
can combine with p53 to form a refined feedback regulation
loop. Wild-type p53 gene induces the high expression of
mdm2 protein, which, in turn, inhibits p53 transcription
activity and strictly controls p53 protein level. mdm2
overexpression can block the p53-mediated transactivation,
depriving p53 gene of antineoplastic activity[5]. mdm2 gene
amplification has been found in 36% of all types of sarcomas,
10% of well-differentiated glioma as well as esophageal
cancer, neuroblastoma, anaplastic astrocytoma[6]. Our study
has proved that p53 protein expression rate was 88.2%
(15/17) in mdm2 positive cases and 59.5% (25/42) in
mdm2 negative cases, indicating the correlation between
the two proteins.
Cox proportional hazards model was applied in
multifactor analysis (p53, mdm2, clinicopathological
parameters and survival time after surgery), indicating only
mdm2 had correlation with survival time after surgery.
Patients with negative mdm2 expression had longer survival
time after surgery. However, various factors including sex,
age, tumor site, TNM staging, differentiation rate and p53
had no correlation with survival time after surgery. Whether
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p53 expression in pancreatic cancer is related to prognosis
is still under debate, although our data showed that the
survival time after surgery for the group with positive
p53 expression was shorter than that for the group with
negative p53 expression (Table 2). Some authors believe
that p53 expression correlates with poor prognosis and it
has been reported that p53 expression and p53 gene
mutation can serve as an indicator of prognosis[7,8]. The
reason for this confusing condition is still unknown. It
may be related to the antibody choice, specimen process
and preservation method[9,10]. Another possible reason is
that p53 protein cannot completely reflect the p53 gene
expression changes. For example, immunohistochemical
staining might not detect p53 protein expression although
p53 gene abnormalities (deletion mutation, frame shift
mutation, nonsense mutation) or mdm2 overexpression are
present. In these cases, there is no p53 protein expression
but p53 gene expression. Thus, we believe that p53 protein
expression cannot truly reflect p53 gene change, which is
related to poor prognosis.
Although multifactor analysis by Cox proportional
hazards model indicated that only mdm2 correlates to the
survival time after surgery, different combination of p53
protein and mdm2 protein may be related to the prognosis.
As shown in Table 2, p53(+) and mdm2(+) group had
shorter survival time as compared with other groups,
indicating that overexpression of p53 and mdm2 protein
may reflect malignant proliferation of pancreatic cancer
and combined detection of the two proteins may be
beneficial for the prediction of prognosis. The mdm2
oncogene product forms a complex with the p53 protein
and affects normal p53 function[9]. However, the cases in
this study were too small to draw a definitive conclusion.
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Further studies in increased number of patients using a
rigorous research design are necessary in the future.
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Abstract
AIM: To evaluate the correlations of plasma von Willebrand
factor (vWF) level with the distant metastasis and
prognosis of patients with colorectal cancer.
METHODS: A total of 86 patients with histologically
confirmed metastatic colorectal cancers receiving treatment
at Taipei Veterans General Hospital were enrolled. All
patients had measurable metastatic lesions and life
expectancies of more than 3 mo. Plasma vWF levels were
measured by immuno-turbidimetric assay and compared
with results from 40 non-metastatic colorectal cancer
patients and 22 healthy controls. Patients with metastatic
colorectal cancer were divided into two groups according
to serum vWF levels and the differences between these
two groups were analyzed using 2 test. Data on age,
gender, performance status, location of primary tumor,
extent of metastasis, site of metastases, histological
differentiation, serum CEA and plasma vWF levels were
analyzed to determine association with survival. Survival
curves were constructed by Kaplan-Meier product limit
method and the data was analyzed using log-rank test on
a microcomputer. Multivariate analysis using the Cox’s
proportional hazards regression model was then
performed to determine the independent prognostic
indicators among all of the possible variables.
RESULTS: Colorectal cancer patients were identified as
having significantly higher plasma vWF concentrations than
healthy controls (P<0.05). Moreover, higher vWF plasma
levels were associated with advanced tumor stage (P<0.05)
and the presence of multiple metastases (P = 0.014).
Patients with lower vWF plasma levels (≤160%) survived
significantly longer than those with a higher plasma vWF
level (log-rank test, P = 0.0043). By multivariate analysis,

plasma vWF levels (P<0.001), the extent of metastasis
(P = 0.012), and the performance status (P = 0.014)
were identified as independent prognostic factors.
CONCLUSION: Our data indicates that high plasma vWF
concentrations correlate with advanced diseases and
significantly poor prognosis of patients with metastatic
colorectal carcinoma. It may serve as a potential biological
marker of disease progression in these patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Recently, colorectal cancer has become one of the leading
causes of cancer-related mortality in Taiwan and the incidence
of colorectal cancer in Taiwan has increased over the past
few decades. One possible reason is the introduction of
Western foods to the local diets[1]. Blood-borne metastasis
is the major cause of death from colorectal carcinoma[2] .
The development of metastasis is a stepwise process that starts
when cancer cells separate from a primary tumor, migrate
across blood vessel walls into the bloodstream, and disperse
throughout the body to generate new colonies. During the
transit into the circulating system, tumor cells are exposed
to fluid mechanical forces, plasma proteins, and vascular
cells such as platelets. All of which may affect their survival
and extravasations from the vasculature[3,4].
Von Willebrand factor (vWF) is a glycoprotein that
synthesized mainly in endothelial cells and in megakaryocites[5].
It mediates the adherence of platelets to sub-endothelial
matrices during vascular-endothelial damage and acts as a
carrier protein for coagulation factor VIII[6]. Increased plasma
vWF concentrations have been reported in various clinical
conditions such as diabetes mellitus[7], myocardial infarction[8],
liver diseases[9], connective tissue diseases[10] , and acute
infections, probably as a result of increased endothelial cell
proliferation or as a part of the acute-phase reaction in
response to vascular damage [11] . High plasma vWF
concentrations have been reported in patients with various
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types of cancer, such as prostate cancer [12] , cervical and
ovarian carcinoma [13], head and neck cancer [14,15], and
colorectal cancer [16] . Moreover, high plasma vWF
concentrations often correlate with advanced tumor staging
and may have prognostic significance in these patients[12-16].
vWF plays a very important role in the pathogenesis of
metastasis, by promoting the binding of tumor cells to platelets,
and subsequently, to vascular subendothelium[17-20]. This
interaction forms heterotypic cellular emboli, which are not
easily recognized by the immune system and have more
chance of attaching to the endothelial surfaces than single
tumor cells[17-20]. Since blood-borne metastasis is the major
cause of death from colorectal carcinoma and vWF is related
to the process of metastatic dissemination of malignant
cells, to evaluate its potential as a marker of tumor
metastasis is warranted. In the current study we investigate
the correlation of plasma vWF levels with the distant
metastasis of colorectal cancer patients; furthermore, we
determine the prognostic significance of plasma vWF levels
in these patients.

MATERIALS AND METHODS
Patients
A total of 86 patients with histologically confirmed metastatic
colorectal carcinoma receiving treatment at Taipei Veterans
General Hospital were enrolled between 2002 and 2003.
All patients had measurable metastatic lesions and life
expectancies of more than 3 mo. They all received 5fluorouracil (5-FU)-based systemic chemotherapy and the
treatments were continued until disease progression or
intolerable toxicity appeared. Salvage chemotherapy with
CPT-11, oxaliplatin or capecitabine was allowed. Data on
age, gender, performance status, location of primary tumor,
extent of metastases, site of metastases, histological
differentiation, serum CEA level, and plasma vWF levels
was analyzed to determine the association with survival.
The characteristics of these patients are shown in Table 1.
Methods
Plasma vWF concentrations were measured using immunoturbidimetric assay according to manufacturer’s instruction
(DIAGNOSTICA STAGO, France). Briefly, this assay is
based on the change in turbidity of a microparticle suspension
that is measured by photometry. A suspension of latex
microparticles, coated by covalent bonding with antibodies
specific for vWF, is mixed with the test plasma whose vWF
antigen level is to be assayed. An antigen-antibody reaction
leads to an agglutination of the latex microparticles which
induces an increase in turbidity of the reaction medium.
The increase in turbidity is reflected by an increase in
absorbance which can be measured photometrically. The
cut-off level of vWF was set at 160%. The data was
compared with results from 40 non-metastatic colorectal
cancer patients and 22 healthy controls.
Patients with metastatic colorectal cancer were divided
into two groups according to plasma vWF levels.
Stratification and the differences between these two groups
were analyzed using the 2 test[21] . Survival curves were
constructed by the Kaplan-Meier product limit method and
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the data was analyzed by log-rank test on a microcomputer[22].
Multivariate analysis using the Cox’s proportional hazards
regression model was then performed to determine the
independent prognostic indicators among all of the possible
variables[23]. All statistical analyses were carried out with SPSS
statistical software package.

RESULTS
High plasma vWF level is associated with advanced stage of
colorectal carcinoma
The mean plasma level of vWF was 241.3±68.2% in patients
with colorectal cancer and 110.1±27.0% in healthy controls
(P<0.001). vWF measurements according to Dukes’ stage
are presented in Figure 1. In patients with tumors invading
regional lymph nodes (Dukes’ C, n = 26), the mean plasma
vWF level was similar to those without regional lymph node
invasion (Dukes’ B, n = 14) (211.7±40.0% vs 207.9±36.0%).
However, the plasma vWF level was 266.1±91.3% in patients
with metastatic diseases (Dukes’ D, n = 86), which was
significantly higher than those without distant metastasis
(Dukes’ B or C, P = 0.001). As shown in Table 1, there was
no significant correlation between plasma vWF concentrations
and age, gender, performance status, location of tumor,
histological grading, or serum carcinoembryonic antigen
level. However, higher vWF plasma levels were correlated
with multiple metastatic sites (P = 0.014) and, to some extent,
trend of liver metastasis (P = 0.110).
Table 1 Patients’ characteristics according to different plasma
vWF levels
Characteristics
n
Age (yr)
<50
50–70
>70
Gender
Male
Female
Performance status
0
1. 2
Primary tumor
Colon
Rectum
Extent of metastases
One site
Multiple sites
Site of metastases
Liver
Lung
Lymph nodes
Peritoneum
Others
Histology
Well-differentiated
Moderately-differentiated
Poorly-differentiated
Unknown
Serum CEA level
≤20 ng/mL
≤20 ng/mL

vWF>160%

vWF≤160%

53

33

23
18
12

14
11
8

36
17

20
13

32
21

18
15

28
25

16
17

20
33

22
11

37
34
6
8
3

17
20
3
5
1

8
25
13
7

5
19
4
5

19
34

10
23

P

0.986

0.496

0.656

0.825

0.014

0.110

0.558

0.646

CEA: Carcinoembryonic antigen; vWF: Von Willebrand factor.
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High plasma vWF level is associated with poor prognosis of
patients with metastatic colorectal carcinoma
As shown in Table 2, by univariate analysis the plasma vWF
levels (P<0.001), performance status (P = 0.022), and extent
of metastasis (P = 0.028) were identified as survival
predicting factors, while age, gender, location of primary
tumor, site of metastasis, histological differentiation, and
pre-treatment serum CEA levels were not statistically
significant. By multivariate analysis, plasma vWF levels
(P<0.001), performance status (P = 0.014), and extent of
metastasis (P = 0.012) were identified as independent
prognostic factors. As shown in Figure 2, the survival curves
plotted by Kaplan-Meier method and analyzed by log-rank
test revealed that patients with plasma vWF level of less
than 160% survived significantly longer than those with
plasma vWF of more than 160% (P = 0.0043).

DISCUSSION
Metastasis is a multi-step process involved in the alterations
of cell-cell adhesion, angiogenesis, degradation of extracellular
matrix, escape of immune surveillance, and cell-matrix
adhesion [24]. Cell-matrix adhesive interaction plays an
important role in the normal organization and stabilization
of the cell layer in epithelial tissue. However, in tumor cells
the adhesive interaction for these cells and the subendothelial
matrices is essential for their metastasis, and molecules that

Table 2 Analysis of prognostic factors on survival
Variables
Age (yr)
<50
≥50
Gender
Male
Female
Performance status
0
1. 2
Site of primary
tumor
Colon
Rectum
Extent of metastases
One site
Multiple sites
Liver metastases
Present
Absent
Lung metastases
Present
Absent
Histological
differentiation
Well/moderate
Poor/unknown
Pre-treatment CEA
≤6 ng/mL
>6 ng/mL
Pre-treatment vWF
≤160%
>160%

n

Univariate(P)

Multivariate(P)

37
49

0.528

–

56
30

0.986

–

50
36

0.022

0.014

44
42

0.430

–

42
44

0.028

0.012

54
32

0.658

–

54
32

0.443

–

57
29

0.718

–

29
57

0.213

–

33
53

<0.001
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mediate this adhesive process may facilitate tumor cells to
metastasize. vWF appears to play an important role in this
process, and higher plasma vWF levels have indeed been
reported in various types of cancer[12-16]. Evidence has shown
that this phenomenon is related to the accelerated endothelial
synthesis associated with tumor-dependent angiogenesis[3,4].
In addition, the release of thrombin by tumor cells may
induce vWF production in endothelial cells and enhance
the adhesion of tumor cells[25,26] . A deficiency of vWFcleaving activity by its protease control system has recently
been identified in colorectal cancer patients, and this deficiency
was associated with the progression of the disease [27].
Moreover, a high vWF-positive microvessel number was also
identified as an unfavorable prognostic marker for patients
with stage-II and stage-III colorectal cancer[28].
The binding of vWF to several types of collagen may
contribute to the attachment of platelets to the extracellular
matrices of subendothelium; furthermore, a direct interaction
between vWF and neoplastic cells has been demonstrated[29].
The expression of surface glycoprotein GpIb and GpIIbIIIa complex, the adhesive ligands for vWF, has been reported
in tumor cells[25,26], which may contribute to the metastatic
process by promoting the binding of tumor cells to platelets
via plasma vWF. Moreover, such interaction results in heterotypic
cell aggregates, which are not easily recognized by the
immune system and are more capable of producing adherence
to endothelial surface than single tumor cells [25,26,29].
Interestingly, experiments on animals have shown that antiplatelet and anti-vWF antibodies can substantially reduce
the occurrence and number of metastasis[25-27,29], indicate that
plasma vWF indeed plays a crucial role in the process of
metastasis of tumor cells.
A positive correlation between Dukes’ stage and plasma
vWF concentrations in colorectal cancer patients was recently
reported[16] . Our study demonstrated a similar result that
plasma vWF levels in colorectal cancer patients were
significantly higher than in healthy controls, and the highest
vWF plasma levels were observed in patients with metastatic
diseases (Figure 1). Moreover, a higher vWF plasma level was
shown to be associated with multiple metastases (P = 0.014)
in our study (Table 1). Elevations in vWF plasma levels of
patients with disseminated diseases reflect the enhancement

400
vWF plasma level (%)
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a

300
a

a

200
100
0

Controls Dukes’B Dukes’C

Dukes’D

Patient groups
<0.001

CEA, carcinoembryonic antigen; vWF: von Willebrand factor; –: no significance.

Figure 1 Plasma vWF levels according to Dukes’ stages of colorectal
cancer. Elevated plasma vWF levels were observed in colorectal
cancer patients in a stage-dependent manner. (Data are means±SD.
a
P<0.05 vs the control group).
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Figure 2 Survival curves according to plasma vWF levels. -○-, vWF
≤160% (n=33); -●-, vWF> 160% (n = 53). Patients with plasma
vWF levels of less than 160% survived significantly longer than
those with vWF of more than 160% (P = 0.0043; log-rank test).

of angiogenic activity to sustain a larger tumor cell burden
and the metastatic progression[16]. Furthermore, the metastatic
status of these patients may represent an effect of the adhesive
property of vWF, which seems to play a crucial role during
the course of hematological spread[16].
Recently, a high vWF-positive microvessel number was
identified as an independent prognostic marker of patients
with stage-II/III colorectal carcinoma[28]. However, the
relationship between plasma vWF levels and the survival
of patients with metastatic colorectal cancer remains unclear.
Since high plasma vWF concentrations were associated with
advanced stage and multiple metastasis of colorectal cancer
patients in our study, its impact on survival is of interest.
In the current study, by log-rank test, patients with lower
vWF plasma levels (≤160%) survived significantly longer
than those with higher plasma vWF levels (Figure 2). By
multivariate analysis, plasma vWF level (P<0.001) was also
identified as an independent prognostic factor (Table 2).
Serum carcinoembryonic antigen (CEA) level is the most
widely used marker for both prognostic predicting and posttreatment monitoring of patients with colorectal cancer[30,31].
Furthermore, serum CEA levels could also be used in the
monitoring of response to systemic chemotherapy in patients
with metastatic colorectal carcinoma[32]. In addition to CEA,
CA19-9 is another useful serum marker for predicting the
prognosis of metastatic colorectal cancer patients[33]. However,
in spite of higher plasma vWF levels correlating with both
advanced stage and poor prognosis of colorectal patients in
our study, a higher plasma vWF level was not identified to
be associated with higher serum CEA level (Table 1).
In summary, our data indicates that plasma vWF levels
are elevated in colorectal cancer patients in a stage-dependent
manner, and a high plasma vWF level correlates with
significantly poor prognosis of patients with metastatic
diseases. Plasma vWF level may serve as a potential biological
marker of disease progression in colorectal cancer patients.
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Abstract
AIM: To determine the outcome of polypoidal lesions within
the gall bladder (PLG) diagnosed by trans-abdominal
scanning.
METHODS: A nine-year (1993–2002) retrospective casenote review of all patients who underwent ultrasound
scanning after referral to a single Upper GI Surgeon at a
District General Hospital was conducted. Patients who
were diagnosed with a PLG were included in our study. A
database was constructed and patient details, investigations
including ultrasound scan (USS) findings, treatment and
histology and final diagnosis were recorded.
RESULTS: Twenty-three (out of 651) patients were
diagnosed pre-operatively by USS to have a polyp-like
gall bladder lesion (PLG). Post cholecystectomy histological
examination revealed 12 gallstones, 7 cholesterol polyps,
3 adenocarcinomas within polyps and 1 normal gall
bladder. The specificity of USS in the diagnosis of PLG
was 92.3%. All the true polyps were malignant. Overall
USS had 66.66% sensitivity and 100% specificity in the
pre-operative suspicion of malignancy. Using size greater
than 10 mm as measured on USS as a cut-off, we find
100% sensitivity and 86.95% specificity with a positive
predictive value of 50% in the diagnosis of malignancy in
PLG.
CONCLUSION: A large number of PLG are in fact calculi
within diseased gall bladder. In cases of gall bladder polyps
more then 10 mm in size on USS further imaging (crosssectional and/or EUS) is indicated prior to surgery. This
will help in the optimal management of patients and avoid
histological surprises.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
A polypoidal lesion may be defined as an elevation on the
gall bladder mucosa. Such polypoid lesions affect 5% of
the adult population[1]. The majority of gall bladder polyps
are benign, most commonly being cholesterol polyps,
however it is their malignant transformation that is the cause
for concern[1].
Initial imaging for hepatobiliary disease is usually
ultrasonography, hence both surgeons and physicians are
often presented with an ultrasound report suggestive of a
polypoid lesion within the gall bladder (PLG)[2]. Generally
polyps in the gall bladder are demonstrable on ultrasonography,
only when they are over 5 mm in diameter. Sonographic
differentiation between benign and malignant polyps (and
calculous disease) relies greatly on the size of a single nonmobile lesion within the gall bladder. Simple cholecystectomy
is curative in early gall bladder carcinoma[3]. Such curative
resection is limited to cases in which the carcinoma was
diagnosed in gall bladders resected for benign disease[4,5].
Their malignant potential increases with size, as demonstrated
in a Japanese study where majority of malignant tumors
were over 10 mm[6].
Our study was a retrospective case note review of
patients referred to a consultant surgeon between 1993 and
2002. The inclusion criterion into the study was the suggestion
of PLG on ultrasonography. The aim of this study was to
determine the efficacy of ultrasound scan in diagnosing
polyps, by correlating post cholecystectomy histopathological
findings with the preoperative sonological results. The
literature on existing controversy in imaging and management
is thereafter reviewed and discussed briefly.
MATERIALS AND METHODS
In the nine years between April 1993 and March 2002, 751
cholecystectomies were performed at a district general
hospital. Six hundred and fifty-one case notes were individually
reviewed and ultrasound findings were correlated with final
gall bladder histopathology report. The Ultrasound probe
used was a 3.5/5.0 MHz transducer. The sonological study
was performed by consultant radiologists as per hospital
protocol. In cases where sonography was suggestive of PLG,
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the scan was repeated by the same radiologist, to check for
the mobility of the lesion in an attempt to exclude calculous
etiology.
The only inclusion criterion was the presence of a solitary
lesion within the gall bladder on pre-operative USS. This
inclusion into the study did not differentiate between the
method of definitive surgical management, i.e., laparoscopic
or open procedure. The histopathological reporting was done
by consultant pathologists, and only formal reports were
considered.

RESULTS
Preoperative ultrasonography suspected PLG (polyp like
gall bladder lesion) in 23 out of 651 patients. In the remaining
628 patients the USS diagnosis was multiple gallstones with
or without acute/chronic inflammation.
Among our study group (n = 23) the female to male
ratio was 16:7 with a mean age of 56.8 years. Twenty-one
patients had symptomatic disease while the remaining two
were symptom free.
A diagnosis of polyp like gall bladder lesion was made
on the basis of: (1) An immobile gall bladder lesion with
no post-acoustic shadows; (2) Normal common bile duct
diameter. The range of the sizes of PLG was 2-22 mm
(mean 7.91, standard deviation 4.26). Histological examination
revealed multiple lesions in three patients all of which turned
out to be gall bladder calculi. These results are detailed in
Table 1. The sensitivity of USS in making a diagnosis of
PLG was 100% (this is obvious given the inclusion criteria
of our study), the proportion of patients correctly diagnosed
as having a gall bladder abnormality (specificity) was 92.3%,
since one patient had a histologically-normal gall bladder.
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Ultrasound scan could not exclude gall bladder malignancy
in two PLG cases. The suspicion about the malignant nature
of these two PLG was the size of the polyp within the gall
bladder (18 mm and 20 mm). In spite of the suspicion of
cancer of gall bladder, no further imaging was performed in
both cases because: (1) Cross sectional imaging was not
widely available in the earlier years of our study; (2) Solitary
lesions within the gall bladder were assumed to be due to
calculous disease necessitating cholecystectomy.
In all the 23 patients laparoscopic cholecystectomy was
performed. Median hospital stay was 2 d with a range of
2-5. There were no peri- or post-operative complications.
Histopathological examination of these 23 resected gall
bladders revealed calculous cholecystitis in 12 (52%) cases,
cholesterosis in eight patients and a focus of adenocarcinoma
in three specimens. No histopathological abnormality
was found in one gall bladder. No true benign polyps
were seen, all the three true polyps contained a focus of
adenocarcinoma.
Out of the three histologically proven gall bladder
malignancies, pre-operative USS raised the suspicion of
malignancy in two cases. With regard to a diagnosis of
malignancy, USS had 66.66% sensitivity and 100% specificity
(true positives: 2, false positives: 0, true negatives: 20, false
negative: 1 [USS diagnosis was a solitary calculus]). One
other gall bladder specimen was reported to have no
abnormality on histopathology despite a preoperative
suspicion of PLG on ultrasonography.

DISCUSSION
Majority of polypoidal lesions within the gall bladder are
due to calculous biliary disease. Cholesterolosis is defined

Table 1 Summary of USS and pathological features
Symptom

Post acoustic shadow

Lesion –number/mobility

Size mm

USS diagnosis

Histologic diagnosis

1

Bil Colic

No

1/immobile

2-3

PLG

2

Bil Colic

No

1/immobile

5

PLG

Calculi

3

Bil Colic

No

1/immobile

5

PLG

Cholesterosis

4

Bil Colic

No

1/immobile

5

PLG

Cholesterosis

5

Bil Colic

No

1/immobile

5

PLG

Calculi

6

Bil Colic

No

1/immobile

6

PLG

Cholesterosis

7

Bil Colic

No

1/immobile

6

PLG

Calculi

8

Bil Colic

No

1/immobile

7

PLG

Calculi

9

Bil Colic

No

1/immobile

8

PLG

Calculi

10

Bil Colic

No

1/immobile

8

PLG

Calculi

11

Bil Colic

No

1/immobile

9

PLG

Calculi

12

Bil Colic

No

1/immobile

9

PLG

Calculi

13

Bil Colic

No

1/immobile

10

PLG

14

Bil Colic

No

1/immobile

12

PLG

Adenocarcinoma

15

Bil Colic

No

1/immobile

18

? malignant

Adenocarcinoma

16

Atyp pain

No

1/immobile

2-3

PLG

Cholesterosis

17

Atyp pain

No

1/immobile

5

PLG

Calculi

18

Atyp pain

No

1/immobile

5

PLG

Cholesterosis

19

Atyp pain

No

1/immobile

6

PLG

Calculi

20

Atyp pain

No

1/immobile

6

PLG

21

Atyp pain

No

1/immobile

20

? malignant

22

Asymp

No

1/immobile

10

PLG

Calculi

23

Asymp

No

1/immobile

12

PLG

Cholesterosis

Bil Colic – biliary colic.

Cholesterosis

Calculi

Normal
Adenocarcinoma
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as the result of accumulation of triglycerides and esterified
sterols in macrophages of the lamina propria and can give
ultrasonographic appearance of small polyps[7]. Such polyps
are reportedly pedunculated and are attached to the gall
bladder by a delicate pedicle that becomes easily detached
before or during a cholecystectomy[8]. A gallstone impacted
within the gall bladder wall may be easily mistaken for a
polyp on ultrasound scanning[2]. Thus, several factors could
contribute to the discrepancies of the USS findings and the
final diagnosis after surgical excision.
In 12 of our 23 cases the PLG turned out be true gall
bladder calculi. These findings are in keeping with a
retrospective analysis of 41 patients with PLG who underwent
cholecystectomy where the definitive diagnosis was
cholesterolosis (17 of 41) or cholelithiasis (15 of 41)[2].
In our study ultrasonography was not accurate in
differentiating polyps (true or pseudo that is; cholestrerol
polyps) from calculi (66.7% sensitivity). This differentiation
assumes significant importance given that true polyps that
is, adenomas/papillomas have the potential for malignancy[9].
A level of 15 mm as a cut-off, which appears to have been
used as a USS marker for malignancy has missed suspecting
a 12 mm PLG as a possible malignant polyp. All the three
malignant gall-bladder polyps have been above 10 mm in
size. Using size greater than 10 mm as measured on USS as
a marker, we find 100% sensitivity and 86.95% specificity
with a positive predictive value of 50% (three lesions greater
that 10 mm were non-malignant).
The efficacy of ultrasound in diagnosing gall bladder
polyps is controversial as evidenced by the following two
studies. In a study reported in 1993, out of 23 patients with
polyps on USS only 13 (57%) true polyps were found on
histology[10]. Yang et al[11] (1992), have reported an ultrasound
scan sensitivity of 90% in detecting gall bladder polyps
after reviewing post-cholecystectomy specimens with a
preoperative diagnosis of polyps of the gall bladder.
Sugiyama et al (1995), suggested routine use of endoscopic
ultrasound (EUS) in the patients with a USS suggestive of
a polyp. They suggested that aggregation of echogenic spots
seem to be pathognomonic of cholesterol polyps. Another
group[12] suggest that the nonenhanced and enhanced CT
scan differentiate neoplastic from non-neoplastic PLGs. CT
biliary cystoscopy has recently been suggested as a noninvasive and accurate means of assessing gall bladder
polyps [13] . However, in most of the units it may not be
logistically practical and financially feasible to perform EUS
or CT purely to differentiate PLG.
The management of polyps found on USS is conflicting
with some offering selective surgery while others offer
routine laparoscopic cholecystectomy[12,14]. In our study, USS
was not very specific for the diagnosis of gall bladder polyps
as 52% (12 out of 23) were found to be calculi within the
gall bladder. However as 22 of the 23 resected gall bladders
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were pathological, we suggest that gall bladder with polypoidal
lesions on USS have high probability of having intrinsic gall
bladder disease and hence should undergo cholecystectomy.
Further a size criteria of greater than 10 mm as a marker
for further investigation of the gall bladder abnormality
seems reasonable. This will aid optimal management
planning and avoid histological surprises.
In conclusion, ultrasound evidence of a polypoidal lesion
within the gall bladder is an indication for a cholecystectomy
since nearly all such gall bladders are diseased. Most of
such lesions turn out to be having calculous etiology. Lesions
which, measure more than 10 mm on ultrasonography need
to be imaged further.
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Abstract
AIM: To analyze the risk factors of hepatocellular carcinoma
(HCC) recurrence after radiofrequency ablation (RFA)
treatment with HCV-associated hepatitis.
METHODS: Twenty-six patients with HCV-associated HCC
who were followed-up for more than 12 mo were selected
for this study. Risk factors for distant intrahepatic recurrences
of HCC were evaluated for patients in whom complete
coagulation was achieved without recurrence in the same
subsegment as the primary nodule. Twelve clinical and
tumoral factors were examined: Age, gender, nodule
diameter, number of primary HCC nodule, Child-Pugh
classification, serum platelet, serum albumin, serum AST,
post RFA AST, serum ALT, post RFA ALT, post RFA
treatment.
RESULTS: Distant recurrences of HCC in remnant liver
after RFA were observed in 14 cases and in the number
of primary HCC nodules (P = 0.047), and the serum
platelets (P = 0.030), the clear difference came out by
the recurrence group and the non-recurrence group.
The cumulative recurrence rates after 1 and 2 years were
30.8% and 86.8%, respectively for primary multinodular
HCC, and 15.4% and 29.5% respectively, for primary
uninodular HCC. In addition the 1-year recurrence rates
for patients with serum albumin more than 3.4 g/dL and
less than 3.4 g/dL were 23.1% for both, but the 2-years
recurrence rates were 89.0% and 23.1%, respectively.
The number of primary HCC nodules (relative risk, 6.970;
P = 0.016) were found to be a statistically significant
predictor for poor distant intrahepatic recurrence by
univariate analysis.
CONCLUSION: Patients who have multiple HCC nodules,

low serum platelets and low serum albumin accompanied
by HCV infection, should be carefully followed because of
the high incidence of new HCC lesions in the remnant
liver, even if coagulation RFA is complete.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Various locoregional therapies including percutaneous
ethanol injection (PEI), percutaneous acetic injection and
radiofrequency ablation (RFA) were perfor med on
hepatocellular carcinoma (HCC) patients with HCV-associated
hepatitis. Radiofrequency ablation (RFA) is a novel means
of treating patients with both metastatic and primary liver
cancer[1]. It consists of a thermal treatment technique designed
to produce approximately 3-cm diameter coagulative
necrosis of the tissue in a single session. Moreover, performed
RFA has been used for the treatment of HCC and can be
percutaneously under local anesthesia[2]. A recent prospective
study found that RFA requires fewer sessions such that PEI
for patients with small HCCs and the 1-year survival rate is
98%[3]. Although these therapies can achieve complete
necrosis of small HCC, its recurrence is still common. The
intrahepatic recurrence rate is 20% during a mean followup period of 18 mo[4]. However, it is unclear which factors
influence intrahepatic recurrence.
The purpose of this study was to analyze the risk factors
of HCC recurrence after RFA treatment with HCVassociated hepatitis.
MATERIALS AND METHODS
Clinical features of the patients
The clinical features of patients are summarized in Table 1.
Among the patients diagnosed with HCC at the First

Yamanaka Y et al. Risk factors for recurrence of HCC after RFA

Department of Internal Medicine, Mie University Hospital,
from January 2001 to October 2003, 26 patients with HCVassociated HCC who were followed-up for more than 12 mo
were selected for this study. Among them 12 patients had
local recurrence in the other subsegment as the primary
nodule, within as early as 6 mo evident from CT scans.
All patients who were anti-HCV positive were evaluated.
The 19 male and seven female patients had a median age
of 67.9 years, and according to the Child-Pugh classification,
15 patients (58%) had class C cirrhosis and 11 patients
(42%) had class B cirrhosis. There were 13 uninodular cases
and 13 multinodular cases, and biopsy was not performed
if the findings of ultrasonography (US), computed tomography
(CT), and angiography were all indicative of HCC, and if
AFP and DCP levels were elevated. The diagnosis of HCC
was established by enhanced CT and CT during hepatic
anteriography (CTA) and anterioportography (CTAP) and
CTA and CTAP were performed on the patients before
transcatheter arterial embolization (TAE) or (RFA). The
median follow-up period was 12.5 mo with recurrence and
20 mo without recurrence.
Radiofrequency ablation
We utilized RFA for local ablation therapy of HCCs. Since
the gelatin sponge remains in the tumor for 2 to 3 weeks after
(TACE), RFA was generally performed within 2 weeks after
TACE.
RFA was performed using a 17-gauge internally cooled
straight electrode (Radionics, Burlington, MA). The patients
received 35 mg of pethidine hydrochloride (Opystan,
Tanabe, Tokyo, Japan) intravenously before RFA for analgesia,
and antibiotics were administered before and 2 to 3 d after
each chemoembolization or RFA procedure.
The RF electrode was inserted into the tumor under
local anesthesia. The RF generator was then activated and
the power needed to maintain a temperature of 90-120 ℃
at the tip was delivered for 10-20 min. The electrode was
inserted into the tumor under real-time CT fluoroscopic
guidance into patients for whom multiple electrode
placements were required due to a large tumor size or
because the entire lesion was not visualized by US imaging.
Using CT fluoroscopy, bubble formation in the tumor
does not prevent additional electrode insertion into the
tumor and accumulation of iodized-oil in the tumor aids

Table 1 Patient’s characteristics
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precise insertion of the electrode. The electrode was placed
in the tumor depending on the tumor size and shape, and
the RF generator was then activated at each tumor site.
The endpoint of RFA was the presence of a well-defined
area of no enhancing tissue including the treated tumor
with a tumor-free margin of at least 5 mm in the arterial
and portal phases of enhanced CT and as seen by the
MR images.
Therapeutic effects and diagnosis for recurrence
Helical CT scan was used to determine the therapeutic effects.
Complete coagulation was defined as no enhancement in
the coagulated area on the helical CT scan one week after
RFA. A follow-up CT scan was performed three months
after RFA. As a rule thereafter, a helical CT scan was
performed every 3 mo for at least 1 year. Local recurrence of
an HCC nodule was defined as the development of an
enhanced area on the CT scan in the same subsegment as the
primary nodule. The helical CT scan was also used to study
the distant recurrence of HCC in a different subsegment
of the liver. Hepatic DSA was performed to confirm not
only local but also distant recurrence of HCC.
Risk factors for distant Intrahepatic recurrence of HCC
Risk factors for the distant intrahepatic recurrence of HCC
were evaluated for patients for whom complete coagulation
was achieved without recurrence in the same subsegment
as the primary nodule. Twelve clinical and tumor factors
were examined: Age, gender, nodule diameter, number of
primary HCC nodule, Child-Pugh classification, serum
platelet, serum albumin, serum AST, post RFA serum AST,
serum ALT, post RFA serum ALT.
Statistical analysis
The unpaired Student’s t-test was used to compare averages
between groups and the 2-test and Fisher’s exact probability
test were used to compare independence. The distant
intrahepatic recurrence rate was computed by Kaplan-Meier
estimates and the Kaplan-Meier method and the log rank
test were used to analyze the risk factors associated with
the distant intrahepatic recurrences of HCC.
A stratified Cox proportional hazard regression model
was used for multivariate analysis of age, gender, AST level
as post RFA, platelet, Child-Pugh stage, nodule diameter,
and the number of primary HCC. The results were reported
as hazard ratios with 95% CI. A P-value of <0.05 was
considered to be statistically significant for all analysis.

Gender
Number of males

19(73%)

Number of females

7(27%)

Median age
Child-Pugh

67.9
A

15(58%)

B

11(42%)

C

0(0%)

Number of HCC nodules
Uninodular

13(50%)

Multinodular

13(50%)

Mean follow-up period (months)
With recurrence

12.5

Without recurrence

20

RESULTS
Recurrence analysis according to distant intrahepatic
recurrence
Among the 26 cases, the number of HCC uninodular and
multinodular nodules were 13 and 13, respectively (Table 1),
and distant recurrence of HCC in the remnant liver after
RFA was observed for 14 cases. Clinical and tumoral characteristics were compared between the groups with and without
distant intrahepatic recurrence. No statistically significant
difference was observed with regard to age, gender, nodule
diameter, Child-Pugh stage, serum albumin, serum pretr-

2176

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Table 2 Comparison of patients with and without recurrence of
primary HCC in the liver
Variable

With
recurrence
(n = 12)

Age (yr)
Gender
Male
Female
Nodule diameter (mm)
Number of primary
HCC nodules
Uninodular
Multinodular
Child-Pugh
A
B
Platelet (/L)
Albumin (g/L)
AST (IU/L)
Post-RFA AST (IU/L)
ALT (IU/L)
Post-RFA ALT (IU/L)
Post-RFA treatment
UDCA
SNMC
IFN

Without
recurrence
(n = 14)

P

67.8 ± 5.7

67.9 ± 7.8

NS

6
6
23.5 ± 7.2

11
3
32.0 ± 24.2

NS

3
9
6
6
8.2 ± 3.6
3.2 ± 0.3
197.7 ± 416.0
72.4 ± 25.4
98.0± 121.6
49.3 ±21.4

10
4
9
5
13.3 ± 6.9
3.4 ± 0.4
87.2 ± 47.2
70.8 ± 2.96
76 ± 43.5
55.4 ± 30.5

10
5
0

12
4
2

NS

<0.05
NS
<0.05
NS
NS
NS
NS
NS
NS

eatment AST level, serum posttreatment AST level, serum
pretreatment ALT levels, or the serum posttreatment AST
level. In the number of primary HCC nodules, and the serum
platelets, the difference came out intentionally by the
recurrence group and the non-recurrence group.
In the number of primary HCC nodules (P = 0.047),
and the serum platelets (P = 0.030), the clear difference
came out by the recurrence group and the non-recurrence
group. Also, no statistically significant difference was
observed for UDCA therapy, and SNMC therapy after
RFA treatment (Table 2). Since IFN therapy had few cases,
it was not possible to compare it with other therapies about
a curative effect.
Cumulative HCC recurrence rate
The longest duration of the case that we observed was 31 mo.

DISCUSSION
In this study, the rates of local and distal recurrence were
0% and 53.8% for primary HCC after RFA treatment.
Some studies reported local recurrence rates that vary
from 45% to 53% for HCC patiants after RFA[22,24,25]. RFA
is successful for achieving a one-session treatment for
patients with small HCC using RFA with CT assistance, and
RFA with CT assistance is effective for the treatment of
patients with small HCC[5-21] . One of the advantages of
RFA is that it can be repeatedly performed, can be combined
with TACE, and can also be used according to the features
of the disease and the response[7]. For patients with cirrhosis
and HCC, RFA results in effective local control of disease
in a significant proportion of patients and can be safely
performed with minimal complications[8]. By virtue of its

86.8%
1.0

0.6

0.8

0.2

Number 14

Multivariate analysis for risk factors of recurrence
To search for more reliable prognostic markers, a stratified
Cox proportional hazard regression model was created
involving eight parameters associated with decreased distant
intrahepatic recurrence. The number of primary HCC
nodules (relative risk, 6.970; P = 0.016) was found to be
statistically significant predictors for poor distant intrahepatic
recurrence by multivariate analysis (Table 3).

0.8

0.4

Volume 11

Furthermore, the distant intrahepatic recurrence rates were
analyzed based on the number of primary HCC nodules
using the Kaplan-Meier method, and the recurrence rates
after 1 and 2 years were 30.8%, and 86.8%, respectively
for primary multinodular HCC, and 15.4% and 29.5%,
respectively, for primary uninodular HCC. The primary
multinodular HCC was significantly (P = 0.0136) associated
with a higher distant intrahepatic recurrence rate compared
with primary uninodular HCC (Figure 1). The 1-year
recurrence rate for patients with serum albumin of more
than 3.4 g/L and less than 3.4 g/L were 23.1% each for,
but the 2-year recurrence rate they were 89.0% and 23.1%.
Low (less than 3.4 g/L) serum albumin was significantly
(P = 0.0236) associated with a higher recurrence rate
compared with high (more than 3.4 g/L) serum albumin
(Figure 2).

multi (n = 13)
30.8%

P<0.05
29.5%

15.4%
mono (n = 13)

0.0
0
5 10 15 20
25
After single-session RFA (mo)
Figure 1 Distant intrahepatic recurrence curves by subsets of
tumor count before RFA. The recurrence rates after 1 and 2 years
were 30.8% and 86.8%, respectively, for primary multinodular HCC
and 15.4% and 29.5% respectively, for primary uninodular HCC. Primary multinodular HCC was significantly (P = 0.0136) associated
with a higher distant intrahepatic recurrence rate compared with
primary uninodular HCC.

Recurrence rate

Recurrence rate

1.0

April 14, 2005

89.0%

0.6
0.4
0.2
0.0

≥3.4 mg/dL
P<0.05
(n = 10)
23.1%
23.1%
23.1%
<3.4 mg/dL (n = 16)
0
5 10 15 20
25
After single-session RFA (mo)

Figure 2 Distant intrahepatic recurrence curves by subsets of
serum albumin before RFA. The one-year recurrence rate for patients with serum albumin of more than 3.4 g/L and less than 3.4 g/L
were both 23.1%, but the two-year recurrence rates were 89.0% and
23.1%, respectively.
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local curability, minimal effect on liver function, and easy
repeatability for recurrence, image-guided percutaneous
tumor ablations, especially RFA, will become increasingly
important for the treatment of HCC[21]. RFA is a useful
primary therapy for the treatment of patients with HCC,
especially for cases with a poor liver reserve from cirrhosis
and with multiple and deep-sited lesions. RFA also is an
effective and relatively simple procedure for the treatment
of liver cancers[6] .
Using a variety of approaches, others have also reported
high local recurrences after RFA in patients with HCC[22-24].
In contrast, our data with a local recurrence rate of 0%
were lower than that of other studies[22-24]. TACE and RFA
combination therapy and real-time evaluation of RFA
effective area by CT in our methods provably contribute
to this low local recurrence rate. Although recurrences are
frequent due to various factors, for instance tumor size
and the follow-up period, this study found that the distal
recurrence rate is 53% for primary HCC after RFA treatment,
and this result is similar to that of other studies[22-24].
In the number of primary HCC nodules (P = 0.047),
and the serum platelets (P = 0.030), the difference came
out intentionally by the recurrence group and the nonrecurrence group. The number of primary HCC nodules
(relative risk, 6.970; P = 0.016) was also found to be
statistically significant predictors for poor distant intrahepatic
recurrence by multivariate analysis. We also discovered that
the primary serum albumin in patients with HCV-associated
hepatitis after RFA treatment is associated with the development
of distal recurrence rate.
The most important variable, which influences the local
recurrence rate, is tumor size[14]. Patients who have more than
two HCC nodules accompanied by HCV infection should
be carefully followed because of a high incidence of new
HCC lesions in the remnant liver, even if coagulation by
microwave or ablation by radiofrequency is complete[11].
Our observations are consistent with these reports, and
it is reasonable to argue that there may be multicentric
occurrence of HCC in the remnant liver at the same frequency
as that for HCV-associated cirrhosis.
In the current study, no statistically significant difference
was observed in the serum pre-treatment and post-treatment
AST level. The serum AFP level (relative risk, 0.621;
P = 0.596; not shown) was not found to be a statistically
significant predictor of poor distant intrahepatic recurrence
by multivariate analysis.

Table 3 Multivariate analysis for prognostic factors of recurrence
Ungav. /fav.1

Variables CI
Multinodular

Multinodular/

Relative risk

CI

P

6.970

1.443-33.667

0.016
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The high serum ALT level for HCV-associated cirrohsis
is associated with the rapid development of HCC [18].
Continuous elevation of ALT is important for HCC diagnosis.
Patients with the high level of serum ALT for 2 years or
more were at a greater risk of HCC development[17]. Patients
with HCV-associated cirrhosis with a sustained high serum
ALT level are at a high risk of HCC development, suggesting
the possibility of the prevention of HCC development in
HCV-associated cirrhosis patients by reducing inflammatory
necrosis[13]. Many investigators have shown that patients with
cirrhosis who have persistently high ALT levels have a high
risk of developing HCC[16,19,20]. It was necessary to continue
treatment with anti-inflammatory drugs following initial IFN
therapy to suppress ALT below 80 IU. This prevents HCC
occurrence or delays the time of HCC occurrence and
prolongs patient’s life span[17].
In the present study, no statistically significant difference
was observed between the serum pretreatment and posttreatment AST levels and serum pretreatment and posttreatment ALT levels, indicating a high incidence of HCC
recurrence in HCV-associated cirrhotic patients.
Recently, the risk of HCC occurrence was discovered
to increase with the liver fibrosis stage in HCV-related liver
disease[9,10]. The intrahepatic recurrence rate in C-viral and
B-viral HCC is higher than that in NBNC-related HCC.
Furthermore, fibrosis staging and the pathological grading
of HCC are significantly linked to intrahepatic recurrence
as seen by univariate analysis[13].
We did not evaluate the liver fibrosis stage for HCVrelated liver disease. The serum platelet count (P = 0.030)
for the group with recurrence was significantly higher than
that for the group without recurrence. Compared with a
group with the serum high platelet value, the group with a
low platelet value of the recurrence rate of the HCC is
clearly higher. The low level (less than 3.4 g/L) of serum
albumin was significantly (P = 0.0236) associated with a
higher recurrence rate compared with the high level (more
than 3.4 g/L) of serum albumin, and this result is similar to
those of previous studies[16,17,19,20]. These results suggest that
the progression of fibrosis increases the recurrence of HCC
with HCV-associated cirrhosis.
Serum AFP levels are significantly linked to intrahepatic
recurrence as seen by univariate analysis[13]. Specifically, the
level of lectin-reactive AFP is a suitable predictive marker
for the early recognition of HCC during the follow-up of
patients with cirrhosis[12]. In this study, no statistically significant
difference was observed for the serum AFP level.
In conclusion, patients who have multiple HCC nodules,
low serum platelets and serum albumin less than 3.4 g/L
accompanied by HCV infection should be carefully followed,
because of a high incidence of new HCC lesions in the
remnant liver even if coagulation RFA is complete.

Uninodular
Post-RFA AST2

>40/< = 40 (IU/L)

2.438

0.213-27.956

0.474

Platelet2

10>/> = 10 (/L)

2.426

0.445-13.222

0.306
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Abstract
AIM: The relationships between microsatellite instability
(MSI) and survival in colorectal cancer patients are not
consistent. The favorable survival of patient with MSI has
been suggested to be related to pronounced inflammatory
infiltration; however, the reason for non-association of
MSI with survival is unclear. Our aims were to investigate
the associations of inflammatory infiltration and tumor
necrosis (TN) with microsatellite status and clinicopathological
factors in colorectal cancer patients in whom MSI was
not related to survival.
METHODS: Three hundred and one colorectal adenocarcinomas were evaluated for inflammatory infiltration and
300 for TN under light microscope.
RESULTS: Low infiltration at invasive margin (2 = 3.94,
P = 0.047) and in whole tumor stroma (2 = 3.89, P = 0.049)
was associated with MSI, but TN was not ( 2 =0.10,
P = 0.75). Low infiltration was related to advanced stage
(2 = 8.67, P = 0.03), poorer differentiation (2 = 8.84,
P = 0.03), DNA non-diploid (2 = 10.04, P = 0.002),
higher S-phase fraction (2 = 11.30, P = 0.004), positive
p53 expression (2 = 7.94, P = 0.01), and worse survival
(P = 0.03 for both univariate and multivariate analyses).
Abundant TN was related to advanced stage (2 = 17.74,
P = 0.001) and worse survival (P = 0.02 for univariate,
and P = 0.05 for multivariate analysis).
CONCLUSION: The result that high inflammatory
infiltration was not related to MSI might help explain
the non-association of MSI with survival in colorectal
cancer patients.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer arises through at least two distinct genetic
pathways in its carcinogenesis: microsatellite instability (MSI)
and chromosomal instability[1]. MSI refers to genome-wide
alteration in repetitive DNA sequence caused by deficiencies
in DNA mismatch repair machinery[2] , which accounts for
about 10-15% of sporadic colorectal cancers and nearly all
hereditary non-polyposis colorectal cancers[1]. Studies have
shown that colorectal cancers with MSI are likely to be
characterized by more frequent right-sided location, poor
differentiation, mucinous/signet-ring cell carcinoma, and
intense peri- and intra-tumoral inflammatory reaction[1,3,4].
Patients with MSI tumors appear to have a favorable
prognosis compared with those with microsatellite stability
(MSS) tumors[1,5-8]. The favorable prognosis associated with
MSI has been suggested to be related to an enhanced
inflammatory infiltration in the tumors[1,5] although the
mechanism behind this phenomenon is unclear.
However, several studies including our previous two studies
have reported the lack of association between MSI and survival
either in entire group of colorectal cancer patients[9-14] or in
subgroup with stage II colorectal cancers[15,16]. The reason for
the non-association remains unclear. To our knowledge, no
one has studied the association of inflammatory infiltration
with microsatellite status in the patients in whom MSI is
not related to survival. A recent study showed that necrosis
in tumor was related to MSI-H in colorectal cancers[17].
Tumor necrosis (TN) is a common feature of solid tumors
associated with a poor clinical outcome due to rapid tumor
growth without sufficient blood supply[18] . However, the
association of TN with microsatellite status has not been
well studied. Therefore, it is interesting to evaluate the
relationship of inflammatory infiltration and TN with MSI
in colorectal cancers in which MSI was not related to
survival. Meanwhile, we analyzed the relationship of
inflammatory infiltration and TN with clinicopathological
and other variables.
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MATERIALS AND METHODS
Patients
Three hundred and one primary colorectal adenocarcinomas
were studied for inflammatory infiltration and 300 for TN.
The patients were diagnosed at the Department of Pathology,
Linköping Hospital, Linköping, and Vrinnevi Hospital,
Norrköping, Sweden, between 1975 and 2001. The patient’s
gender, age, tumor location, and Dukes’ stage were confirmed
from surgical and/or pathological records. Tumor growth
pattern and the grade of differentiation were scored by two
pathologists. The mean age of the patients was 71 years (ranging
from 34 to 94 years). Tumors from the ascending and transverse
colon were regarded as proximal tumors, whereas tumors from
descending and sigmoid colon, and the rectum were considered
distal. The tumor growth pattern was divided into expansive
or infiltrative type based on pattern of growth and invasiveness.
Differentiation was graded as well, moderately, poorly
differentiated, and mucinous/signet-ring cell carcinoma. The
data on microsatellite status[13,14], DNA ploidy, S-phase fraction
(SPF)[19], and p53 expression[20] were taken from previous studies
carried out at our laboratory. Microsatellite status was
determined by a microsatellite analysis using the Bat26 marker;
25 cases were MSI, and 152 were MSS. DNA ploidy and SPF
were measured by flow cytometry; 107 cases were DNA diploid,
and 118 were non-diploid; 52 were <5% SPF, 65 were 5-10%,
and 72 were >10%. p53 expression was identified with
immunohistochemistry by using CM1 antibody; 117 cases were
p53 negative (completely negative cases plus the cases with
<5% of p53-stained tumor cells), and 114 were positive (the
cases having ≥5% of p53-stained tumor cells). No information
was available about patients’ age in two cases, tumor site in 7,
Dukes’ stage in 8, growth pattern in 21, grade of differentiation
in 1, microsatellite status in 125, DNA ploidy in 75, SPF in
111, and p53 expression in 69 cases. Among 301 patients, 10
MSS and one MSI cases had received adjuvant preoperative
radiotherapy, one MSS case had palliative radiotherapy, two
MSS had adjuvant chemotherapy, and one MSS had palliative
chemotherapy. No information was available for two cases,
and the rest did not receive any radiotherapy or chemotherapy.
The patients were followed up until the end of October 2001,
and 125 died of colorectal cancer.
Histopathological evaluation
Three to ten sections from different parts of the tumor were

A

B
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examined at low magnification (×10) under light microscope
by two of the authors (of whom one is a pathologist)
independently in a blinded fashion without knowing the
clinicopathological and other data of the patients. After the
first run of the scoring, approximately 20% of the cases
with disagreed score were reread independently by the two
authors. Finally, about 4% of the cases with discrepant
scoring were discussed under a dual-headed microscope to
reach agreement on the scoring. Inflammatory infiltration
and TN in the margins of the sections were not included in
order to avoid artifacts. Infiltrating inflammatory cells were
identified as small mononuclear cells in the stroma of tumor.
The distributions of the infiltration were classified into two
groups by localization: (a) those presented along the invasive
margin of the tumor; (b) those distributed in entire tumor.
The degree of infiltration was classified as absent, sparse,
moderate, and intense according to the density of inflammatory
cell[21]. Necrosis was scored as absent; <10%; 10-30%, and
>30% based on the percentage of necrosis in whole tumor
area[18]. Since the distributions of inflammatory infiltration
and NT were often heterogeneous, the entire sections were
examined to assess tumor areas including high and low
inflammatory infiltration and NT. If higher infiltration or
NT was more than one-third of the section, it was taken
into account for scoring.
Statistical analysis
The relationships of inflammatory infiltration and TN with
survival were tested using Cox’s Proportional Hazard Model.
Survival curves were calculated using the Kaplan-Meier
method. The relationships of inflammatory infiltration and
TN with other variables were tested by using the 2 test or
Fisher exact test. Two-sided P values of less than 5% were
considered statistically significant.

RESULTS
Inflammatory infiltration in relation to microsatellite status,
clinicopathological and other variables
Among the 301 tumors studied, inflammatory cells at the
invasive margin were absent in one case, sparse in 105,
moderate in 131, and intense in 64 (Figure 1A); inflammatory
cells in the tumors were absent in 17, sparse in 135, moderate
in 110, and intense in 39 cases (Figure 1B). Absent, sparse,
and moderate were combined as a low-level group, and

C

Figure 1 High inflammatory infiltration at the tumor invasive margin (A) and in the tumor (B), and TN (C). Hematoxylin and eosin-stained
sections of colorectal cancer (×10).
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intense as a high-level group, according to the similarities
of the clinicopathological features.
The relationship of inflammatory infiltration at the
invasive margin or in the tumor with microsatellite status is
present in Table 1. Low inflammatory infiltration either at
the invasive margin or in the tumor was lightly associated
with MSI (2 = 3.94, P = 0.047 and 2 = 3.89, P = 0.049).
The relationship of inflammatory infiltration at the
invasive margin with clinicopathological and other variables
is summarized in Table 2. The degree of inflammatory
infiltration was lower in tumors with Dukes’ stage D (2 =
8.67, P = 0.03), DNA non-diploid (2 = 10.04, P = 0.002),
higher SPF (2 = 11.30, P = 0.004), p53 positive expression
(2 = 7.94, P = 0.01), as well as poor differentiation and
mucinous/signet-ring cell carcinoma (2 = 8.84, P = 0.03).
Moreover, the patients with low inflammatory infiltration
had worse survival than those with high infiltration (P = 0.03;
Figure 2A), even after adjustment for patients’ gender, Dukes’
stage and differentiation (P = 0.03, data not shown). We did
not find any relationship between inflammatory infiltration and
patients’ gender, tumor location, or growth pattern (P>0.05).
There was no significant relationship of inflammatory
infiltration in the tumor with the above clinicopathological
and other variables (P>0.05, data not shown).
TN in relation to MSS, and clinicopathological and other variables
Among the 300 tumors studied, necrosis was absent in 76
cases, 54 had <10%, 93 had 10-30%, and 77 had >30%
of necrosis. The cases with <10% of necrosis were graded
as little necrosis and the remainder as abundant necrosis
(Figure 1C), based on the similarities of the clinicopathological
features.
We did not find a relationship between TN and MSI
(2 = 0.10, P = 0.75; Table 1). As shown in Table 2, the
frequency of TN was increased from Dukes’ stages A to D
(2 = 17.74, P = 0.001). TN was more frequent in moderately/
poorly differentiated tumors, but was the lowest in mucinous/
signet-ring cell carcinomas (2 = 22.98, P<0.0001).
Patients with abundant TN had worse survival than those
with little TN in univariate analysis (P = 0.02; Figure 2B). The
survival significance was borderline after adjustment for Dukes’
stage and differentiation (P = 0.05, data not shown). There
were no associations of TN with other factors including gender,
age, tumor location, growth pattern, DNA ploidy, SPF, and
p53 expression (P>0.05).

Table 1 Relationship of tumor inflammatory infiltration and necrosis with microsatellite status
Variable
Category

High infiltration

0.6
0.4
0.2

Low infiltration

P = 0.03

0.0
0 24 48 72 96 120 144 168 192 216 240
Time (mo)

Microsatellite
instability (%)

invasive margin

P

0.047

Low

120 (79)

24 (96)

High
Infiltration in

31 (21)

1 (4)
0.049

the tumor
Low

71 (46)

17 (68)

High

81 (54)

8 (32)

Little

76 (51)

13 (54)

Abundant

74 (49)

11 (46)

Necrosis

0.75

Considering the relationship of inflammatory infiltration
with TN, tumors with high infiltration tended to have less
necrosis although the relationship did not reach statistical
significance (2 = 3.62, P = 0.057).

DISCUSSION
MSI has been shown to be a favorable prognostic factor in
colorectal cancer patients, even independent of tumor stage,
or radiotherapy and chemotherapy[1,5-8,22,23]. The reason for
this evidence has been proposed to be partly due to a stronger host response of immune system in MSI tumors than
in MSS ones [1,5]. However, several other studies have
reported the lack of association between MSI and survival,
either in entire group of colorectal cancer patients[9,10,12] or in
the subgroup with stage II colorectal cancers[15,16]. Such nonassociation was also shown in our previous two studies[13,14]
and another Swedish study[11]. The National Cancer Institute
Workshop concluded that MSI has not yet been shown
conclusively to be an independent predictor of prognosis
in colorectal cancer patients[2]. The reason for the non-association between MSI and survival is unclear. Subgroup variation within populations is unlikely an explanation for this
evidence because the similar findings have been reported
by various groups among different populations. The
relationship between the degree of inflammatory infiltration
and microsatellite status in the patients without association
of MSI with survival has not been studied. Based on our
previous findings of the non-association between MSI and

B
0.8

Microsatellite
stability (%)

Infiltration at the

Survival probability

Survival probability

A
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1.0
0.8

Little necrosis

0.6
0.4
0.2
0.0

Abundant necrosis

P = 0.02
0 24 48 72 96 120 144 168 192 216 240
Time (mo)

Figure 2 Tumor inflammatory infiltration at the invasive margin (A) and necrosis (B) in relation to survival in patients with colorectal cancer.

2182

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

April 14, 2005

Volume 11

Number 14

Table 2 Relationship of tumor inflammatory infiltration at the invasive margin and TN with clinicopathological and other variables
Variable

Inflammatory infiltration at the invasive margin
Category

n

High (%)

Gender

P

TN
n

Abundant

158
142

85 (54)
68 (48)

138
160

77 (56)
75 (47)

108
185

54 (50)
96 (52)

45
103
94
50

15 (33)
45 (44)
53 (56)
36 (72)

128
152

64 (50)
84 (55)

24
195
43
37

7 (29)
116 (60)
22 (51)
8 (22)

107
118

53 (49)
70 (59)

52
65
72

26 (50)
31 (48)
44 (61)

117
114

57 (49)
69 (61)

0.06
Male
Female

158
143

27 (17)
37 (26)

138
161

31 (22)
33 (21)

109
185

25 (23)
37 (20)

47
102
94
50

11 (23)
26 (25)
23 (24)
3 (6)

128
152

25 (20)
33 (22)

23
196
44
37

10 (43)
42 (21)
7 (16)
5 (14)

107
118

32 (30)
15 (13)

52
65
72

19 (37)
16 (25)
8 (11)

117
114

33 (28)
15 (13)

Age (yr)
≤70
＞70
Tumor location
Proximal
Distal
Dukes’ stage
A
B
C
D
Gowth pattern
Expansive
Infiltration
Differentiation
Well
Moderately
Poorly
Mucinous+signet-ring cell
DNA ploidy
Diploid
Non-diploid
S-phase fraction
<5%
5–10%
>10%
p53 expression
Negative
Positive

0.31

0.68

0.12

0.55

0.75

0.03

0.001

0.65

0.38

0.03

<0.0001

0.002

0.14

0.004

0.24

0.01

survival[13,14], we observed that a low level of inflammatory
infiltration either at the invasive margin or in the tumor
was related to MSI phenotype in the present study. Although
the statistically significant differences were borderline
(P = 0.047 and P = 0.049), the results provided at least an
indication that pronounced inflammatory infiltration did
not always accompany MSI tumors as proposed[1,3,4].
It is generally accepted that the immune system represents
a specific host response to tumors. The survival advantage
of pronounced infiltration of all the inflammatory cells, or
various subsets of inflammatory cells such as lymphocytes
and macrophages, around or within colorectal tumors has
been demonstrated[21,24-26]. Anti-tumor effects of infiltrating
inflammatory cells may be mediated by cytokine secretion
induced by the response of inflammatory cells to tumor
stimulation. The expression of two cytokines interleukin-4
(IL-4) and TN factor- (TNF-) in colon cancer has been
found to be associated with better survival[27]. In the present
study, we confirmed the previous findings in which abundant
inflammatory infiltration at the invasive margin predicted a
favorable prognosis in colorectal cancer patients[6,21,25].
Moreover, we found that the high level of inflammatory
infiltration at the invasive margin was associated with earlier
Dukes’ stage, better differentiation, DNA diploid, lower SPF,
and negative p53 expression. However, the degree of
inflammatory infiltration in the tumor was not related to
clinicopathological or other factors studied. These results
indicated that the degree of inflammatory infiltration at the
invasive margin, compared with that in the tumor, was more

P

0.07

effective against the tumor.
Clinical results regarding the relationship of microsatellite
status in colorectal cancer patients with adjuvant chemotherapy
are fairly inconsistent. Some patients with MSI tumor had
no survival benefit from chemotherapy[12,22,23] but others
had[8].Reviewing all eight previous studies, that showed the
non-association between MSI and survival in colorectal
cancer patients, two studies were carried out on patients
without chemotherapy[9,15], and one study on patients with
chemotherapy, in which no survival benefit of chemotherapy
was observed in MSI patients although the benefit was
found in total group of the patients or microsatellite status
patients[12] . Four studies did not provide information about
chemotherapy [10,11,13,16]. In our previous study in 438
colorectal cancers with microsatellite status[14], 34 (8%) had
received radiotherapy, 15 (3%) chemotherapy, and 7 (2%)
both treatments. No information was available for 59 (13%),
and the rest, 316 (73%), did not receive any adjuvant or
palliative treatments. Statistical analysis showed that neither
radiotherapy (P = 0.23) nor chemotherapy (P = 0.84)
improved survival of the patients (unpublished data). Taken
together, it seems that chemotherapy and radiotherapy were
unlikely the reasons behind the non-association between MSI
and survival in colorectal cancer patients. Obviously, further
studies are needed to evaluate the effect of chemotherapy
and radiotherapy on MSI patients.
TN is a common feature of solid tumors and caused by
ischemia due to rapid tumor growth. The degree of TN
reflected the level of intra-tumor hypoxia, and increased

Gao JF et al. Inflammatory infiltration in colorectal cancer

hypoxia has been associated with high metastatic potential.
TN has been previously demonstrated as an indicator of
poor prognosis in several types of cancers, including colorectal
cancer[18]. In the present study, abundant TN was related to
poor survival, advanced Dukes’ stage, and moderate/poor
differentiation. Unexpectedly, the lowest frequency of TN
was seen in mucinous carcinomas/signet-ring cell carcinoma
that had more aggressive behaviors. This was probably due
to mucinous carcinomas that had a substantial amount of
mucin and were less likely to have gland formation. In
addition, mucinous carcinomas usually grow slowly, which
requires less blood supply, and were therefore lack of TN.
Recently, Greenson et al [17] , reported that the absence of
TN was related to MSI-H in colorectal cancers. However,
we could not prove this in the present study. The varying
results may be due to the different characteristics of the
patients and pathological features of the tumors. Besides, it
may partly depend on the classification of MSI: they divided
MSS into MSI-H, and microsatellite status which included
MSI-low cases. Therefore, they had a lower frequency of
MSI (9.8%) than ours (14%).
In conclusion, the lack of association of pronounced
inflammatory infiltration with MSI might be one of the
explanations for non-association between MSI and survival
in colorectal cancers.
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Abstract
AIM: We aimed to observe the expression of extracellular
matrix (ECM) and cellular adhesion molecules (CAM) in
cirrhotic liver tissues after hepatitis C virus (HCV) infection.
METHODS: Twelve patients with post HCV inflammatory
liver cirrhosis were selected to evaluate their liver function
and other virological, pathological parameters. Then three
specimens of cirrhotic patients whose health assessment
results and laboratory data were similar and three normal
liver specimens explanted from liver grafts prepared for
liver transplantation were chosen for investigating gene
expression of ECM and CAM using cDNA expression array.
RESULTS: The cDNA array assay revealed 36.7% (36/96)
of genes with changes, in which 26.3% (26/96) was upregulated and 10.1% (10/96) was down-regulated. Integrin
(ITGA), collagen (COL), ADAMTS were identified as the
characteristic changes of ECM and CAM gene expression
levels. ITGA were demonstrated 1 and 2 sub-section
changed in liver cirrhosis.
CONCLUSION: ECM and CAM play an important role in
the progression of liver cirrhosis after HCV infection. The
capital mechanism is related to the inflammatory cells
infiltration, the activation and transformation of ECM
producing cells and the imbalance between production
and elimination of ECM.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is the major cause of liver
cirrhosis according to recent studies. Olga[1] reported that
about 20-25% patients with HCV infection would become
liver fibrosis or/and cirrhosis. Some studies reported that
HCV infection would develop to chronic liver diseases
for about 18.4 years later, liver cirrhosis after 20.6 years,
and liver cancer after 28.3 years, respectively. The research
of the mechanisms of development of liver cirrhosis after
HCV infection and prevention of cirrhosis are very
important health issues[2]. In this study, we emphasized on
the ECM and cellular adhesion molecules (CAM) gene
expression levels that changed during liver cirrhosis after
HCV infection through DNA array. We can conclude that
the alterations in the expression levels of these genes might
be relevant to the progression of liver cirrhosis.
It is accepted that the key reason for liver fibrosis/
cirrhosis is the maladjustment of production and elimination
of ECM and CAM. Unfortunately, the functions and changes
of ECM and CAM genes in cirrhotic liver tissues after
HCV infection are not clear.
MATERIALS AND METHODS
Materials
Normal liver specimens in control group were taken from
liver grafts preparing for liver transplantation. According
to the medical protocol, specimens from cirrhotic livers
were collected from 12 patients with post HCV inflammatory
liver cirrhosis undergoing devascularization of cardiac veins
in the second hospital of Xi’an Jiaotong University from
2004 January-July. After the preoperative evaluation of liver
function and judgment of apparent liver changes during
operation, liver specimens were quickly obtained and
conserved in liquid nitrogen. The GEArray Q Series Human
Extracellular Matrix and Adhesion Molecules Gene Array
and related kits were purchased from SuperArray Bioscience
Corporation, which contains 96 genes encoding proteins
important for the attachment of cells to their surroundings.
The array includes various types of cell adhesion molecules
as well as extracellular matrix (ECM) proteins, proteases
and their inhibitors. These proteins play key roles in mediating
cell-cell, cell-tissue and cell-extract ECM interactions and
are involved in the normal processes of growth, division,
differentiation and apoptosis. And these genes were
important in many liver diseases, especially liver cirrhosis.
Through a simple side-by-side hybridization using
experimental samples and the array and reagent provided
in the kit, we determine the expression profile of these matrix
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Table 1 Laboratory and clinical summary data of all patients
Nutritional state

Child class

Gross shape1

No

Fine

A

Great

No

Fine

A

Great

No

Small

Fine

B

Great

31.2

No

Mess

Weak

C

Diffuse

40.6

No

Small

Fine

B

Great

26.1

43.9

No

No

Fine

A

Less

47

10.2

40.1

No

No

Fine

A

Diffuse

55

22.5

33.8

No

Small

Fine

B

Less

F

38

19.6

28.4

No

Small

Fine

C

Less

10

F

40

7.6

45.3

No

Small

Fine

A

Diffuse

11

M

59

70.3

35

No

Small

Fine

C

Great

12

M

48

46.5

45.4

No

Small

Weak

B

Great

Sex (F/M)

Age (yr)

TBIL (mol/L)

ALB (g/L)

Encephalopathy

1

M

40

17.7

36.0

No

2

F

45

17.4

36.9

No

3

F

49

19.8

41.6

4

M

41

52.3

5

M

37

39.1

6

F

41

7

M

8

M

9

Ascites

Note: 1great – greater tubercle type of cirrhosis; less – lesser tubercle type of cirrhosis; diffuse – diffuse type of cirrhosis.

and adhesion molecules in our selected patients.
The three patients’ liver tissues, which were No. 1-3 in
Table 1, were chosen according to the gross shape, sex and
age and Child-Pugh classification in the operation.
Clinical and pathological diagnostic standards
Based on the diagnostic resolution of Fifth National
Inflammatory and Parasitic Diseases in 1995, the clinical
data and pathologic sections were assured by three more
surgeons and pathologists.
cDNA expression array analysis
mRNA isolation and assessing Tissue samples of liver
in TRIzol were homogenized using a power homogenizer.
The samples were homogenized by adding chloroform, then
centrifuged at 4 ℃, and the RNA was made to remain in
the aqueous phase. The RNA was precipitated from the
aqueous phase by mixing with isopropyl alcohol, and the
RNA pellet was washed once with 75% ethanol. The RNA
was air-dried, and redissolved in RNase-free water. The
absorbance was read in a spectrophotometer at 260 and
280 nm to determine the concentration and purity of RNA,
and the ratio of A260 to A280 values were calculated to measure
the RNA purity.
Probe synthesis and hybridization RNA was reversetranscribed by gene-specific primers with biotin-16-dUTP.
The cDNA probes were denatured and hybridized to ECM
and CAM gene-specific cDNA fragments spotted on the
membranes. The membranes were then washed with Wash

Solution and blocked with GEA blocking solution.
Chemiluminescent detection The hybridized biotinylated
probes were detected by chemiluminescent method using
the alkaline phosphatase substrate, CDP-Star. The results
were analyzed using GEArray Analyzer software. Each
membrane comprised 96 marker genes, negative controls
(pUC18 DNA and blanks) and housekeeping genes,
including -actin, GAPDH, cyclophilin A and ribosomal
protein L13a. All relative expression levels of different genes
were estimated by comparing their signal intensity with that
of internal control.
Data analysis Using GEArray Analyzer software for
background subtraction and data normalization, each
GEArrayTM Q Series membranes are spotted with negative
controls and housekeeping genes. All raw signal intensities
were corrected for background by subtracting the minimum
value to avoid the appearance of negative numbers. All signal
intensities were normalized to that of a housekeeping gene.

RESULTS
Clinical data of patients
As shown in Table 2, the 3 of 12 in-hospital patients with
post-HCV inflammatory liver cirrhosis were selected
according to their sex, age, course and child score, and their
liver were screened for further detection. During operation,
the specimens were taken from at least two different regions
on the liver surfaces and conserved appropriately for cDNA
array assay.

Table 2 Health assessment survey and screen
Patient
Test group

1

Sex

Age (yr)

Progress (yr)

Child score

F

45

11

A

Liver screen and appearance
Greater tubercle liver cirrhosis
portal vein: 1.1±0.1 cm in diameter

Control group

2

F

49

10

B

3

M

40

4

A

1

F

35

–

A

2

F

46

–

A

3

M

31

–

A

Normal
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Result of 96 mRNA array screening
We carried out mRNA array assay in order to investigate
the comprehensive changes in the gene expression of post
HCV inflammatory liver cirrhosis. The mRNA array system,
which can detect changes in the expression of 96 human
genes, was used for this study. Two independent experiments:
normal and cirrhotic, were conducted to clarify the role of
HCV cirrhosis core protein. The results of the mRNA array
are shown in Figure 1 (A) Exp.1 = normal liver/control
group and (B) Exp.2 = cirrhotic liver/test group. 36.7%
(36/99) genes were found to be changed in mRNA gene
array assay, 26.3% was up-regulated as judged by the criterion
of core signals intensity ration ≥3, and 10.1% was downregulated as judged by the criterion of core signals intensity
ration ≤0.3.

constructive and adhesive ECM [4] . The stability of ECM
and ICM is attributed with the production and elimination
of ECM in normal liver, but this balance would be disturbed
if the components produced more, or eliminated less[5,6].
The major part of constructive ECM is collagen, which
is about 5-8 mg/1 g in normal liver tissue and the ratio of
collagen1/collagen3 is less than 1. In cirrhotic liver, however,
the content of collagen protein is 4 to 7-fold than that of
normal liver. At the same time, and the ratio of collagen1/
collagen3 is larger than 1. Our results showed that the

Up-regulated gene expression
As Table 3 shows the up-regulated gene expression levels in
cirrhotic and normal liver tissues, COL, ITGA, ADAMTS
and MMP represent higher volume production of fibrosis,
intense cells adhesion, disequilibrium between ECM and
ICM. Especially, COL1A1 is a rare component in normal
liver tissue, which is 5.947×10-4, but it increases 12.22 times
to 7.266×10 -3 . At the same time, COL3, COL4 did not
increase gene expression level. Some subunits of integrin
families, ITGA10, ITGA 7, ITGA L, ITGA M, ITGA V,
ITGA X, and ITGA2 altered their gene expression levels.
The metalloproteinase, ADAMTS and MMP, gene expression
levels were 3 to 90-fold in liver cirrhosis than normal.

CAM
ITGA10

3.531E-4

5.751E-3

5.398E-3

ITGA 7

–0.000E-1

1.722E-5

1.722E-5

N/A

ITGA L

2.639E-3

7.921E-3

5.282E-3

3.002E+0

ITGA M
ITGA V

6.690E-4
2.416E-4

7.043E-3
2.635E-3

6.374E-3
2.393E-3

1.053E+1
1.091E+1

ITGA X

–0.000E-1

2.497E-3

2.497E-3

N/A

ITGA2

–0.000E-1

1.877E-3

1.877E-3

N/A

ICAM1
CD44

4.296E-2
3.847E-3

3.695E-1
9.706E-2

3.265E-1
9.322E-2

8.600E+0
2.523E+1

Down-regulated genes in cirrhotic liver
Table 4 shows the down-regulated genes in cirrhotic liver.
Combined with the up-regulated genes from the same family
of Table 3, the different expression levels may suggest
different functions of integration, promotion or inhibition.

DISCUSSION
Shimizu [3] reported that HCV infection is the “most
common” cause of liver fibrosis. The production of ECM
is increased in liver tissue in which HSCs are activated.
ECM gene expression in post HCV inflammatory liver cirrhosis
ECM in the liver is composed of protein and glycosaminoglycan.
Biologically, ECM protein is divided into two types:

Table 3 Up-regulated genes in liver cirrhosis (Exp.1 = normal,
Exp.2 = liver cirrhosis, N/A = 0.00 in normal)
Gene name

Exp.1

Exp.2

Exp.2-Exp.1

Exp.2/Exp.1

1.629E+1

CTNN1

1.728E-1

5.052E-1

3.324E-1

2.924E+0

CST3

1.057E-1

3.735E-1

2.678E-1

3.533E+0

ECM
CAV1

5.017E-4

5.699E-3

5.198E-3

1.136E+1

COL1A1

5.947E-4

7.266E-3

6.672E-3

1.222E+1

LAM1

1.301E-4

8.969E-2

8.956E-2

6.895E+2

LAMC1
SPP1

–0.000E-1
2.973E-4

3.444E-5
7.781E-1

3.444E-5
7.778E-1

N/A
2.617E+3

THBS1

1.639E-2

7.918E-1

7.754E-1

4.831E+1

–0.000E-1
7.433E-5

1.860E-1
7.404E-4

1.860E-1
6.661E-4

N/A
9.961E+0
3.706E+0

Metalloproteinases
ADAMTS1
ADAMTS 8
MMP15

1.858E-5

6.888E-5

5.029E-5

MMP 16

–0.000E-1

3.788E-4

3.788E-4

N/A

MMP 17
MMP 2

–0.000E-1
3.717E-5

6.888E-5
2.411E-4

6.888E-5
2.039E-4

N/A
6.486E+0

MMP 8

–0.000E-1

4.305E-4

4.305E-4

N/A

Table 4 Down-regulated genes in liver cirrhosis (Exp.1 = normal,
Exp.2 = liver cirrhosis)
Gene name

Exp.1

Exp.2

Exp.2-Exp.1

Exp.2/Exp.1

ITGA3

3.529E-1

9.885E-2

-2.541E-1

2.801E-1

ITGA5

1.388E-2

4.546E-3

-9.336E-3

3.275E-1

ITGA8

1.067E-2

2.927E-4

-1.037E-2

2.744E-2

Cadherin

2.604E-1

5.863E-2

-2.018E-1

2.252E-1

6.948E-2

3.960E-3

-6.552E-2

5.700E-2

CAM
Integrin

A

B

CTNND2
ECM protein:
SPARC
Serine proteinases

Figure 1 Results of the human ECM and adhesion molecules gene
array in normal and liver cirrhosis (A) Exp.1 = normal liver/control
group; (B) Exp.2 = cirrhotic liver/test group.

CTSG

1.468E-2

8.954E-4

-1.379E-2

6.099E-2

TMPRSS4

1.191E-2

-0.000E-1

-1.191E-2

-0.000E-1

HPSE

2.531E-1

3.306E-2

-2.201E-1

1.306E-1

Tissue inhibitor of metalloproteinases
TIMP2

2.895E-2

-0.000E-1

-2.895E-2

-0.000E-1

TIMP 3

6.168E-2

3.960E-4

-6.128E-2

6.421E-3
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content of collagen was 12.22-fold in cirrhotic liver than
that of control group. The ratio changes of collagens in the
cirrhotic liver may be the key to liver cirrhosis progression.
Some researchers reported that COL2 was the most abundant
collagen components in the newly formed fibrotic tissues
and then COL1 increased to be the main components in
mature fibrotic tissues. It is implied that the change of collagen
types, concentration and the disturbance of balance between
producing and elimination of collagen may produce a marked
effect in the developmental period of liver cirrhosis[7]. In
this study, the gene expression levels of COL1 and COL2
were up-regulated and that of TIMP2 and TIMP3 were
down-regulated. It suggests the contribution of TNF1 to
the development of cirrhosis because these changes were
similar to the recent researches that TNF1 could promote
the formation of ECM and inhibit its elimination[8].
Laminin (LAM) is the main type of adhesive ECM and
performs many important biological functions. Acting as
the important factor of basement membrane (BM), LAM
is associated with the BM formation in liver microvascular
tissue during cirrhosis. It also adjusts the pressure between
Disse sinus and hepatic sinusoids. This phenomenon may
be related to the by-pass blood reserve in cirrhotic liver.
Our study shows that LAMB1 and LAMC1 were increased
10-fold in cirrhotic liver tissue.
CAM gene expression in post HCV inflammatory liver cirrhosis
CAM is believed to perform multiple functions in liver
cirrhosis. This is clarified by the following factors: ITGA,
cadherin, CD44 ICAM, and selectin, which promote the
activation and homing of T, B lymph cells, infiltration of
leukocytes and deposition of collagens and concentration
of HA and so on. Integrin family has been classified to be
over 20 kinds of dimers and 14 kinds of subunits and
9subunits. This specific membrane protein can transmit
the signals of ECM and intracellular matrix (ICM), and act
as an acceptor of ECM on membrane[9].
ADAMTS is one kind of medial enzyme that can help
cells secrete different kinds of matrix enzymes, such as
TNF, TNF and so on. In our research, 7 of 19 genes
were identified as core response of ADAMTS and MMPs
family in HCV cirrhotic liver tissues. The up-regulated genes
of MMPs were believed to be induced by down-regulated
TIMP, which controlled the activity of MMPs[10] .
Except for integrin family, CAM also includes the following
members: cadherin, CD44 family, ICAM, immunoglobulin
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superfamily and selectin. We found that the expression level
of cadherin was responsibly down-regulated, which indicated
the cellular polarity and microstructure damages. Recently
reports show that cadherin plays an important role in
regulating cell adhesion and linkage formation.
Some cytokines secreted by platelets, macrophageal cells
in inflammatory tissues, perform different modulatory
effects on the development of liver cirrhosis[11]. It is also
noteworthy that cytokines can alter the gene expression of
ECM and CAM in cirrhotic liver tissue after HCV infection
by producing activated oxidative components[12].
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Abstract
AIM: Human heparanase is an endo-D-glucuronidase that
degrades heparan sulfate/heparin and has been implicated
in a variety of biological processes. The objective was to
investigate the expression of heparanase (Hps) and basic
fibroblast growth factor (bFGF) and their relationship to
neoangiogenesis and metastasis of human esophageal
carcinoma.
METHODS: Seventy-nine patients who had undergone
esophageal resection for esophageal carcinoma without
preoperative treatment were included in the present study.
Immunohistochemistry was used to study the expression
of Hps, bFGF and microvessel density (MVD) in 79 cases
of esoph-ageal carcinoma. bFGF and Hps were quantitatively
detected with immunohistochemistry in 79 cases of human
esopha-geal carcinoma and 19 cases of adjacent normal
human esophageal carcinoma. Cd34 was used to explore
the MVD as a marker of endothelial cells.
RESULTS: Hps and bFGF expression in tumor tissue, being
remarkably higher than that in normal esophageal tissue,
were significantly correlated with clinicopathological features
(depth of invasion, lymph-node metastasis and TNM stage)
and MVD.
CONCLUSION: The results of this study suggest that the
coexpression of Hps and bFGF plays a key role in angiogenesis,
invasion and metastasis of esophageal carcinoma. Hps and
bFGF may serve as a predictor of progression in esophageal
carcinoma. The expression of heparanase in esophageal
carcinoma enhances growth, invasion, and angiogenesis
of the tumor, and bFGF seems to be a potent antigenic factor
for esophageal carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For a malignant tumor cell to metastasize, it must break away
from its neighbors, force its way through the surrounding
stroma, and penetrate basement membranes to enter the
circulation. When it arrives at its destination, these steps
must be repeated in reverse order. A critical event in the
process of cancer invasion and metastasis is therefore
degradation of various constituents of the extra cellular
matrix (ECM) including collagen, lamina, fibronectin, and
heparin sulfate proteoglycans. The cell is able to accomplish
this task through the concerted action of enzymes such as
metalloproteinase, serine proteases, and endoglycosidases.
Two essential processes required for meta-stasis are
neoangiogenesis and tumor cell invasion of the basement
membrane and ECM [1] H-S is an essential component of
the extra cellular matrices of most tissues and is also a
prominent component of blood vessels, which is essential
for insolubility of the extra cellular components, cell adhesion,
and locomotion[2-10]. Accordingly, cleavage of H-S by heparanase
enzyme may play a decisive role in extravasations and invasion
of tumor cells. So far, heparanase activity has been detected
in various tumors and was found to correlate with their
metastasis potentials[2,11-15]. Meanwhile, heparanase may also
contribute to angiogenesis by releasing the H-S-bound growth
factors such as basic fibroblast growth factor (bFGF)[6] .
However, because the characterization and cloning of the
enzyme has remained elusive until the recent reports of
Hullet et al[2], and Vlodavsky et al[6], studies aiming at detection
and evaluation of heparanase production and its in vivo
biological role in patients with different malignancies have
been hindered. Moreover, many study groups have evaluated
the role of different growth factors aiming at elucidation of
the biological predictor of angiogenesis in tumor.
bFGF is a potent antigenic growth factor that requires
heparin or H-S for its biological activity mediated through
tyrosine kinase signaling [16-20]. The activity of bFGF is
stringently controlled because it can be inactive in normal
tissues and becomes activated upon tissue injury, inflammation, and tumor invasion[21]. Heparanase enzyme possesses
the ability to activate bFGF through structural modulation
of the cell surface H-S proteoglycan[22]. Accordingly, heparanase and bFGF could play complementary biological roles

Han B et al. Hps and bFGF in esophageal cancer
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A
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C

D

Figure 1 Immunohistochemistry SP staining and HE staining A: Heparanase-positive (nucleolus, cytoplasm, amphithecium) SP×400 B:
bFGF-heparanase-positive (cytoplasm, amphithecium) SP×400 C: MVD as evaluated by immunohistochemistry with CD34 (SPx200) D: HE
staining of EC SP×400.

in tumor angiogenesis and invasion. To our knowledge,
expression of heparanase and its biological role in connection
with bFGF expression in human esophageal carcinoma have
not been evaluated so far. In the present study, we tried to
find out whether bFGF and heparanase were both directly
correlated to angiogenesis in human esophageal carcinoma,
whether heparanase expression was associated with the degree
of tumor invasiveness or not, and whether the coexpression
of heparanase and bFGF enhanced tumor angiogenesis
compared with expression of either factor alone.

MATERIALS AND METHODS
Patients
Seventy-nine patients undergoing esophageal carcinoma
resection between 1996 and 2002 were included in the
present study. None of the patients had received preoperative
chemo-or embolic therapy.
The patients’ ages ranged from 40 to 73 years. Tumors
were staged at the time of surgery by the standard criteria
for TNM staging using the Unified International esophageal
carcinoma staging classification and the following
morphological details were recorded: depth of invasion (pT
category), lymph node involvement (pN category).
Tissue specimens
Esophageal carcinoma tissues from all of the patients were
taken from the areas of tumor immediately after surgical
resection. Nineteen surrounding esophageal carcinoma
tissues were included. Surrounding esophageal carcinoma
tissue specimens were obtained from tissues at a clear
distance from the tumor edge (>5 cm), there was no evidence
of nearby tumor invasion.

Antibodies and other chemicals
The following reagents were purchased from Maxim Biotech
(Macim Biotech Inc., South San Francisco, CA, USA);
heparan sulfate proteoglycan (RT-794), fibroblast growth
factor, basic (b-FGF) (RAB-0305), CD34 (MAB-0034).
Immunohistochemistry
Immunohistochemistry was performed as described before
with minor modifications[19] . Briefly, 5-µm sections were
deparaffinized and rehydrated. Tissue was then denatured
for 3 min in a microwave oven in citrate buffer (0.01 mol/L,
pH 6.0). Blocking steps included successive incubations in
0.2% glycine, 3% H2O2 in methanol, and 5% goat serum.
The first two steps were followed by two washes in
phosphate-buffered saline (PBS). Sections were incubated
with a monoc-lonal anti-human heparanase antibody diluted
1:15 in PBS, followed by incubation with horseradish
peroxidase-conjugated goat-anti-mouse IgG+IgM antibodies.
The preparation and specificity of this mAb have been
previously described and demonstrated [19] Color was
developed using either Sigma Fast 3,3-diaminobenzidine
tablet sets for 10 min followed by counterstain with Mayer’s
hematoxylin.
Statistics
The correlation between the expression of heparanase or
bFGF and micro vessel density (MVD) and clinicopathological
features was analyzed. For statistical significance, the 2 test
was used. Postoperative survival periods were computed
by the method of Kaplan-Meier and compared by using
the log-rank test. P<0.05 was taken as the level of significance
for all tests. All statistical analyses were performed using
the SPSS 10.0 statistical package (USA).
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Table 1 Expression of Hps, bFGF, MVD in esophageal carcinoma
and normal esophageal tissue

Table 3 Relationship between MVD and heparanase and bFGF
expression

Type

MVD

Parameter
Correlation
coefficient
(r)
P
Remark

n

Heparanase-positive
(%)

Esophageal
carcinoma

79

bFGF-positivity
(%)

52

57

(65.8)

(72.2)

30.59±13.38

0

3 (15.8)

13.82±4.16

Normal
esophageal tissue 19

Hps and bFGF

bFGF and MVD

HPS and MVD

0.553

0.687

0.760

0.000b
Significant
linear correlation

0.000 b
Significant
linear correlation

0.000 b
Significant
linear correlation

Note: 0.01 (two-tailed); it shows that coexpression of both heparanase and bFGF
was significantly correlated with MVD (bP<0.001).

RESULTS
Expression and clinical significance of heparanase
In Table 1 Fifty-two (65.8%) esophageal carcinoma were
heparanase-positive (Figure 1A and B) and 27 (34.2%)
tumors had no detectable level of heparanase. Expression
of heparanase was significantly higher in tumors than in
normal esophageal tissue (P = 0.01). Heparanase expression
was also associated with depth of invasion, clinical stages
and lymph-node metastasis. All were significantly higher in
heparanase-positive tumors compared with heparanasenegative tumors (P<0.05). However, there was no significant
correlation between heparanase expression and tumor cell
differentiation, age and gender (P>0.05).

significantly positively correlated with MVD expression
(Figure 1C and D) (P<0.001; Table 3). A simple regression
model was used to evaluate the correlation between MVD
and bFGF and heparanase. There was a direct linear relationship between the positive expression of bFGF and heparanase
and the MVD in each individual tumor (P<0.001).This
indicates that bFGF and heparanase are directly correlated
with angiogenesis in esophageal carcinoma.
Table 3 shows that coexpression of both heparanase and
bFGF was significantly correlated with MVD (P<0.001).
Based on the level of heparanase-positivity, we divided
heparanase-positivity into three groups (high; moderate; low).
Postoperative survival periods were computed by the method
of Kaplan-Meier and compared by using the log-rank test.
(Table 4) Level of heparanase-positivity negatively correlated
with the postoperative survival periods (Figure 2, Table 5,
P<0.001).
Analysis of prognosis was computed by the method of
Cox proportional hazard model. It suggested that positive
expression of heparanase and bFGF, lymph node and distant
metastasis and MVD were hazardous factors of postoperative
survival periods.

Expression of bFGF and clinicopathological features of
esophageal carcinoma
The bFGF-positive rate was significantly higher in esophageal
carcinoma compared with that in the surrounding normal
tissues (P<0.01), so was heparanase expression. There was a
significant correlation between bFGF expression and depth of invasion, clinical stages and lymph-node metastasis
(P<0.05 Table2).
Expression of bFGF and heparanase in tumor was

Table 2 Expression of Hps, bFGF, MVD in esophageal carcinoma
Hps

bFGF
P

Positive
e ratio(%)

0.787 a

MVD

Parameter
n

+

Positive
ratio(%)

Male

60

40

66.7

Female

19

12

63.2

<60

50

33

66

≥60

29

19

65.5

+

P

Mean

SD

0.864a

35.32

7.55

37.23

4.17

0.317a

35.59

3.87

0.876a

36.07

6.11

33.13

7.93

31.92

5.29

32.52

6.17

23.78

4.16

42.01

5.40

31.87

7.17

38.44

5.74

35.95

5.19

43.19

7.15

P

Gender
43

71.7

14

73.7

35

70

22

75.9

Age (yr)
1a

0.614a

Tumor cell differentiation
0.921 a

High

27

17

63.0

20

74.1

Moderate

33

22

66.7

23

69.7

Low

19

13

68.4

14

73.7

Ti+T1+T2

28

10

35.7

12

42.9

T3+T4

51

42

82.4

45

88.2

N0

32

14

43.8

14

43.8

N1

47

38

80.9

33

70.2

0+I+II

38

20

60.5

23

60.5

II+IV

41

32

70.7

34

82.9

0.918a

0.878a

Depth of invasion
0c

0c

0c

Lymph-node metastasis
0.001 c

0.019b

0.051a

Clinical stages
0.017 b

Note: aP>0.05 no significant difference; c P<0.05 statistical difference; bP<0.001 significant difference.

0.026

0.375a
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1.2

Table 5 Variables in the equation

Survival function at mean of covariates
HP

1.0
Cum survival

2191

Variables

2

T
N
BFGF
MVD
M
Hps
Clinical
stage

0.8
1

0.6

0

0.4
0.2
0.0
-0.2
-20

0

20

40

60

80

Figure 2 Heparanase-negative; 1 = heparanase- positive; 2 = strongly
heparanase-positive.

DISCUSSION
H-S proteoglycan is present in the basement membrane of
every vascularized organ and in the tumor stroma of several
human cancers[22] . A major function of the proteoglycans is
attributed to the properties of H-S[23], which is essential for
insolubility of the extracellular components, cell adhesion,
and locomotion[6-10]. H-S also works as a storage depot for
active growth factors, of which bFGF is the most extensively
studied[24]. Thus, acquisition of heparanase and splitting of
H-S by a given tumor would offer such a tumor two essential
features of malignancy: volatilization of the other extracellular
matrix constituents, facilitating tumor invasion through blood
vessels and tissues; and releasing and activation of H-Sbinding growth factors and, hence, enhancing the tumor
angiogenesis.
In our results, there was a direct correlation between
heparanase expression and angiogenesis in esophageal
carcinoma. Tumors with positive heparanase expression had
a significantly higher MVD compared with heparanasenegative tumors. Accordingly, we can conclude that heparanase
expression has an axial role not only in the tumor growth
and invasion but also in the angiogenesis of esophageal
carcinoma.
In the present study, the expression of bFGF was significantly higher in esophageal carcinoma compared with that
in the surrounding and normal esophageal tissue, indicating
that its up-regulation was involved in the tumor biology.
Moreover, bFGF was directly correlated with MVD of
esophageal carcinoma. bFGF induces neovascularization
through various mechanisms including a potent mitogenic
effect on the vascular and capillary endothelial cells[19,22] ,
stimulation of endothelial migration and capillary formation,
and production of plasminogen activators, proteases that
are involved in the invasive property of endothelial cells
during angiogenesis[25].

Table 4 Log-rank analysis of postoperative survival periods

b

P<0.001 significant difference.

1.181a
2.430a
2.032a
1.038a
11.221a
3.390a
1.256a

0.824-1.692
1.065-5.543
1.111-3.716
1.000-1.077
-2.427-51.880
2.046-5.615
0.819-1.924

REFERENCES
1
2

4

Statistics

df

19.64

2

0.0001b

2
2

b

15.66
17.62

95% CI for Exp(B)
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of heparanase and bFGF expression in tumor. Coexpression
of both factors was associated with higher MVD compared
with expression of either factors alone. Such synergetic
action may be attributed to the direct ability of heparanase
to solubilize the components of ECM, which enhances
endothelial cell migration during neovascularization. On the
other hand, heparanase increases the biological activity of
bFGF as well as of other H-S-bound growth factors like
VEGF, PDGF, and HGF[33-37], which are expected to further
enhance the angiogenic effect.
In conclusion, expression levels of heparanase correlate
negatively with patient survival, suggesting a role of basement membrane and ECM-degrading enzymes in tumor
microenvironment alterations that facilitate esophageal
carcinoma cell growth, invasion, and metastasis formation.
Therefore, the development of drugs acting as inhibitors or
blocking agents of hps action may add a new therapeutic
modality in the future treatment of pancreatic cancer.
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Abstract
AIM: To evaluate ophthalmic disorders with special
attention to retinopathy in cirrhotic patients. Vitamin A
deficiency-related ophthalmopathy, xerophthalmia, and
color blindness may be documented in cirrhosis due to various
etiologies. Retinopathy is an obscure feature of cirrhosis.
METHODS: Thirty-two cirrhotic patients, who were
followed up by Clinics of Gastroenterology, Izmir Ataturk
Teaching and Research Hospital, were enrolled to the study.
Associated systemic diseases such as diabetes mellitus
and hypertension were excluded. Thirty-two healthy
volunteers took part as the control subjects. All participants
had ophthalmologic examination in the same hospital.
RESULTS: Five (15.6%) of the cirrhotic subjects had
soft exudate in the retina. None of the control subjects
had retinopathy (P<0.05). Intraocular pressure (IOP)
measured for both eyes were also significantly lower
in the cirrhotics (P<0.05 vs P = 0.01). There were no
statistically significant differences between the two groups
in terms of other ophthalmic pathologies. The ophthalmic
findings did not show up any differences according to the
etiology of cirrhosis.
CONCLUSION: Soft exudates may develop in cirrhotic
patients probably due to loss of synthetic function of liver
and hemodynamic effects of portal hypertension.
Retinopathy must be sought in cirrhosis because of its
severe morbidity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
More than 60% of cirrhotic patients have clinical manifestations
of portal hypertension (splenomegaly, portal-systemic
collaterals, ascites)[1]. The ophthalmic pathologies of cirrhosis
in the literature involve xerophthalmia, vitamin A deficiency,
and color blindness. Xerophthalmia and keratoconjunctivitis
observed in Sjögren’s syndrome may be associated with
autoimmune hepatitis and primary biliary cirrhosis. Xerophthalmia is also observed in vitamin A deficiency. It may
even progress to small grayish lesions, namely Bitot’s spots,
and blindness. Night blindness may ensue. Vitamin A
deficiency may be seen in cirrhosis since liver is the organ
where vitamin A is deposited[2,3]. This is a well-documented
state in primary biliary cirrhosis and alcoholic cirrhosis. Color
blindness may be seen in cirrhosis especially in alcoholic type.
There are scarcely few studies about retinopathy in
cirrhosis. Exudates and hemorrhage may be seen in the
retina[4,5]. In these studies, associated diseases such as DM
and hypertension were not excluded. Relationship between
retinopathy and a variety of systemic diseases such as diabetes
mellitus (DM), hypertension, blood dyscrasias (myeloproliferative disorders, plasma cell dyscrasias), Behçet’s disease,
sarcoidosis and systemic infections including HIV is well
known. Intraretinal hemorrhage, exudate, cotton-wool spots
(retinal infarcts), and papilla edema may be seen in hypertensive neuroretinopathy and diabetic retinopathy. These
changes constitute an important morbidity since they may
lead to blindness. Exudates are composed of extravasated
plasma proteins mainly lipoproteins and are gray-yellow in
color. Macrophage response is also evident. Cotton-wool spots
represent microvascular infarcts due to ischemia. Axoplasmic
deposits surround the infarcted area. Diabetic retinopathy
comprises endothelial dysfunction, advanced glycosylated
end-products, increased capillary permeability, thrombocyte
dysfunction, adherence of leukocytes to endothelium,
arteriovenous shunts due to obstruction of vasculature with
coagulum, retinal ischemia, retinal edema, and exudates.
Diabetic retinopathy is primarily related to hyperglycemia
though hormonal and hemodynamic factors may modify
the ongoing process[6]. Focal and diffuse arteriolar narrowing,
obstructed precapillary arterioles, hemorrhage, retinal edema,
and hard exudates occur in hypertensive retinopathy. There
is an entity that has to be considered in the differential
diagnosis, the so-called Drusen anomaly. It precedes senile
macular degeneration. It does not usually result in blindness.
They are characterized by asymptomatic yellow deposits

2194

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

underneath the retinal pigmented layer[7].

MATERIALS AND METHODS
Thirty-two cirrhotic patients followed up by Clinics of
Gastroenterology, Izmir Ataturk Teaching and Research
Hospital were enrolled to the study. All patients had clinical,
laboratory, and ultrasonographic features compatible with
cirrhosis. Hepatitis B, alcohol, and both causes were responsible
for the cirrhotic cases (16, 14, 2 patients, respectively). None
of the patients had hepatitis C infection. They were neither
diabetic (according to fasting and random blood glucose)
nor hypertensive according to the criteria of American Diabetes Association and Joint National Committee[8,9]. They
were not using any ophthalmic and antidiabetic drugs. The
only two cardiovascular medicine used were propranolol
(81%) and spironolactone and/or furosemide (63%)
prescribed for cirrhosis. All patients had endoscopic examination within the preceding 6 mo due to several reasons
and esophageal and gastric varices were detected in 84%
and 44%, respectively. The control group comprised 32
healthy volunteers. None of them had a known history of
DM, hypertension, known liver disease, and alcohol
consumption; they were not using any drugs related to these
disorders either.
Ophthalmic examination was performed following pupil
dilation with 1% tropicamide drops. Color blindness was
evaluated with Ishihara test. Intraocular pressure (IOP) was
measured with the applanation tonometry. Schirmer 2 test
and break-up time were measured to detect xerophthalmia.
Standard Whatman filter paper was used for Schirmer test.
Anesthetic drop was not applied. Values above 10 mm were
accepted abnormal. Break-up time was measured with
biomicroscope. Values ranging from 15 to 35 s were considered
normal. The protocol was approved by the local ethics
committee and each patient provided written informed consent.
The whole statistical analysis was performed using the
SPSS 10.0 statistical software for Windows. Qualitative
ophthalmic data were compared by 2 test and quantitative
data by nonparametric tests. We compared Schirmer test
results, break-up time values, and IOP measurements first
by Kruskal-Wallis test and then by Mann-Whitney nonparametric test. Variables with a P value less than 0.05 was
consid-ered statistically significant.
RESULTS
Mean age was 47.5±9.3 years for the cirrhotic group and
43.4±14.1 years for the control group. Male was the preponderant gender in the cirrhotic group (n = 25, 78%); only
18 (56%) were male in the other group. Eighteen (56%) of
them were Child-Pugh class B, 7 (22%) were Child-Pugh
class C, and 7 (22%) were Child-Pugh class A. Serum glucose,
albumin, sodium levels, and platelet counts of the cirrhotic
patients were as follows: 101±11 mg/dL, 3.08±0.65 g/dL,
135±5 meq/L, and 111 567±63 687/mm3, respectively.
Twenty-five patients had a mean activated partial thromboplastin
time of 36.7±6.0 s. All patients had prothrombin time (PT)
measured (mean 16.4±5.3 s) (Table 1).
Results of Schirmer test performed for each eye separately were similar (cirrhotics: 13.8±3.1 mm in the right vs
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Table 1 Clinical, laboratory, and endoscopic features of cirrhot ic patients
Cirrhotic group

Healthy group

Age (yr)

47.5±9.3

43.4±14.1

Gender (male/female)

25/7 (78%/22%)

18/14 (56%/44%)

Glucose (mg/dL)

101±11

Albumin (g/dL)

3.08±0.65

Sodium (meq/L)

135±5

Platelet count (/mm3)

111 567±63 687

Gastric varices

14 (44%)

Esophageal varices

27 (84%)

Spider angioma

13 (41%)

Hepatitis B

18 (56%)

Alcohol

16 (50%)

–

-blocker usage

26 (81%)

–

Diuretic usage

20 (63%)

–

–

14.5±2.6 mm in the left; control subjects 15.0±1.7 mm in
both eyes). In the cirrhotic group break-up time for tear film
was 12.5±2.8 and 12.5±2.7 s. It was 12.2±2.1 and 11.9±2.2 s
for the control subjects.
Two (6%) cirrhotic patients and one (3%) healthy
volunteer were color blind. None of the cirrhotics, but two
(6%) control subjects, had epithelial defect in cornea. Iris
atrophy was evident in one (3%) cirrhotic patient and all
control subjects had normal anterior chamber examination.
Vision acuity was sound in 75% of cirrhotics and 28% of
the control subjects. One patient from each group had
glaucoma (3% of cirrhotics and 3% of control subjects).
The two groups had no statistically significant differences
in terms of ophthalmic features outlined above.
Retinal examination of cirrhotics revealed chorioretinal
atrophy in two (6%) patients, Drusen anomaly in one (3%),
and exudates in five (16%) (Table 2) (Figures 1A and B). In the
latter group, exudates were localized bilaterally (n = 3, 60%).

Table 2 Demographic clinical and laboratory features of the patients with retinopathy
Case 1

Case 2

Case 3

Case 4

Case 5

Age (yr)

41

48

57

54

67

Gender

Male

Male

Female

Male

Male

Etiology

Alcohol

Alcohol

Hepatitis B

Alcohol

C

B

B

Macular

Macular;

Bilateral

Around

Scattered;

and

unilateral

macula;

bilateral

Child–Pugh C

Hepatitis B
B

class
Exudate

peripheral;

unilateral

bilateral
Varices

Present1

Present

Present

Present

Present

Glucose

95

121

98

92

103

Plt2 (/mm3) 49 000

42 000

40 000

221 000

89 000

PT (s)

12.1

34.4

13.3

10.2

13.6

Drugs3

Present

Present

Present

Present

Present

1

All cases had both esophageal and gastric varices except case 1. Case 1 did not
have gastric varices. 2Platelet count. 3Beta-blocker and diuretic agents.
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Table 3 Schirmer test results, break-up time, and IOP values of the
participants

Schirmer test1

Cirrhotic group

Healthy group

13.8±3.12

15.0±1.72

3

15.0±1.73

P>0.05

12.5±2.82

12.2±2.12

P >0.05

3

11.9±2.23

P >0.05

14.1±2.52

15.4±2.12

0.02

14.0±2.33

15.3±2.03

14.5±2.6
Break-up time4

12.5±2.7
IOP

P
0.046

0.01

Figure 1 A: Fundus photograph of case 1. Exudate around macula
and at the periphery. Retina is involved bilaterally; B: Fundus photograph of case 4. Exudate around macula. Retina is involved unilaterally.

Three out of five had exudates in the macular region. One
had diffuse soft exudates. None of the healthy subjects
had exudates. The cirrhotic subjects had a significantly higher
incidence of retinal exudates when compared to the control
ones (P<0.05). All cirrhotics with retinopathy were also using
diuretics. Among the cirrhotics without retinopathy 75%
were treated with diuretics. However, retinopathy was not
statistically relevant to diuretic usage. Ophthalmic features
did not show up any significant differences neither among
patients with or without gastric varices nor among those
with or without spider angiomas. Etiology of cirrhosis was
not shown to have any impact on ophthalmic findings. No
significant differences were found between two groups in
terms of Schirmer test results and break-up time values.
The participants of both groups had IOP in the normal
range. However, IOP was significantly lower in the cirrhotic
group (P<0.05 and P = 0.01) (Table 3). Hence, we did not
observe any significant difference between ophthalmic
findings of both groups, and IOP values. Cirrhosis may
occasionally cause hemorrhage in ophthalmic structures due
to impaired production of coagulation factors and
thrombocytopenia. In our study no hemorrhagic foci were
found.

DISCUSSION
Retinopathy is not a well-studied feature of cirrhosis. Abe
et al, compared retinal features of 85 hepatitis C patients with
and without cirrhosis to those of control subjects (n = 100).
They found that retinopathy comprises hemorrhage and
exudates in 27 (31.8%) of patients. Risk factors were female
gender, thrombocytopenia, systemic hypertension, a long
history of liver disease, advanced age, and cirrhosis.
Furthermore there was a statistically significant difference
between the two groups (P<0.01) [4]. In our study we
observed soft exudates only in the cirrhotic group. None
of the healthy control subjects had exudates. This finding
was statistically significant. We failed to find any statistically
significant difference among Child class, platelet number,
PT, and retinopathy. In addition to the results compatible
with Abe’s study, we took a further step by excluding the
two major causes of retinopathy, i.e., hypertension and DM.
In Abe’s study eight patients with hepatitis C had evidence
of cirrhosis. Five had hypertension and two had DM. Only
two patients had neither DM nor hypertension. Therefore,

1

mm; 2Right eye; 3Left eye; 4Seconds.

our study is more focused on cirrhosis-related retinal changes
by excluding hypertension and DM. In contrast to Abe’s
study, none of our patients had hepatitis C infection; they
had alcohol and/or hepatitis B instead. Abe et al, showed a
waxing and waning pattern during IFN therapy and
suggested a possible immune pathogenesis.
Pathophysiology of retinopathy is well defined in
diabetics. Since retinopathy was not searched in cirrhotics
in large surveys, pathophysiology involving retinopathy in
cirrhosis is unknown. Increased estrogen formation may
cause hormonal modification in retinopathy. Shunts in retinal
vasculature resembling intrarenal and intrapulmonary shunts
observed in hepatopulmonary syndrome and hepatorenal
syndrome may be operational in retinal ischemia and cottonwool spots. In our study none of the cirrhotics had hepatorenal
syndrome. Our patients were not evaluated for the presence
of diagnostic criteria for hepatopulmonary syndrome, but
none of them had cyanosis and clubbing. Increased hydrostatic
pressure caused by high portal pressure, hypoalbuminemia in
cirrhosis and resultant decreased oncotic pressure may also
contribute to exudate formation via extravasation of plasma
contents. A study done by Dittmer and colleagues supports
this suggestion[10]. Seventeen patients with cirrhosis and portal
hypertension, largely due to alcohol consumption, had
ophthalmic examination before and after transjugular
intrahepatic portosystemic stent shunting. Retinopathy was
evident in 11 patients of which 5 were exudate in nature.
Retinopathy regressed significantly or disappeared completely
after this procedure which has hemodynamic contributions
to the systemic circulation. These findings were attributed to
the fact that cirrhosis leads to decreased retinal perfusion.
We think retinal exudates and cotton-wool spots may
represent pathologic manifestations of cirrhosis in patients
without DM and hypertension. Retinopathy can be present
not only in hepatitis C positive cases but also in other etiologies
involved in cirrhosis. Although our findings are interesting
further larger studies are warranted to reach a conclusion.
Also, retinal examination of Child-Pugh class A group cirrhotics
and those who do not have varices may reveal more
information about impact of portal hypertension on retina.
In conclusion, retinopathy leading to significant morbidity
in DM may be observed even in cirrhotics without DM.
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Abstract
Melanoma of the gastrointestinal tract is a rare, highly
malignant neoplasm of poor prognosis. This is description
of an unusual case of surgically treated patient with two
metachronous malignant melanomas of the stomach and
the esophagus. The former lesion was located in the cardia
and effectively treated with R0 total gastrectomy. The latter
was recognized after 67 mo and appeared as irregular,
flat, pigmented areas located in the mid esophagus.
Subtotal esophagectomy via right-sided thoracotomy,
laparotomy and left-sided cervicotomy was performed,
but neoplastic cells were found in distal margin (R1).
Fourteen months after esophagectomy multiple lung
metastases were detected. Patient died 2 mo later.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Melanoma is highly malignant neoplasm with an unpredictable
course. Primary melanomas of the esophagus and stomach
are rare[1-9] comparing to more common metastases of
melanomas from other locations especially skin[10]. The
esophageal melanomas account for 0.1-0.2% of all primary
tumors of this organ. This location is estimated in 2% of
all cases of alimentary tract melanoma [4-6]. About 238 cases
of primary esophageal melanomas were published in the

literature so far, but only few cases of primary stomach
location[11,12,16-19].
This description is of an unusual case of surgically treated
patient with long survival with two metachronous malignant
melanomas of the stomach and esophagus. In available
literature no similar study is found.

CASE REPORT
A 56-year-old man was admitted to General Surgery
Department of Skubiszewski Medical University of Lublin
in March 1997 due to three-month history of epigastric pain,
periodical vomiting with admixture of blood and the loss of
body weight about 5 kg. Either family history or exposition
to environmental toxic factors were not significant. Physical
examination did not reveal any abnormalities. Barium swallow
and endoscopic examination demonstrated ulcerated tumour
located in the cardia. The biopsy specimens taken from the
tumor revealed small neoplastic cells with scanty dark brown
pigment that exhibited positive immunostaining for HMB45 and negative for cytokeratin and CD45. The appropriate
negative and positive controls were routinely performed
and the diagnosis of malignant melanoma was established.
Extended total gastrectomy with splenectomy, omentectomy
and D2 lymphadenectomy was performed on 25 March
1997 with radicality estimated as R0. The gross examination
of surgical specimen showed a 1.0 cm×2.0 cm ulcerated
grayish-brown tumor located just below esophagogastric
junction. Microscopic examination confirmed the initial
diagnosis of malignant melanoma. The tumor invaded
gastric mucosa and submucosa (Figure 1). Resection margins
were free of tumor. None of 20 lymph nodes contained
metastases. The clinical course was complicated by 7-d high
temperature and the liquid reservoir in left subphrenic
region. The patient was treated conservatively.
After 67 mo period, on 21 October 2002, the patient
was admitted to our Department due to mild dysphagia.
Endoscopic examination demonstrated three irregular, flat,
pigmented areas located at 25, 32 and 37 cm from incisors
(Figure 2) as well as a single, slightly elevated nonulcerated
lesion - 0.7 cm in diameter - at 25 cm from incisors.
Esophagojejunal anastomosis was wide with a smooth
surface. The biopsy specimens taken from the lesions
contained only stratified squamous epithelium with a few
scattered cells with fine brown pigment that exhibited positive
immunostaining for HMB-45. The computer tomography
showed a thickened esophageal wall above the esophagojejunal
junction, but neither enlargement of lymph nodes nor distant
metastases were demonstrated.
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Figure 1 Gastric melanoma (HE, original magnification ×100).

Figure 3 Esophageal melanoma (HE, original magnification ×100).

On 29 November 2002 the subtotal esophagectomy via
right-sided thoracotomy, laparotomy and left-sided cervicotomy
was performed. The esophageal substitute was formed with
a left colon supported by middle colic artery and placed in
retrosternal channel in antiperistaltic arrangement. Gross
examination of 11 cm-length segment of esophagus confirmed
coexistence of three flat and single elevated brownish lesions.
In microscopic examination, the formers corresponded to
lentiginous pattern of atypical melanocytes proliferation
whereas the letter to malignant melanoma infiltrating mucosa
and superficial part of submucosa (Figure 3). The diagnosis
was confirmed by immunostaining (Figure 4). Scattered
morphologically normal melanocytes were found in basal
layer of the surface epithelium. Nineteen resected lymph
nodes were free of metastases. The radicality of surgical
procedure was estimated as R1 due to in situ melanoma
found in distal margin.
The clinical course was complicated by intestinal fistula.
The esophageal substitute was resected and the ileostomy
was done. Two months later favorable results of CT and
ultrasonography as well as better general conditions of the
patient permitted on alimentary tract reconstruction. On 8
April 2003 izoperistaltic esophageal substitute was formed
with the right colon supplied by middle colic artery by
laparotomy. The cervical esophagus was anastomosed with
the terminal small intestine and the large intestine was joined
in the upper abdomen with previously formed reservoir
from small intestine. Clinical course was uneventful and
the patient was discharged 12 d after surgery.
In January 2004 the CT examination demonstrated
numerous metastases in both lungs. The patient died 14 mo
after subtotal esophagectomy and 2 mo after detection of
lung metastases. Autopsy was not performed.

DISCUSSION
The primary melanoma of esophagus and stomach is a
rare neoplasm. Some authors consider the esophageal and
gastric melanomas to originate from the ectopic melanocytes,
which emigrate to the digestive tract during embriogenesis[3,21].
This concept is supported by the presence of melanocytes
in mucosa of the digestive tract, mainly the rectum, which
was confirmed by immunohistochemical staining[20]. So-called
melanosis or melanocytosis, and atypical junctional melanocyte
proliferation are also reported in esophageal mucosa[15,21,22].
These lesions are observed in 25% cases of esophageal
melanomas and are thought to be precursor lesions[4,5]. Due
to the absence of benign melanocytes in a normal gastric
mucosa, a few reports of primary gastric melanoma are
questioned[17-19]. In the case presented, we revealed scattered
melanocytes and proliferation of atypical melanocytes only
within esophageal epithelium. However, the gastric mucosa
was free of benign melanocytes both in routine staining
and immunostaining (HMB-45). Locations of primary
melanoma outside the gastrointestinal tract were excluded.
Based on these findings as well as early stage of esophageal
tumor at the time of its diagnosis (T1N0) and relatively long
time between the diagnosis of gastric and esophageal tumors
(67 mo) we recognized them as two metachronous primary
melanomas, although the possibility that esophageal lesion
was intramural metastasis of early invasive gastric melanoma
could not be excluded.
The clinical symptoms of upper digestive system melanoma
are not specific and similar to other tumors of this region,
which result in loss of body weight, anemia or dysphagia.
Malignant melanomas spread quickly by invading esophageal
or gastric wall but also via lymphatic and blood vessels[11]. At

Figure 2 Endoscopic picture of esophageal melanoma.

Figure 4 Strongly positive immunostaining for HMB45 in both esophageal melanoma and intraepithelial melanocytic lesion (LSAB2/
HRP, original magnification ×100).

Dabrowski A et al. Metachronous melanoma

the time of diagnosis 50% of patients have distal metastases,
mainly in the liver (31%), mediastinal lymph nodes (29%)
and the lungs (18%)[11,12]. In our case, lung metastases were
detected 12 mo after the esophagectomy. Regardless of
the stage of the esophageal melanoma the prognosis always
remains poor. For this melanoma the best treatment was
surgery with esophagectomy as best procedure due to deep
submucosal infiltration[6,8]. However, surgical treatments are
regarded as a palliative therapy with a small effectiveness[12-15].
The advantages of chemo-, immuno- or radiotherapy of
esophageal or gastric melanomas are also not too effective
and these methods are not routinely used. The expectations
for treatment of metastases and recurrent melanoma have
yet to be reached.
The survival period of our patient was unusually long he survived 7 years after the gastrectomy and 15 mo after
the esophagectomy. Available case and series reports do
not give any precise evidence regarding survival of the
patients with primary gastric melanoma. According to literature
regarding survival after diagnosis of esophageal melanoma
treated by esophagectomy the results are similar to ours:
9-12 mo[11]. Rarely the survival after radical R0 esophagectomy
is reported to be longer than 5 years[12]. We conclude that
this topic needs more attention than has been given and
hopefully in future the expectations for treatment of
metastases and recurrent melanoma will be reached.
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Abstract
To show that brucellosis may trigger autoimmune
hepatitis (AIH), in addition to nonspecific liver involvement
and toxic hepatitis, due to a class effect of tetracycline
family used for treatment. We present a female patient
admitted to our hospital due to partially improved fatigue
and elevated liver enzymes following doxycycline and
streptomycin usage for brucellosis. Brucellosis is endemic
in our country, Turkey. It may involve any organ in the
body. Liver is frequently involved. Doxycycline used for
treatment occasionally may lead to hepatotoxicity. AIH is
a necroinflammatory disease of the liver. Certain drugs
(e.g., minocycline), toxins, and viruses (hepatitis B,
hepatitis C, EBV, etc.) can trigger AIH. Only one case of
AIH probably caused by doxycycline and brucellosis was
reported. We discuss the relationship between brucellosis,
AIH, and hepatotoxicity of doxycycline. Brucellosis may
trigger AIH.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Brucellosis; Autoimmune hepatitis; Doxycycline
Onder C, Bengur T, Kirci A, Mine T, Zafer B, Belkis U, Kadir A,
Gazi Y. Etiological role of brucellosis in autoimmune hepatitis.
World J Gastroenterol 2005; 11(14): 2200-2202

http://www.wjgnet.com/1007-9327/11/2200.asp

INTRODUCTION
Brucellosis can present with various manifestations and may
involve any organ in the body. Hepatic pathology comprises
noncalcified granulomas, suppurative abscesses, and
mononuclear cell infiltration. Liver and spleen enlarge in
15-20% of cases. Elevated liver enzymes and bilirubin levels
accompany these pathologies[1].

Doxycycline, used for brucellosis, can cause toxic
hepatitis. Doxycycline may lead to microvesicular fatty
infiltration as the other members of the tetracycline family.
There is only one report about toxic hepatitis caused by
doxycycline in human despite various studies done on rats
by Böcker et al, showing microvesicular fatty infiltration
with 50-100 mg/kg doxycycline[2-5]. Hepatocytes are filled
with fat droplets that do not displace the nucleus. They occur
as a result of beta oxidation of fatty acids. Fatty infiltration
is either diffuse or zonal. It is partially correlated with dosage[6].
Streptomycin, another drug used for brucellosis, has no
known hepatotoxicity.
Autoimmune hepatitis (AIH) is a necroinflammatory
disease that may lead to chronic hepatitis and cirrhosis. Its
etiopathogenesis is not clear. Various clues indicate that some
viruses (HBV, HCV, coxsackie, EBV, etc.), some drugs
(minocycline in type 1 AIH, etc.), and toxins can trigger
AIH[7-9]. Histological findings of AIH are portal hepatitis,
interface hepatitis, panacinar hepatitis, and cirrhosis; even
there may be no pathologic features. Interface hepatitis is
characterized by gamma globulin deposition in hepatic
mesenchymal cells in periportal area with lymphocyte,
plasmocyte, and histiocyte infiltration. Although these
features are not entirely specific for AIH, they are frequently
and most severely observed in AIH. Destructive bile duct
injury does not support AIH while periductal lymphoid
aggregates or mixed inflammatory infiltrates are acceptable
in cases with interface hepatitis and appropriate clinical findings.
Presence of destructive cholangitis and ductopenia suggests
primary sclerosing cholangitis (PSC), while nondestructive
cholangitis suggests primary biliary cirrhosis (PBC). Diagnosis
of AIH is difficult not solely due to histopathologic findings
but also due to alcohol usage, viral markers, biochemical
and immunologic markers. Nevertheless a scoring system
was developed to increase the specificity of diagnosis of
AIH (Table 1). Some features (destructive cholangitis or
ductopenia) of PBC or PSC may accompany those of AIH,
namely overlap syndromes. Some infectious agents or some
drugs may trigger overlap syndromes as well as AIH[10].
The case described below is a good example about
difficulties in defining the etiology in a patient with impaired
liver enzymes.

CASE REPORT
A woman, who was diagnosed with brucellosis by serological
and clinical means three months ago, received a treatment
regimen of doxycycline and streptomycin. She was admitted
to hospital because of partially improved fatigue and elevated
liver enzymes.
Biochemical tests yielded AST 140 IU/L, ALT 122 IU/L,

Onder C et al. Brucellosis-related AIH
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Table 1 AIH scoring system
Category

Feature

Score

Patient

Gender

Female

+2

+2

ALP:AST (or ALT) ratio

<1.5

+2

–2

1.5–3.0

0

>3.0

–2

Gamma globulin or Ig G levels over >2.0

+3

normal values

1.5–2.0

+2

1.0–1.5

+1

ANA, SMA, or anti-LKM1 titer

<1.0

0

>1:80

+3

1:80

+2

1:40

+1

<1:40

+3

+3

0

AMA

Positive

–4

–4

Viral markers

Positive

–3

+3

Negative

+3

Drugs

Yes

–4

No

+1

<25 g/d

+2

>60 g/d

–2

Alcohol

diagnosed to be overlap syndrome that comprised AIH and
PBC. Methyl prednisolone 40 mg/d and ursodeoxycholicacid
(UDCA) 15 mg/(kg·d) were administered. All liver function
tests returned to normal after a month. She is still taking
maintenance treatment of steroid and UDCA.

–4
+2

Figure 1 Areas of focal necrosis and periportal biliary piecemeal
necrosis (HE ×440).

HLA

DR3 or DR4

+1

Immune disease

Thyroiditis, colitis,

+2

0

+2

0

Interface hepatitis

+3

+3

Plasmocytes

+1

+1

Rosette formation

+1

0

None of the above

–5

0

Biliary changes

–3

–3

Other features

–3

0

Complete

+2

+2

Relapse

+3

synovitis, others
Other liver-related antibodies

Anti-SLA/LP,
anti-aktin, anti-LC1,
p-ANCA

Histologic features

Response to therapy
Score before therapy
Absolute diagnosis

>15

Probable diagnosis

10–15

6

Abbreviations: ALP, serum alkaline phosphatase level; AST, serum aspartate
aminotransferase level; ALT, serum alanine aminotransferase level; ANA, antinuclear antibody; SMA, smooth muscle antikoru; anti-LKM1, antibody against
liver/kidney type 1; AMA, anti-mitochondrial antibody; anti-SLA/LP, antibody
against soluble liver antigen/liver pancreas; anti-LC1, antibody against liver
cytosole type 1; p-ANCA, perinuclear anti-neutrophilic cytoplasmic antibody.

ALP 1 558 IU/L, GGT 1 190 IU/L and total bilirubin
2.48 mg/dL. Albumin/globulin ratio was reversed despite
a normal level of albumin. Polyclonal gammopathy was
detected on protein electrophoresis. Serum glucose, lipid,
urea, creatinine levels and prothrombin time were normal.
Anti-HBsAg, HBsAg, anti-HBc Ig G/M, anti-HBe Ag,
HBeAg, anti-HCV, anti-HDV, anti-HEV, anti-HAV Ig G/M,
and anti-HIV were negative. HBV-DNA and HCV-RNA
were also evaluated; they were negative too. Immunologic
markers of AIH (ANA, AMA, ASMA, p-ANCA, and antiLKM1) were negative save ANA and AMA (1/640 and
1/320, respectively). Serologic tests for brucellosis were
repeated; Rose-Bengal test was three positive and Brucella
abortus titer was positive (1/320) for Coombs’ test. Liver
biopsy was performed and it yielded plasmocyte infiltration,
interface hepatitis, and nondestructive bile duct injury
suggesting PBC (Figure 1). AIH score was six. The case was

DISCUSSION
Liver involvement due to brucellosis recurrence and toxic
hepatitis was suspected at admission. Microvesicular fatty
infiltration, suggesting toxic hepatitis due to tetracycline and
doxycycline, was not evident. Hence, histopathology did not
support toxic hepatitis. Liver biopsy yielded bile duct injury,
interface hepatitis, and plasmocyte infiltration. As a result
we focused on AIH and evaluated immunologic markers of
AIH. ANA positivity supported AIH. Increased gamma globulin
levels, female gender, negative viral markers, and absence
of alcohol usage also supported the diagnosis. Unfortunately
anti-SLA/LP, anti-aktin, anti-LC1, and HLA tests were
unavailable.
AST and ALT levels (3.5 and 3.0 times UNL) in our
case were not in the range of a typical AIH case (more
than 5.0 times UNL). In most cases of AIH, AST and ALT
are below 500 IU/L. Bile duct injury and increased ALP/AST
and ALP/ALT ratio indicated cholestatic component.
Absence of ductopenia, nondestructive nature of cholangitis,
and periductal infiltration supported PBC in spite of PSC
component. AMA positivity was also valid for PBC. As in
PBC, ALP was predominantly elevated than AST and ALT.
The case was diagnosed with an overlap syndrome
according to the AIH scoring system probably triggered by
doxycycline. Clinical and biochemical response to steroid
and UDCA therapy is achieved.
Liver involvement in brucellosis is not restricted to
granulomatous hepatitis; nonspecific cell infiltration
(mononuclear cell and plasmocyte) is evident in most cases.
This finding suggests that hepatic involvement of brucellosis
may contribute to hepatic injury in our case. Furthermore,
an overlap syndrome triggered by brucellosis is also open
to discussion. Whether brucellosis or doxycycline is a trigger
of overlap syndrome is an important question waiting for
an answer. We think that our case demands attention since
there is only one case in the literature about hepatitis developed
after brucellosis infection and doxycycline usage[11].

2202

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

REFERENCES
1

2

3

4

5

Fauci AS, Braunwald E, Isselbacher KJ. Harrison’s principles
of internal medicine. 14th ed. The McGraw Hill companies,
1998: 969-971
Hopf G, Bocker R, Estler CJ. The influence of tetracyclines on
the aggregation of free and membrane-bound polysomes and
on the RNA content of the liver of mice. Naunyn Schmiedebergs
Arch Pharmacol 1988; 338: 455-458
Hopf G, Bocker R, Estler CJ. Comparative effects of tetracycline and doxycycline on liver function of young adult and
old mice. Arch Int Pharmacodyn Ther 1985; 278: 157-168
Bocker R, Estler CJ, Muller S, Pfandzelter C, Spachmuller
B. Comparative evaluation of the effects of tetracycline,
rolitetracycline and doxycycline on some blood parameters
related to liver function. Arzneimittelforschung 1982; 32: 237-241
Bocker R, Estler CJ, Maywald M, Weber D. Comparative
evaluation of the effects of tetracycline and doxycycline on

6
7

8

9
10
11

April 14, 2005

Volume 11

Number 14

b l oo d a n d l i v e r l i p i ds o n m a l e a n d f e m a l e m i c e .
Arzneimittelforschung 1981; 31: 2118-2120
Topcu AW, Soyletir G. Ilaclara ve toksik maddelere bagli
karaciger hasari. 1st ed. Nobel kitap evi, 1996: 152-172
Angulo JM, Sigal LH, Espinoza LR. Coexisptent minocyclineinduced systemic lupus erythematosus and autoimmune
hepatitis. Semin Arthritis Rheum 1998; 28: 187-192
Elkayam O, Yaron M, Caspi D. Minocycline-induced autoimmune syndromes: an overview. Semin Arthritis Rheum 1999;
28: 392-397
Eichenfield AH. Minocycline and autoimmunity. Curr Opin
Pediatr 1999; 11: 447-456
Zakim D, Boyer T. Hepatology: a textbook of liver diseases.
4th ed. Saunders Company 2003: 1163-1202
Selimoglu MA, Ertekin V. Autoimmune hepatitis triggered
by Brucella infection or doxycycline or both. Int J Clin Pract
2003; 57: 639-641
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(14):2203-2205
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• CASE REPORT •

Extraskeletal myxoid chondrosarcoma metastatic to the
pancreas: A case report
C Fotiadis, A Charalambopoulos, S Chatzikokolis, GC Zografos, M Genetzakis, R Tringidou
C Fotiadis, A Charalambopoulos, S Chatzikokolis, Third
University Department of General Surgery, Athens School of
Medicine, Athens, Greece
GC Zografos, M Genetzakis, First University Department of
General Surgery, Athens School of Medicine, Ippokration Hospital,
Athens, Greece
R Tringidou, Department of Pathology, Sotiria Hospital, Athens, Greece
Correspondence to: C Fotiadis, MD, Third University Department
of General Surgery, Athens School of Medicine, Athens,
Greece. costfot@b_online.gr
Telephone: +11-30210-5326411 Fax: +11-30210-8133184
Received: 2004-10-23 Accepted 2004-11-29

Abstract
Extraskeletal myxoid chondrosarcoma (EMC) is a lowgrade sarcoma characterized by developing metastases
and local recurrence in high rate. It is mainly deep seated
in the proximal extremities. The most common metastatic
sites are the lungs, soft tissues, lymph nodes, bones and
the brain. To our knowledge, no case of clearly defined
EMC has been reported to date developing a metastasis
in the pancreas. We describe a case of a man suffering
from EMC who developed a single pancreatic metastasis
20 years after the initial diagnosis. A 49-year-old man
was submitted to surgical excision of an EMC, in left
thigh, 20 years ago. Fourteen years after the initial
diagnosis a local recurrence in left thigh occurred. Multiple
lesions of metastatic origin, in both lungs, were excised
via thoracotomies until the time being. In 2003, as a part
of a periodically performed imaging control, an abdominal
CT scan was performed revealing a solid lesion in the
pancreas. Distal pancreatectomy was performed. The
histopathology of the excised specimen proved to be the
one of metastatic lesion of EMC. The above-mentioned
case of EMC is, as far as we know, the first one described
developing a certain pancreatic metastasis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Extraskeletal myxoid chondrosarcoma (EMC) was described

firstly by Stout and Verner [1] in 1953 and as a distinct
clinicopathologic entity by Enziger and Shiraki[2] in 1972. It
is generally viewed as a low-grade sarcoma composed of
primitive chondroid cells in an abundant myxoid matrix
resembling embryonic cartilage and presenting a high rate
of survival. However, despite the protracted clinical course,
it is characterized by developing metastases and local
recurrence in high rate and finally high mortality[3].
EMC represents 2.5% of soft tissue sarcomas and the
male to female ratio is 2:1. At the time of diagnosis, the
median tumor size ranges from 1 to 25 cm in diameter,
while the patient’s median age is 50 years (ranging from 6
to 90 years)[1,4-6]. EMC is mainly deep seated in the proximal
extremities, most frequently presenting as a painful soft
tissue mass. Almost half of the cases will recur during the
clinical course[4,6].
About half of the cases of EMC will develop metastases,
which is proved to be an adverse prognostic factor with
regard to survival[4]. The location of metastases depends on
the primary site of the lesion. The most common metastatic
sites[4] are the lungs, soft tissues, lymph nodes, bone[7] and
the brain. Rare cases of metastatic EMC are noted in the
liver[8], the mandibular[9], the retroperitoneum[10] and the right
ventricle[11].
The detection of metastases varies from 6 to 15 years
after the initial diagnosis of the tumor, while survival after
detection ranges from a few months to 18 years[4]. Metastases
are detected before identification of the primary lesion or
at the time of diagnosis in almost one-third of cases developing
metastases. Significant adverse prognostic factors, with
regard to metastases, are larger tumor size, microscopic
tumor necrosis and higher Ki67 values[4].
We describe a case of a man suffering from EMC who
developed a single pancreatic metastasis 20 years after the
initial diagnosis. To our knowledge, no case of clearly defined
EMC has been reported to date developing a metastasis in
the pancreas.

CASE REPORT
A 49-year-old man was submitted to surgical excision of a
soft tissue mass of unknown origin, in left thigh, 20 years
ago. The histopathologic diagnosis of the surgical specimen,
2.5 cm in diameter, was referring to myxoid liposarcoma
of the thigh. Fourteen years after the initial diagnosis, in
1997, a local recurrence in left thigh occurred, viewed in
MRI. The lesion, 3 cm×2 cm×2 cm in dimensions, was
being excised and the histopathologic findings showed EMC.
Moreover, a piece of left femur 1.5 cm×1.5 cm×1 cm
also excised, proved bone superficially permeated by the
lesion. A review of the histological slides of the primary
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tumor also revealed EMC.
In 2000, an imaging control was performed because of
developing the local recurrence three years ago. Multiple
lesions of metastatic origin in both lungs were found. The
patient was submitted to thoracotomy and four lesions,
ranging in diameter from 0.6 to 3 cm, were excised from
both lungs. The lesions proved to be metastatic of EMC.
During recent three years, three surgical excisions of
metastatic lesions in both lungs took place: thoracotomy in
2002 for two lesions and two thoracotomies in 2003.
In May of 2003, as a part of a periodically performed
imaging control, an abdominal CT scan initially as well as
an MRI were performed. These studies revealed a solid, in
morphology, lesion with distinct margins, about 9 cm × 6 cm
in dimensions (Figure 1A). This lesion was viewed just
anterior to the body and the tail of the pancreas, giving the
impression to be of pancreatic origin. The clinical and
imaging features of the lesion were claiming to be of
metastatic nature from EMC. As a part of the diagnosis
process, a biopsy of the tumor after CT-guided FNA was
performed, but the material of aspiration was not of any
diagnostic significance.
Laparotomy was decided, firstly to determine the nature
of the tumor and secondly for therapeutical reasons, if
feasible. The lesion, previously described, was discovered
originating from the body and the tail of the pancreas. Distal
pancreatectomy was performed (Figure 1B-D).
The histological examination of the excised specimen
proved to be the one of the metastatic lesion of EMC
(Figure 1E) including tumor cells oval to round in shape, as
well as some spindled ones, with light colored/eosinophilic
cytoplasm. They were arranged, as single ones or in small groups,
in an abundant myxoid matrix. The immunohistochemical
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staining results were positive in vimentin, a1-antithrypsin, a1antichymothrypsin, lysozyme and protein S-100, while negative
in all the epithelial factors.
During the most recently performed follow-up of the
patient, five months after the pancreatectomy, a CT of the
chest revealed a, possibly metastatic, lesion in the right medial
lobe 1.2 cm in diameter. Furthermore, an abdominal CT
imaged a slightly viewed lesion in the quadrate lobe of the
liver, which could not be characterized, because of its
dimensions, without excluding the metastatic nature.

DISCUSSION
EMC is a rare neoplasm of soft tissue located in the proximal
extremities and limb girdles in 60% of cases, the trunk
(20%) and the distal extremities (20%). Distal is defined as
those lesions distal to the knee or elbow[1,4]. Most tumors
arise within skeletal muscle or tendious structures although
some involve deep subcutis[4]. Involving skin or invading
bone is extremely rare.
The local recurrence rate is about 45-50% and is not a
prognostic factor of survival[4]. Time passing between the
initial diagnosis and the first local recurrence ranges from a
few months to 18 years. With regard to local recurrence,
adverse prognostic factors are female sex and higher mitotic
rate[4].
The differential diagnosis of EMC is broad and depends
on whether the individual case is hypercellular, hypocellular
or a typical EMC. Benign and malignant tumors are included,
as mixed myoepithelial tumors[12], chondroid lipoma[13],
myxoid liposarcoma, myxofibrosarcoma [4], low-grade
fibromyxoid sarcoma, myxoid variants of ossifying
fibromyxoid tumor of soft tissues[14] and myxoid sclerosing

C

Figure 1 A: The abdominal CT scan revealing the pancreatic metastatic lesion; B: The pancreatic metastatic lesion while excised; C: The
excised surgical specimen; D: A section of the surgical specimen; E: Normal pancreatic tissue (1) and tumor cells of the metastatic EMC (2)
separated by connective tissue (× 400).
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epithelioid fibrosarcoma.
EMC has usually a multilobular configuration with an
incomplete fibrous capsule, but some cases are infiltrative.
Most have fibrous septa traversing the lesion and an abundant
myxoid matrix. The tumor cells, primitive chondroid, are
arranged in delicate intersecting strands and rings, but in
some tumors forming small balls and clusters due to loss
of cell’s cohesion[4]. Some cases are viewed with epithelioid
and/or rhabdoid cells. Cellular areas with minimal or even
absent myxoid matrix are observed in several cases, while
other cases are hypocellular and composed of elongated,
spindled cells reminiscent to fibroblasts and myofibroblasts,
this way confusing differential diagnosis. Histologic features,
including necrosis, increased cellularity, high mitotic rate,
pleomorphism, epithelioid features, rhabdoid cells and
spindled foci are not proven to affect prognosis[4].
A recurrent t (9:22) (q22:q12) translocation has been
reported in EMC involving the EWS gene at 22q12 and a
novel gene at 9q22 designated TEC or CHN, which encodes
for a novel orphan nuclear receptor. Two major types of
EWS-TEC fusion transcripts have been identified,
accounting for 75% of EMC[15,18]. Recent findings suggest
that a specific gene, TAF2N (member of TLS/FUS family,
where EWS gene also belongs to), can replace EWS gene in
the fusion transcript. The novel TAF2N-TEC gene fusion
could account for those 25% of cases that lack[19].
The study of certain immunohistochemical features
reveals some of them, as p53 and Ki67, with negative or
extremely weak immunostaining, while others, as protein S100, vimentin, PCNA, bcl-2, enolase, EMA and laminin, with
variant degrees of staining, without however any prognostic
role[4,5,20].
CT and MRI possess a major role during the diagnostic
procedure, with the latter frequently imaging tumors of
lobulated appearance with enhancement following contrast
injection[4]. The role of cytogenetics in the diagnosis becomes
extremely important, particularly in view of hypercellular,
nonmyxoid and potentially solid variants of EMC[15-18]. The
biopsy of the tumor after fine needle aspiration (FNA) has
not yet been proved of significance in diagnosis[21].
The treatment of EMC is problematic because it has
the propensity to recur locally and most cases do not respond
well to chemotherapy[22] and radiation. Complete surgical
excision, when feasible, remains the primary treatment
modality for EMC, with radiation therapy and chemotherapy
reserved for unique cases[4]. Specific surgical modifications
could decrease the postoperative complications.
It seems that certain clinical features such as tumor’s
size, its location (proximal of the extremities), patient’s age
and the presence of metastases are significant adverse
prognostic factors of survival, although not clearly defined[4].
The estimation of 5-, 10- and 15-year survival rates of
EMC is accounted up to 90%, 70% and 60%, respectively[4].
There are two references in the literature describing
pancreatic metastases, but the histopathologic character of
the chondrosarcoma is not clearly defined.
Concluding, the case of EMC, mentioned above, is, as
far as we know, the first one described developing a certain
pancreatic metastasis.
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Abstract
We report two cases of extrahepatic portal vein aneurysm,
and both of them underwent surgical intervention. The
first case had a mild pain in right upper quadrant of the
abdomen; the second had no obvious symptoms. Physical
examination revealed nothing abnormal. Both of them were
diagnosed by magnetic resonance imaging angiography
(MRA). One of the aneurysms was located at the main
portal vein, the other, at the confluence of the superior
mesenteric vein and the splenic vein, and these two places
are exactly the most common locations of the extrahepatic
portal vein aneurysm reported in the literature (30.7%
each site). The first case underwent aneurysmorrhaphy
and the second case, aneurysm resection with splenectomy. Both of them recovered soon after the operation,
and the symptom of the first case was greatly alleviated.
During the follow-up of half a year, no complication and
adverse effect of surgical intervention was found and the
color Doppler ultrasonography revealed no recurrence of
the aneurysmal dilation. We suggest that surgical intervention can alleviate the symptom of the extrahepatic portal
vein aneurysm and prevent its complications effectively
and safely for low risk patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Extrahepatic portal vein aneurysm is a rare clinical entity
that can be caused by hepatic disease with portal hypert-

ension or by the malformation of vein[1], and there are no
more than 50 cases reported in the literature. The first entity
was reported by Barzilai and Klekner in 1956[2]. It can happen
at any age and with no sexual preference. In most cases it was
asymptomatic, so it is not easy to be discovered. It is defined
as a focal dilatation of the portal venous system that presents
a fusiform or saccular configuration[3-6]. Ultrasonographic
studies have been conducted to evaluate the normal dimensions of the portal vein but considerable variations of the
mean portal vein diameter have been reported[7-9]. Douts
and Pearce[10] reported the maximal diameter of the portal
vein as approaching 19 mm. So a diameter greater than
20 mm is therefore regarded as diagnostic standard of
extrahepatic aneurysm[3]. The two most common locations
are the main portal vein and the confluence of the superior
mesenteric vein and the splenic vein[11]. In this paper, two
cases of extrahepatic portal vein aneurysm and their surgical
treatment are presented. One is an aneurysm locating at
the truncus of the portal vein; the other is a splenic vein aneurysm at the confluence of the superior mesenteric vein
and the splenic vein.

CASE REPORT
Case 1
A 45-year-old woman presented with intermittent right upper
quadrant pain that had lasted for 6 mo. Physical examination revealed nothing abnormal. She had a history of
hypertension for 10 years. Laboratory analysis was within
normal limits except fasting blood glucose, which was
11.8 mmol/L. The magnetic resonance imaging angiography (MRA) revealed an aneurysmal dilation at the truncus
of the portal vein, measuring 3.0 cm×3.8 cm in diameter,
and the distance between the body of the aneurysm and
the bifurcation of the portal vein was 0.8 cm (Figure 1A).
To prevent the complications of the aneurysm and relieve
the abdominal pain, an operation was performed. During
the operation, we carefully separated the aneurysm which
was located at the truncus of the portal vein from the hepatoduodenal ligament. The diameter of the aneurysm was about
3 cm×4 cm (Figure 1B). The common hepatic artery and
the common bile duct were compressed, but the dimension
of the duct above the aneurysm had not increased. No abnormality of the liver and spleen was found. After both
sides of the aneurysm were blocked with elastic band, we
used a Satinsky claw to divide the body of the aneurysm into
two parts and resected the redundant part. The remaining
wall of portal vein was sutured, so its diameter had a marked
reduction (Figure 1C). In the end, we relaxed the elastic
band, and made sure of no hemorrhage of the portal vein.
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Figure 1 A: MRA revealed a fusiform dilation of the portal vein, measuring 3.0 cm×3.8 cm in diameter. B: During the operation, the aneurysm
was exposed. C: After the aneurysm was resected, the dimension of the portal vein was greatly reduced.

Pathological examination diagnosed the specimen of the
aneurysm as congenital amyoplasia. After the operation,
anticoagulant was administered for a week. The patient
recovered soon and the symptom was greatly alleviated.
During half a year’s follow-up with Doppler ultrasonography, no stricture and dilation of portal vein was detected,
and there was no sign of thrombosis. The symptom has
not recurred.
Case 2
A 34-year-old woman without clinical manifestation was
detected of an aneurysmal dilatation of portal vein in a
routine physical examination by the abdominal Doppler
ultrasonography. Physical examination and the laboratory
analysis including liver-associated enzymes were unremarkable. She suffered from schistosomiasis 20 years ago.
MRA revealed an aneurysmal dilation at the confluence of
the superior mesenteric vein and the splenic vein. The maximal diameter of the aneurysmal dilation was 4 cm approximately. No other abnormality was revealed (Figure 2 A).
A surgical intervention was performed to prevent the complications of the aneurysm. On celiotomy, the aneurysm which
measured about 3 cm×4 cm was found situated at the confluence of the splenic vein and the superior mesenteric vein.
It had a pedicle connected to the distal extremity of the
splenic vein (Figure 2B). There was no obvious abnormality
of the liver and spleen. We resected the spleen at first, then
separated the pedicle of the aneurysm and ligated it with

A

B

silk thread. So the aneurysm could be resected without great
difficulty (Figure 2C). Pathologic diagnosis confirmed the
specimen to be a true aneurysm of the splenic vein. She
had no discomfort during a half year’s follow-up, and no
abnormality of the portal vein was observed by the Doppler
ultrasonography.

DISCUSSION
The portal vein is a unique vessel because of the presence
of capillaries on both ends of the system and the absence of
valves. The etiology is considered to be congenital; secondary to portal hypertension, chronic hepatic disease or
associated with abnormal weakness of the vein wall[5]. And
there were some other rare causes reported: Yang et al[12] ,
reported a portal vein aneurysm caused by gastric adenocarcinoma invading the portal venous system. Tolgonay
et al [13], reported a case of a splenic vein aneurysm that
appeared and regressed in parallel with splenic size during
the course of a systemic infection in a patient with leukemia.
In this case, the portal blood flow which is associated with
most forms of inflammatory diseases was considered to be
related to the cause of portal vein aneurysm. Though various
causes were discussed in the literature, the etiology still
remains controversial, and the cause in majority of cases is
difficult to determine. Expanded use of noninvasive medical
imaging techniques has increased the number of patients
with portal vein aneurysm but without portal hypertension

C

Figure 2 A: MRA revealed an aneurysmal dilation at the confluence of the splenic vein and the superior mesenteric vein. The maximal
diameter of the aneurysm was 4 cm approximately. B: The aneurysm which measured about 3.0 cm×4.0 cm was exposed. C: The splenic
aneurysm was resected.
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or chronic liver disease. Portal hypertension was reported
in 10 of 12 cases (83%) before 1985 in the literature but in
only 2 of 11 cases (18%) after 1985. Chronic liver disease
was reported in 9 of 12 cases (75%) before 1985 but in
only 2 of 11 cases (18%) after 1985. These data suggest
that neither the relationship between portal aneurysm and
portal hypertension nor the relationship between portal
aneurysm and chronic hepatic disease[2] is as strong as
previously understood. The affirmative etiology still needs
to be investigated for a long time with analyses of more
entities. Neither of our patients had history or clinical evidence of underlying liver disease, portal hypertension, or
other disease states that would predispose them to the development of aneurysms. Though one of the cases had a history
of schistosomiasis, but during the operation no abnormality
of the liver and no signs of portal hypertension were found.
Though most of the patients with portal vein aneurysm
were asymptomatic or presented with mild abdominal
pain[2,11,14,15], some patients presented with jaundice and
gastrointestinal bleeding[6,16-19]. Complications of portal vein
aneurysm include thrombosis, aneurysmal rupture, complete
occlusion of the portal vein, portal-systemic shunt and pressure effects on adjacent viscera. Large extrahepatic portal
vein aneurysms can cause obstruction of the common bile
duct and duodenum. Patients may present with recurrent
abdominal pain and obstructive jaundice. Acute thrombosis
of the portal vein aneurysm can result in severe lifethreatening portal hypertension[5,11,20-22] . One of our two
patients had compression symptoms, the other was free
from any discomfort, and neither of them had jaundice
and gastrointestinal symptoms.
The two cases were both discovered by color Doppler
ultrasonography, and then confirmed by MRA (Figures 1A
and 2A). Portal vein aneurysm can easily and confidently
be established by color Doppler ultrasonography, and it is
not very expensive. So color Doppler ultrasonography can
be used in follow-up of most of the patients. Computerized
tomography angiography, MRA can also determine the
location and its relation of the adjacent organs. It is most
important that they play a potential role in determining the
surgical or therapeutic approach because they can supply
adequate information for the surgeons. All of them are
non-invasive methods. Angiography is mandatory only in
determining surgical approach or when a portacaval fistula
is present[3].
In the past two decades no mortalities of portal vein
aneurysm have been reported. Most of the patients keep
well with the aneurysm remaining stable in size during
follow-up[4,15,23-25]. It is received mostly that for asymptomatic patients without evidence of portal hypertension or
cirrhosis, conservative management with regular followup is advisable[6,11]. But not everyone agreed with this opinion,
the more current surgery literature notes that prophylactic
surgery for these aneurysms is cautiously recommended
for low-risk patients[26]. We think surgical intervention should
be considered once symptoms arise or the aneurysm expands,
indicating an increased risk of thrombosis or rupture. In
the literature, seven patients underwent surgical interventions
for their extrahepatic portal vein aneurysms[4,5,17,27].
Both the patients underwent surgical intervention. For
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the main portal vein aneurysm, an aneurysmorrhaphy
operation was performed. The splenic vein aneurysm was
resected after splenectomy. The aim of surgical intervention
is to relieve the compression symptoms of the aneurysm
and prevent the occurrence of the complications. As for
the aneurysms located at the main portal vein, the methods
of surgical intervention included aneurysmorrhaphy, mesocaval shunt and portacaval shunt. All were documented as
having good clinical outcomes during the early postoperative
period[28]. For patients with portal hypertension, a portalsystemic shunt operation is recommended. It avoids dissection or mobilization of the aneurysm, which may be injurious and will bring great difficulty to the operation[17] . A
shunting procedure helps to reduce the portal venous pressure, which may prevent the progressive dilatation of the
portal vein aneurysm [27]. For patients without portal
hypertension, aneurysmorrhaphy is advocated as it can
preserve the portal blood flow without the complications
of portal-systemic shunting, such as encephalopathy. And
laminar flow in the portal vein is restored, so stasis of portal
blood flow which tends to result in thrombosis can be
avoided. Risk of rupture is also reduced as the lateral wall
tension is diminished by reduction of the radius after
aneurysmorrhaphy[28]. The surgical treatment of splenic vein
aneurysm includes aneurysm resection with splenectomy,
splenorenal shunt, and distal pancreatectomy[29,30] , all of
which can procure good results.
For patients with greatly impaired hepatic function or
those intolerant to shunting or devascularization surgery, nonsurgical and less invasive treatments could be considered.
Some held the opinion that the increased blood flow in
portal hypertension come mainly from the splenic vein. So
partial splenic embolization can decrease the blood flow
and pressure of the main portal vein, equivalent to the
conjoint effects of splenectomy and devascularization[31].
Before operation, somatostatin can be used in the
patients with high portal hypertension for it can effectively
lower the portal venous pressure with little side effect.
Antico-agulant should be used during the postoperative
period to avoid thrombosis.
After careful evaluation of our two patients, surgical
interventions were performed successfully and they both
experienced an uncomplicated postoperative course. No
recurrence of aneurysm was discovered by color Doppler
ultrasonography in half a year’s follow-up. We suggest that
the surgical intervention can relieve the symptoms and prevent the occurrence of the complications effectively and
safely for low risk patients. And it should be greatly emphasized that the management should be on a case-by-case basis,
depending on the size and anatomy of the aneurysm, as well
as the symptoms and clinical condition of the patient[28].
In summary, extrahepatic portal vein aneurysm is a rare condition, which will be increasingly recognized in the practise
of vascular surgery.
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27
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29
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35
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44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
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10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
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Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
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2h
2h
h
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0,1,2 yr
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500 g/L
1 mol/L
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13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
The terminology used to describe esophagectomy for
carcinoma can be confusing, even for specialists in
gastrointestinal disease. As a result, specific terms are
often used out of their intended context. To simplify the
nomenclature, two points regarding procedures for
surgical resection of the esophagus are critical: the extent
of resection (radical vs standard) and the operative
approach (choice of incisions). It is important to understand
that the radicality of the resection may have little to do
with the operative approach, with the exception of
esophagectomy without thoracotomy (transhiatal
esophagectomy), which mandates the performance of a
standard or non-radical resection. Esophagectomy has
emerged as the standard curative treatment option for
patients with esophageal carcinoma; however, unlike the
surgical resection of other types of solid tumors, many
different surgical options and/or approaches exist for these
patients. This heterogeneity of care may result from the
fact that the esophagus is accessible through more than
one body cavity (left hemithorax, right hemithorax, abdomen).
In addition, and partially as a result of its accessibility,
different types of surgical specialists harbor this operation
in their armamentarium, including general surgeons,
thoracic surgeons, and surgical oncologists. Despite this
enthusiasm amongst surgeons, little consensus exists as
to which option is most oncologically sound. Further, the
details of the various surgical approaches and procedures
for resection of the esophagus are often difficult to
comprehend, even for specialists in gastrointestinal
disease, with much of the relevant terminology used out
of its intended context. To facilitate the understanding of
the surgical options for esophageal carcinoma, it is useful
to view the operation from two angles: the extent of
resection (Aradical@ vs Astandard@) and the operative
approach (choice of incisions).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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STANDARD VS RADICAL RESECTION
Esophagectomy for carcinoma can be viewed as being
comprised of two components: resection of the esophagus
itself and resection of the enveloping lymphatics. Controversy
exists regarding how radical, or extensive these two
components should be. Standard resection of the esophagus
involves simple extirpation of the organ, leaving behind
adjacent peritumoral tissues and organs. However, unlike
the intra-abdominal gastrointestinal tract, the esophagus is
not separated from the surrounding mediastinal organs and
fat by a serosal covering, suggesting that simply removing
the organ itself may leave behind microscopic tumor in the
surrounding tissues, particularly with deeply penetrating
lesions. Surgeons performing radical, or en bloc esophagectomy,
as initially described by Skinner[1], attempt to address this
issue by removing all peritumoral tissues in addition to the
esophagus. For the intrathoracic esophagus, this includes all
posterior mediastinal fat and lymphatics, the thoracic duct,
as well as the posterior pericardium and bilateral parietal
pleurae: a Aposterior mediastinectomy@. For a tumor at
the gastroesophageal junction, a cuff of normal diaphragm
is removed surrounding the tumor. In both cases the goal is to
never actually for visualizing the tumor in the gross specimen.
The extent of lymphadenectomy performed during
esophagectomy is also highly variable, ranging from minimal
to radical. With regard to the esophageal lymphatics, three
distinct lymphatic regions, or fields, have been described[2].
The abdominal field represents the lymph node areas below
the diaphragm, from the crura to the celiac axis. The mediastinal
field generally refers to the lower aspect of the mediastinum,
from the carina down to the diaphragm. Strictly speaking, the
cervical field encompasses the deep lateral nodes accompanying
the accessory nerve, the deep external nodes lateral to the
carotid sheath, which includes the scalene, or supraclavicular
nodes, and the deep internal nodes, which accompany the
recurrent laryngeal nerves down into the chest. Of the three
cervical areas, however, it is this latter group that has received
the greatest attention due to the relatively high frequency of
metastases encountered in this area, reported to be as high
as 35% in patients with tumors of the tubular esophagus[3].
A Aradical@ esophagectomy, therefore, refers to a procedure
by which the esophagus and its enveloping tissues are
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removed as a single specimen (en bloc), combined with either
two-field (abdominal and mediastinal) or three-field
(abdominal, mediastinal, cervical) lymphadenectomy.

OPERAT IVE APPROACH
While terms such as Aradical@ and Astandard@ describe
the extent of resection and lymphadenectomy, a separate
set of terms describe the operative approach and the choice
of incisions used by the surgeon to perform the procedure.
These operative approaches can be simply viewed as either
transthoracic (involving a thoracotomy) or transhiatal (not
involving a thoracotomy). A standard esophagectomy can
technically be performed using either of these operative
approaches; however, a radical operation mandates the
transthoracic approach to directly access the posterior
mediastinum. The transhiatal esophagectomy, popularized
in the recent past by Orringer[4], involves a laparotomy for
mobilization of the gastric replacement conduit, dissection
of the thoracic esophagus through the diaphragmatic hiatus,
and a cervical esophagogastrostomy through a cervical
incision. Transthoracic approaches include: (1) The combination
of a laparotomy and a right thoracotomy with an intrathoracic
esophagogastrostomy (Ivor Lewis esophagectomy[5]). (2) A
right thoracotomy, laparotomy and neck incision with a
cervical anastomosis (McKeown esophagectomy[6]). This
technique is sometimes incorrectly confused with the threefield lymphadenectomy by virtue of its three incisions. While
it is correct that three incisions may be popular for performing
a radical esophagectomy with a three-field lymphadenectomy,
many surgeons perform a standard esophagectomy using
this operative approach as well. (3) Left thoracic approaches
may involve thoracotomy alone, with the abdominal portion
of the procedure performed through the diaphragm, or
thoracoabdominal incisions where the costal margin is
divided to facilitate access to the abdomen. For these left
thoracic approaches, the anastomosis between the remaining
esophagus and the replacement conduit may be placed either
in the superior mediastinum or in the neck through a
cervical incision.
ONCOLOGIC CONSIDERATIONS
Although it is generally agreed that the accuracy of staging
is enhanced by a radical procedure, debate currently exists
regarding whether or not any oncologic benefits are provided
over standard esophagectomy. While cure rates in the range
of 10-15% are consistently seen after standard esophagectomy
alone for stage III esophageal carcinoma[4,7,8], multiple series
now demonstrate long-term survival figures of 25-45%
after radical procedures for similarly staged disease[9,10] .
Despite these data, the answer to this controversy should
ideally come from prospective, randomized trials, since the
phenomenon of stage migration may occur in comparison
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with non-randomized series of patients. In this regard, the
only published phase III trial till this date compared transhiatal
resection with a radical, transthoracic esophagectomy and
two-field lymphadenectomy for patients with adenocarcinoma
of the esophagus [11]. The overall 5-year survival with the
radical approach was 39%, compared with 29% for the
patients undergoing the transhiatal, standard resection.
Although not statistically significant, this trial was powered
to detect a survival increase of 50%. However, many
esophageal cancer specialists would consider less of an
increase in survival to be clinically relevant.

SUMMARY
The terminology concerning surgical resection for esophageal
carcinoma tends to be somewhat confusing and is often
used out of its proper context. The extent of resection and
lymphadenectomy is best described as either Aradical@ or
Astandard@, and with the exception of the transhiatal
esophagectomy has little to do with the operative approach,
which mainly refers to the surgeons=choice of incisions.
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Abstract
AIM: To explore the expression of Sp1 in gastric carcinoma
as well as its association with other clinicopathologic
features, and to evaluate the role of Sp1 as a prognostic
indicator of gastric carcinoma.
METHODS: By using immunohistochemistry, we examined
the Sp1 expression patterns in 65 cases of human
gastric cancer, and 40 normal gastric mucosa specimens.
Simultaneously, the correlation between Sp1 expression
and clinical outcome or clinicopathologic features was
investigated.
RESULTS: The percentage of Sp1 expression was 12.5%
(5/40) in normal gastric mucosa, and the Sp1 protein was
mainly expressed in the nuclei of cells located in the
mucous neck region. In sharp contrast, strong Sp1
expression was detected in tumor cells, whereas no or
faint Sp1 staining was detected in stromal cells and normal
glandular cells surrounding the tumors. The expression
rate of Sp1 in gastric cancer lesions was 53.85% (35/65).
The medium survival duration in patients who had a tumor
with negative, weak and strong Sp1 expressions was
1 700, 1 560 and 1 026 d, respectively (P<0.05). Sp1
protein expression was closely related to the depth of
tumor infiltration (2 = 13.223, P<0.01) and TNM stage
(2 = 11.009, P <0.05), but had no relationship with
the number of lymph nodes and Lauren’s classification
(P>0.05). Cox regression model for multivariate analysis
revealed that high Sp1 expression (P<0.05) and advanced
stage (P <0.01) were independent predictors of poor
survival.
CONCLUSION: Normal and malignant gastric tissues have
unique Sp1 expression patterns. Sp1 might serve as an
independent prognostic factor, by influencing the tumor

infiltration and progression.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinoma is currently one of the leading causes
of cancer-related death in mainland of China. Despite
improvement in early diagnosis, surgical technique and
chemotherapy, the majority of gastric cancer patients die
of the physiological effects of local recurrence and/or
distant metastasis [1]. The overall 5-year survival rate is
30-40%. Studies over the past half century have tried
to explore the mechanism of tumor metastasis on the
histopathologic, cytologic and molecular biology [2-4].
Although a few critical factors such as TNM stage have
been indicated to be prognostic parameters, the precise
molecular parameters to predict the risk of metastasis and
evaluate the outcome of gastric cancer patients remain to
be defined[5,6].
The aggressive nature of gastric cancer is related to various
abnormalities in oncogenes, tumor suppressor genes, growth
factors and their receptors, which in turn confer growth
advantages to gastric cancer cells. Increasing evidence
suggests that such molecular changes are regulated by a
plethora of external and internal factors[7,8]. Sp1 is a wellcharacterized, sequence-specific, DNA-binding protein that
is important in the transcription of many cellular and viral
genes containing GC boxes in their promoters[9]. Previous
studies have shown that abnormal Sp1 activation might
augment the growth and metastatic potential of tumor cells
through over-expression of many Sp1 downstream genes.
The role of Sp1 as an essential transcription factor for many
genes regulating cell growth, angiogenesis and survival has
been proved in pancreatic cancer[10,11]. Yet, the expression
of Sp1 and its impact on the outcome of gastric cancer
patients are still unknown.
In the present study, we examined Sp1 expression in
human gastric cancer by using immunohistochemistry, and
studied its relationship with the length of survival and
clinicopathologic features.
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MATERIALS AND METHODS
Patients and specimens
Sixty-five patients (45 men and 20 women, medium age
65 years) with gastric cancer undergoing radical gastrectomy
(D2 or D3) in the Department of Surgery, Rui Jin Hospital,
from March 1997 to September 2001, were enrolled in
this study. The eligibility criteria were histologically proven
gastric adenocarcinoma, no hematogenous metastatic lesions,
no previous systemic chemotherapy before operation, with
well-documented clinical histories and follow-up information.
Distant peritoneal metastatic foci, fixed lymph nodes with a
positive frozen biopsy in nodes around the middle coliac
artery and/or para-aortic nodes, or involvement of the rectal
shelf were considered as distant metastases and were excluded
from the study.
All of the patients were observed and followed up in
the same institute. At the end of March 2004, 42 patients
were still alive, whereas 23 patients died of tumor recurrence
and/or distant metastasis. Patients who were killed in accidents,
or died of surgical-related postoperative complications as well
as other cancers were excluded. All of the resected primary
tumors and regional lymph nodes were histopathologically
evaluated by hematoxylin and eosin staining according to
the 5th UICC TNM classification published in 1997[12]. Forty
normal gastric tissue specimens obtained from patients who
underwent partial gastrectomy for benign gastric diseases
were also collected in this study.
Immunohistochemistry
Formalin-fixed gastric cancer specimens were embedded in
paraffin, and 4-m thick sections were obtained. These
sections were mounted on salinized glass slides and heated at
60 ℃ for 30 min. After deparaffinization in xylene, the
sections were rehydrated in graded alcohol, and washed in
water. Endogenous peroxidase activity was blocked by
incubation with 3% hydrogen peroxide in methanol for
30 min at room temperature. Antigen retrieval was
accomplished by 1 mmol/L EDTA solution. After being
washed with phosphate-buffered saline (PBS) and exposed
to 10% normal goat serum for 10 min to reduce non-specific
binding, the slides were incubated for 12 h with rabbit
monoclonal antibody against Sp1 (Santa Cruz Biotechnology,
Inc., USA, Code No.: SC-59), which was diluted at 1:200 in
PBS. Primary antibodies were visualized with an Envision
system (DAKO, Denmark, Code No.: K4003). After further
being washed with PBS, slides were incubated with substrate
diaminobenzidine and hydrogen peroxide for 10 min. Finally,
sections were counterstained with hematoxylin[13].
The specificity of Sp1 staining was confirmed using
parallel negative control sections, which were processed
immunohistochemically after the primary antibody was
replaced with PBS, and positive control sections from a
colonic adenocarcinoma previously were shown to express
high levels of Sp1 by immunohistochemistry. Simultaneously,
the samples from normal gastric mucosa were also stained
according to the procedures described above.
Evaluation of immunohistochemical staining
In each specimen, immunoreactivity was examined under
light microscopy and scored independently by two assessors
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who were blinded to patient outcomes. A positive reaction
was indicated by reddish-brown precipitates in the nuclei.
Only nuclear staining was considered as positive reaction.
In scoring the sections, an assessment of the proportion of
cell staining and the staining intensity was made. Specifically,
the percentage of positive cells was divided into five grades
(percentage scores): <10% (0), 10-25% (1), 25-50% (2),
50-75% (3) and >75% (4). The intensity of staining was
divided into four grades (intensity scores): no staining (0),
weak staining (1), moderate staining (2) and strong staining
(3). Sp1 staining positivity was determined by the following
formula: overall score = percentage score×intensity score.
The overall score ≤3 was defined as negative, 3-6 as weak
positive, and >6 as strong positive[14,15]. The concordance
between the blinded reviewers was 93.3% (98/105). In the
seven cases of discordance, a final evaluation was determined
by consensus after reexamination.
Patient observation and follow-up
Postoperatively, the patients received chemotherapy with
LV/FP (5-FU+LV+CDDP) or FM (5-FU+LV+MMC)
regimen for at least 6 mo during the period of follow-up[15].
The selection of chemotherapeutic regimen was based on
the histologic type and cancer stage, individually. The patients
were reevaluated regularly with a physical examination and
biochemical laboratory studies. Image diagnostic assessment,
including computed tomography and/or ultrasonography
was carried out every 6 mo.
All the enrolled patients had well-documented clinical
histories and follow-up information. The epidemiological
information including the age, gender and clinicopathological
data including tumor type, TNM stage as well as Lauren’s
classification were registered. For dead patients, the precise
date and cause of death were recorded[16] .
Duration of survival was defined as the time from the
date of operation to the time of death. Patients who were
still alive would be censored until March 31, 2004. The
average follow-up period for the 65 patients was 1 472 d
for all patients and 1 787 d for patients alive in March
2004 (range 619-2 478 d). The overall survival rate was
64.6% (42/65).
Statistical analysis
Two-tailed 2 test was performed to determine the
significance of the difference between Sp1 positivity and
other variables. Survival curve was calculated with the
Kaplan-Meier method. Log-rank test was used to assess the
statistical differences in survival. For multivariate analysis,
the Cox regression model was used. In all of the tests,
probability values from two-tailed test less than 0.05 were
considered statistically significant. SPSS 11.0 statistic
software for Windows was used for analyses.

RESULTS
Sp1 expression in human gastric cancer tissues
Expression of Sp1 in human gastric cancer tissues and its
localization patterns were evaluated immunohistochemically.
Moderate to strong Sp1 staining was seen in the nuclei of
tumor cells of various types of gastric cancer, whereas no or
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weak Sp1 staining was detected in stromal cells and normal
glandular cells surrounding the tumor lesions (Figure 1A).
Of the 65 patients, 35 (53.85%) had Sp1 nuclear staining,
while 30 (46.15%) were negative.
According to the overall Sp1 staining score based on
percentage and intensity, the weak and strong staining gastric
cancer cases accounted for 13.85% (9/65) and 37.68%
(26/65), respectively. In the 13 cases of early gastric cancer,
the percentage of Sp1 expression was 15.38% (2/13), and
most of them were weak staining.
Sp1 expression in normal human gastric tissues
In most of the normal gastric mucosae, no or faint nuclear
staining of Sp1 was shown. Positive staining was predominantly
observed in the nuclei of cells localized in the mucous neck
region. There was no Sp1 protein expression in the cells of
the glandular epithelial cells or cells located towards the
gastric pit (foveolar) (Figure 1B). The overall percentage
of Sp1 expression was only 12.5% (5/40) in normal human
gastric mucosa.

A

B
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19 well-differentiated gastric cancer tissues (including
papillary adenocarcinoma, tubular adenocarcinoma and
moderately differentiated adenocarcinoma) and 22 of 46
poorly differentiated gastric cancer tissues (including poorly
differentiated adenocarcinoma, signet ring cell carcinoma
and mucous adenocarcinoma) were positive. There was no
relationship between Sp1 expression and histopathologic
differentiation.
Table 1 Sp1 expression in human gastric cancer tissues and
its relationship with clinicopathologic features
Clinicopathological
parameters
Age (yr)
≥60
<60
Gender
Male
Female
Location
Upper third
Middle third
Lower third
Histopathologic type
Well differentiated
Poorly differentiated
Depth of infiltration
T1–2
T3–4
LN metastasis
No
≤6
>6
TNM stage
I
II, III
IV
Lauren’s classification
Intestinal type
Diffuse type

Sp1
negative
n = 30

Sp1
weak
n=9

Sp1
strong 2
n = 26

15
15

3
6

19
7

5.396

0.067

18
12

6
3

21
5

2.583

0.240

6
3
21

2
2
5

9
6
11

4.660

0.324

6
24

4
5

9
17

2.607

0.272

19
11

4
5

4
22

13.223

0.001

19
6
5

5
2
2

9
10
7

4.819

0.306

16
10
4

3
4
2

3
17
6

11.009

0.026

9
21

4
5

10
16

0.811

0.667

P

Sp1 protein expression and survival in gastric cancer patients
The median survival duration in patients who had a tumor
with negative, weak and strong Sp1 expressions was 1 700,
1 560 and 1 026 d, respectively. The elevated Sp1 expression
was associated with a poor tumor prognosis (P<0.05,
Figure 2).
Figure 1 Sp1 protein expression and its localization in human gastric cancer tissue
(A) and in normal human gastric tissue (B), IHC staining ×400 (A), ×200 (B).
GROUP

Relationship between Sp1 expression and clinicopathologic
features
The relationship between Sp1 expression and clinicopathologic
features is summarized in Table 1. Sp1 expression was more
frequently found in tumors with serosal invasion than in
those without serosal invasion (2 = 13.223, P<0.01). Sp1
expression was also closely related to advanced TNM stage
(2 = 11.009, P<0.05). However, no significant correlation
was found between Sp1 expression and age at surgery,
gender, tumor location, number of metastatic lymph nodes
and Lauren’s classification (P>0.05).
Sp1 immunohistochemical staining revealed that 13 of

Cum survival

1.0

Sp1 negative

0.9

Weak positive

0.8

Strong positive

0.7
0.6
0.5
0.4
0.3
0

400 800 1 200 1 600 2 000 2 400 2 800

Time (d)
Figure 2 Correlation of Sp1 expression with long-term survival in gastric
cancer patients.
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Sp1 expression, age at surgery, gender, histologic
differentiation, depth of infiltration, number of metastatic
lymph nodes, TNM stage and Lauren’s classification were
entered into a Cox regression model for multivariate
analysis. High Sp1 expression (P<0.05) and advanced stage
(P<0.01) were independent predictors of poor survival.
Age at surgery, gender, histologic differentiation, depth of
infiltration, number of metastatic lymph nodes and Lauren’s
classification did not have a statistically significant effect on
survival in multivariate analysis.

DISCUSSION
Metastasis is the most devastating aspect of gastric cancer.
In fact, at the time of diagnosis, patients usually had locally
advanced diseases or metastasis involving the lymph nodes,
liver or peritoneum[17]. Understanding the critical determinants
of cancer, metastasis is helpful in designing potential preventive
and therapeutic strategies. Studies over the past several
decades have indicated that the process of cancer metastasis
consists of a series of conceptual and sequential steps[18] .
Malignant neoplasm consists of multiple cell populations
that exhibit a wide range of biologic characteristics, including
antigenicity, chemosensitivity, growth rate, karyotype as well
as metastatic potential[19,20]. The development of multiple
growth signaling pathways could render tumor cells a
tremendous growth advantage[2,19,20]. A number of molecular
events are being recognized to play a part in metastatic
process.
Sp1 is a sequence-specific DNA-binding protein, which
is important in the transcription of many cellular and viral
genes that contain GC elements within the proximal region
of their promoter[21]. Recently, additional transcription
factors such as Sp2, Sp3 and Sp4, which are similar to Sp1
in their structures and transcriptional properties, have been
cloned[22,23]. Sp1 is essential for many genes that regulate the
cell survival, growth and angiogenesis. Earlier studies have
established that Sp1 protein can regulate many tumor-related
genes, including FGFR1, insulin-like growth factor receptor1,
insulin-like growth factor-binding protein 2, VEGF and
thymidine kinase[24,25] . The relevance of these factors to
tumor growth and metastasis has been evaluated. Abnormal
Sp1 protein activation and expression might up-regulate the
production of these genes, thus creating a microenvironment,
which favors tumor cell growth, metastasis and angiogenesis.
Sp1 signaling pathway may contribute to tumor development
and progression.
It was reported that Sp1 involved apoptosis by altering
the expression and function of multiple apoptosis-related
proteins, including Bcl-2 and Bax[26].
The mechanism underlying in different levels of Sp1 is
currently unknown. Investigations indicated that Sp1
expression was influenced by many stimuli, and varied in
different tumor origins. Kumar and Butler[27] revealed that
the DNA-binding activity of Sp1 was significantly higher in
human epithelium-derived cancer than in human skin
papilloma. A recent study showed that Sp1 activity could
be modulated by stress factors such as hypoxia, acidosis
and over-expression of free radicals, thus activating the
p42/p42 mitogen-activated protein kinase and c-JunNH2terminal kinase-related signal pathways[28]. It may also involve
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many other cellular factors, including the functional status
of oncogenes and tumor suppressor genes.
In agreement with a previous study, we did not find
strong expression of Sp1 in nuclei of normal gastric mucosa
cells. The normal gastric mucosa not displayed or little
staining for Sp1, and the positive cells were located in the
mucous neck region in normal gastric mucosa, suggesting
that Sp1 is mainly expressed in dividing cells, and not in
differentiated cells. In contrast, our results showed that
expression of Sp1 was a prominent feature of advanced
gastric cancer, regardless of its histologic type. In the
present study, we identified nuclear expression of Sp1 in
63.46% (33/52) of advanced gastric carcinoma cases, and
15.38% (2/13) of early gastric cancer cases. Shi et al [29],
studied the relationship between constitutive Sp1 activity
and constitutive expression of VEGF in human pancreatic
adenocarcinomas, and found that the level of Sp1 activity
was directly correlated with the VEGF promoter activity,
the steady-state level of mRNA, and VEGF secretion. These
results suggested that altered expression of Sp1 in human
pancreatic cancer might lead to the over-expression of
multiple Sp1 downstream genes, which in turn could enhance
the tumor angiogenesis and contribute to the aggressive
biology of human gastric cancer. In the present study, we
also found that the expression of Sp1 protein was correlated
with increasing gastric cancer stage and depth of invasion.
There was no significant difference in Sp1 expression
between tumors with more or less lymph node metastasis.
These data suggest that Sp1 might contribute to the progression
and dissemination of human gastric caner via other pathways
except lymph node metastasis. Sp1 expression was inversely
correlated with patient long-term survival, suggesting that
Sp1 could serve as an independent and sensitive prognostic
marker for gastric cancer.
In summary, Sp1 is aberrantly over-expressed in gastric
adenocarcinoma. Sp1 expression is closely related to the
advanced stage, depth of tumor infiltration as well as poor
outcome of the patients. A further understanding of the
molecular basis of Sp1 will have functional implications in
suppressing gastric cancer progression and ultimately lead
to the design of new therapeutic strategies. On the basis of
this study, we propose that increasing Sp1 expression may
augment the metastatic potential of tumor cells, and may
be a reliable tumor progression marker and/or effective
therapeutic target for gastric cancer.
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GCs. The rate of positive P16 protein with negative Rb
protein was 33% (30/90). The rate of negative P16 protein
with positive Rb protein was 43% (39/90). There was
reverse correlation between P16 and Rb expression in 90
GCs (P<0.05).
CONCLUSION: The loss protein expression of p16 and
Rb genes is related to GC. The loss expression of P16
protein is related to the histopathologic subtypes and
lymph node metastasis of GC. Expression of P16 and Rb
proteins in GC is reversely correlated. The deletion but
not mutation in exon 2 of p16 gene may be involved in GC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To analyze the correlation between the protein
expression of p16 and Rb genes in gastric carcinoma (GC),
to investigate the role of p16 gene in invasion and lymph
node metastasis of GC, and to examine the deletion and
mutation in exon 2 of p16 gene in GC.

Key words: p16 gene; Gastric carcinoma

METHODS: The protein expression of p16 and Rb genes
was examined by streptavidin-peroxidase conjugated
method (S-P) in normal gastric mucosa, dysplastic gastric
mucosa and GC. The deletion and mutation of p16 gene
were examined by polymerase chain reaction (PCR) and
polymerase chain reaction single strand conformation
polymorphism (PCR-SSCP) respectively in normal gastric
mucosa and GC.

http://www.wjgnet.com/1007-9327/11/2218.asp

RESULTS: The positive rates of P16 and Rb protein
expression respectively were 96% (77/80) and 99%
(79/80) in normal gastric mucosa, 92% (45/50) and 80%
(40/50) in dysplastic gastric mucosa, 48% (58/122) and
60% (73/122) in GC. The positive rates of P16 and Rb
protein expression in GC were significantly lower than
that in normal gastric mucosa and dysplastic gastric
mucosa (P<0.05). The positive rate of P16 protein expression
in mucoid carcinoma (10%, 1/10) was significantly lower
than that in poorly differentiated carcinoma (51%, 21/41),
undifferentiated carcinoma (58%, 15/26) and signet ring
cell carcinoma (62%, 10/16) (P<0.05). The positive rates
of P16 protein in 30 cases of paired primary and lymph
node metastatic GC were 47% (14/30) and 17% (5/30)
respectively, being significantly lower in the later than in
the former (P<0.05). There was no mutation in exon 2 of
p16 gene in the 25 freshly resected primary GCs. But five
cases in the 25 freshly resected primary GCs displayed
deletion in exon 2 of p16 gene. The positive rate of both
P16 and Rb proteins was 16% (14/90), and the negative
rate of both P16 and Rb proteins was 8% (7/90) in 90

He XS, Rong YH, Su Q, Luo Q, He DM, Li YL, Chen Y. Expression
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11(15): 2218-2223

INTRODUCTION
It is now widely accepted that carcinogenesis and progression
of human Gastric carcinoma are related to the activation of
proto-oncogenes and/or the inactivation of anti-oncogenes,
and they are the results of genetic alteration accumulation.
The p16 and Rb genes are tumor suppressor genes and
participate in regulating the proliferation of normal cell
negatively[1,2]. There were abnormal expressions of P16 and
Rb proteins in a variety of cancer cell lines and primary
tumors, such as osteosarcoma cell lines, renal cancer cell
lines, lung cancer, brain tumor, esophageal cancer, breast
cancer, hepatocellular carcinoma[3] and leukemogenesis[4]. In
recent years, studies have revealed homozygous deletion and
mutation of p16 gene, predominantly in exon 2, in various
malignant tumors[5]. The frequency of p16 gene deletion
and mutation is up to 75% in all kinds of human neoplasm,
higher than that of the well-known p53 gene[1]. GC is one
of the most common malignant tumors in China[6]. As with
many other tumors, development of GC also involves
multiple genes and stages, including some oncogenes and
antioncogenes. However, till now, its carcinogenic molecular
mechanism is not well clarified. In this paper, S-P
immunohistochemical staining was used to detect the
expression of P16 and Rb proteins in GC, dysplastic gastric
mucosa and normal gastric mucosa. PCR and PCR-SSCP
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methods were used to detect deletion and mutation in exon
2 of p16 gene. We aimed at investigating the role of P16
protein in the carcinogenesis, progression, histologic types
as well as biological behaviors of GC, to find a new marker
for early diagnosis of GC, to discover the role of deletion
and mutation in exon 2 of p16 gene in the carcinogenesis
and progression of GC, and also to analyze the correlation
of P16 and Rb proteins expression in GC.

MATERIALS AND METHODS
Specimens and treatment
All specimens were confirmed by pathological examination.
Paraffin-embedded tissue specimens were collected from
the pathology department and freshly resected specimens
were collected from the surgery department of the First
Affiliated Hospital of Nanhua University, among which
there were 50 cases of dysplastic gastric mucosa, 80 cases of
normal gastric mucosa (including 25 freshly resected specimens
far away from cancer) and 122 GC (including 25 freshly
resected specimens). In the 122 cases of GC, 29 were welldifferentiated adenocarcinoma, 41 poorly-differentiated
adenocarcinoma, 26 undifferentiated carcinoma, 16 signet
ring cell carcinoma and 10 mucoid carcinoma. There were
81 men and 41 women, including 22 aged below 40 years,
69 aged from 41 to 59 years, and 31 older than 60 years
(range 15-79, mean 56 years). Superficial muscles were
invaded in 50 cases, deep muscles and the full layer in 72
cases. Sixty-nine cases had lymph node metastasis. The other
53 cases had no lymph node metastasis. Thirty cases of
primary cancer and lymph node metastatic cancer respectively,
were randomly selected and compared. According to
Borrmann’s classification[7], 15 GCs were type I, 43 type II
47 type III and 17 type IV. The 25 freshly resected specimens,
each containing cancer, cancer adjacent tissues and normal
mucosa far away from cancer, were cut into 2-4 blocks
under sterile conditions. Each block was 2-3 mm3 in size and
stored at -70 ℃ for PCR and PCR-SSCP analyses. The rest
of the tissues were fixed in 100 mL/L neutral formalin,
resected, dehydrated, cleaned and paraffin-embedded. All
paraffin-embedded tissues were cut into sequential slices at
5 m thickness and mounted on to the glass slides that had
been processed by poly-lys previously.
Reagents and instruments
Rabbit-anti-human P16 protein polyclonal antibody, rabbitanti-human Rb protein polyclonal antibody, streptavidinperoxidase immunozator kit (S-P kit), and DAB were all
purchased from Maxim Company, USA. Protease K (Merk,
USA), SmaI, agarose gel, propylene acrylamide, N-N-sulmethyl
bipropylene acrylamide, ammonium persulfate, xylene nitrile,
bromophenol blue were purchased from Shanghai Sangon
Company. PCR primers were synthesized by Shanghai
Sangon. Primer sequences in exon 2 of p16 gene: sense 5’TCT GAC CAT TCT GTT CTC TC-3’, antisense 5’-CTC
AGC TTT GGA AGC TCT CA-3’, were used for PCR
and PCR-SSCP. The fragment length of amplification was
384 bp. Primer sequences of -actin served as an internal
control for PCR: sense 5’-GCG GGG CGC CCC AGG CAC
CA-3’, antisense 5’-CTC CTT AAT GTC ACG CAC GAT
TTC-3’. The fragment length of amplification was 548 bp.
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Experimental instruments included ultra low refrigerator of
-70 ℃ (Japan), rotary sector (Germany), microscope (Japan),
type 480 DNA amplificatory (PE, USA), type 901 ultraviolet
spectrophotometer (PE, USA), type DYB vertical
electrophoresis and various kinds of centrifuges (Liuyi, Beijing).
Methods
S-P immunohistochemical staining According to the
specification of S-P kit: paraffin-embedded tissue slices were
deparaffinized and hydrated for 20 min, endogenous
peroxidase was blocked for 10 min, first antibody was added
(rabbit-anti-human P16 protein polyclonal antibody or rabbitanti-human Rb protein polyclonal antibody) for 8 h at 4 ℃,
bridge antibody was added for 15 min, enzyme labeled S-P
reagents were added for 10 min, and was colored with DAB
for 5 min, nucleolus was stained with hematoxylin for
3 min, dehydrated for 15 min, cleaned for 10 min, later
was covered and observed under a microscope.
Genomic DNA extraction[8] Frozen tissue of 0.5 g was
put into liquid nitrogen and powdered immediately, followed
by addition of 10× buffer (10 mmol/L Tris-HCl, pH 8.0,
0.1 mol/L EDTA, pH 8.0, 5 g/L SDS) in 37 ℃ water for
1 h. At the same time, protease K was added to the mixture
at a final concentration of 100 mg/L in 50 ℃ water for 3 h.
After the mixtures were dissolved completely, the mixtures
were reacted with 20 mg/L Rnase in 37 ℃ water for 1 h. It
was mixed with saturated phony and bugged slightly for
10 min, then centrifuged and supernatant was extracted,
and transferred to a cleaned plastic tube. The above processes
were repeated thrice. The supernatant was added with 1/10
volume 3 mol/L NaAc and 2-2.5 times cold ethyl, and
centrifuged. DNA was precipitated, ethyl removed. DNA
was washed by 700 mL/L ethyl and centrifuged thrice, dried,
resolved with TE and stored at -20 ℃ for use.
PCR amplification PCR was performed according to the
reference[8] in 50 L reaction mixture containing 0.1 g of
DNA template, 200 mol/L each of dCTP, dATP, dGTP,
dTTP, 0.25 mol/L primer, PCR buffer (10 mmol/L TrisHCl, pH 8.3, 1.5 mol/L MgCl2, 50 mmol/L KCl, 100 mg/L
gelatin). Then the reaction mixture was pre-denatured at 95 ℃
for 5 min and added with 1.5 L of Taq DNA polymerase
and 75 L of mineral oil. These samples were subjected to 30
amplification cycles, each consisting of denaturation at 95 ℃
for 1 min, primer annealing at 60 ℃ for 1 min, and extension
at 72 ℃ for 1 min. Finally, the samples were subjected to a
further extension at 72 ℃ for 5 min. A 5 L of PCR product
was electrophoresed on agarose gel (20 g/L), then observed
and photographed under ultraviolet light. No products of PCR
amplification suggested loss of homozygosis of p16 gene.
PCR-SSCP analysis[8] A 5 L of PCR product digested
by SmaI was mixed with 5 L of denatured dissolution
(950 mL/L for mamide, 20 mmol/L EDTA, 0.05%
bromophenol blue, 0.5 g/L xylene nitrile) and denatured at
95 ℃ for 5 min, and then cooled on ice. Solution processed
as above was added to the gel containing 80 g/L polypropylene
acrylamide, vertically electrophoresed at 100 V for 4 h.
The gel stained with silver was fixed in 100 mL/L alcohol
for 10 min, oxidized in 100 g/L nitric acid for 3 min, drip
washed for 1 min with double distilled water, stained in
12 mmol/L silver nitric acid for 20 min, again drip washed
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Table 1 P16 protein expression, p16 gene mutation and deletion in GC
Histologic types

Normal gastric mucosaa
Dysplastic gastric mucosaa
GC
a

P16 protein

n

80
50
122

–

+

++

+++

Positive
rate (%)

Mutation

Deletion

3
5
64

41
12
13

20
19
20

16
14
25

96
92
48

0/25
0/25
0/25

0/25
0/25
5/25

P<0.05 vs GC.

for 1 min with double distilled water, showed appropriately
colored in 0.028 moL anhydrous sodium carbonate and
0.19 mL/L formalin, reduction response was ended by
100 mL/L glacial acetic acid, drip washed with double
distilled water. The results were analyzed and photographed.
The abnormal traces found in PCR-SSCP were considered
gene mutation.
Immunohistochemical determination The brown-yellow
staining of nucleus or nucleus and cytoplasm was considered
positive; (-) indicates no positively stained cell or only plasma
stained or the number of nuclear stained positive cells less
than 1; (+) indicates the cells stained weakly or the number
of stained cells less than 25%; (++) indicates the cells stained
moderately or the stained cells about 26-50%; (+++) indicates
cells stained strongly or the number of stained cells more
than 50%. Positive nuclear staining in more than two cells
(under high power microscope) was considered to be positive.
No folding, and edging-effect fields were chosen during
calculation of 100 cells per five fields. The assessment was
performed by two observers. P16 protein expression in positively
confirmed cervical carcinoma served as positive control. The
first antibody was replaced with PBS for negative control.
Statistical analysis
2 test was used to analyze the data. P value less than 0.05
was considered statistically significant.

RESULTS
Expression of P16 protein in GC
P16 protein expression could only be seen in particular
adenoepithelial cells. We did not find positive staining in
mucosal epithelial cells, matrix fibrocytes, lymphocytes and
smooth myocytes. The positive rate of P16 protein expression
was 96% (77/80) in normal gastric mucosa (Figure 1A)
and 90% (45/50) in dysplastic gastric mucosa (Figure 1B).
There was no significant difference in these mucosa. But in
GC, the positive rate of P16 protein expression was 48%
(58/122) (Figures 1C-F), lower than that in normal and

Table 2 P16 protein expression in various histologic types
of GC
Histologic types
Well-differentiated adenocarcinomaa
Poorly-differentiated adenocarcinomaa
Undifferentiated carcinomaa
Signet ring cell carcinomaa
Mucoid carcinoma
a

p16 gene

P<0.05 vs mucoid carcinoma.

n

Positive

Negative

Positive
rate (%)

29
41
26
16
10

11
21
15
10
1

18
20
11
6
9

38
51
58
62
10

dysplastic mucosa (P<0.05, Table 1). The positive rate of
P16 protein expression was 38%, 51%, 58%, 62% and 10%
in well-differentiated adenocarcinoma, poorly-differentiated
adenocarcinoma, undifferentiated carcinoma, signet ring cell
carcinoma and mucoid carcinoma, respectively. The P16
protein expression in mucoid carcinoma was significantly
lower than that in signet ring cell carcinoma, undifferentiated
carcinoma and poorly-differentiated adenocarcinoma (P<0.05,
Table 2). The positive rate of P16 protein expression was
48% (24/50) in GC with superficial muscle layer invasion
and 47% (34/72) in GC with deep muscle and full layer invasion.
There was no apparent relevance between P16 protein
expression and the depth of invasion (Table 2). In 30 cases
of paired primary and lymph node metastatic GC, the rate
of P16 protein expression in lymph node metastatic cancer
(17%, 5/30) was significantly lower than that of primary
cancer (47%, 14/30) (P<0.05, Table 3).
Deletion and mutation in exon 2 of p16 gene in GC
Among 25 freshly resected GCs, there were seven welldifferentiated adenocarcinoma, 13 poorly-differentiated
adenocarcinoma, three undifferentiated carcinoma, one
signet ring cell carcinoma and one mucoid carcinoma.
Cancer adjacent tissue and normal gastric mucosa were taken
at the same time. The PCR amplification showed no product
in one case of well-differentiated adenocarcinoma, one case
of poorly-differentiated adenocarcinoma and one case of
mucoid carcinoma. Few products found in one case of welldifferentiated adenocarcinoma and one case of poorlydifferentiated adenocarcinoma. But the remaining 20 cases
of GC, cancer adjacent gastric mucosa and normal gastric
mucosa showed products of PCR amplification. All experiments
were repeated thrice. The results were identical. No product
of PCR amplification could indicate the loss of homozygosis
of p16 gene, few products of PCR amplification showed
possible loss of heterozygosis or homozygosis of p16 gene
contaminated with normal mucosa (Figure 2). Four of these
five cases showed negative expression for P16 protein
and one case showed weak expression detected with
immunohistochemical staining. No gene mutation was
observed by PCR-SSCP analysis after the PCR amplification
products were cut with SmaI (Figure 3 and Table 1).

Table 3 P16 protein expression in primary GC and lymph node
metasatic GC
Types

n

Positive

Positive rate (%)

Primary GCa
Lymph node metasatic GC

30
30

14
5

47
17

a

P<0.05 vs lymph node metasatic GC.
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Table 4 Rb protein expression in GC
Types
Normal gastric mucosaa
Dysplastic gastric mucosaa
GC
a

Negative

n
80
50
122

+

++

+++

1
10
49

10
8
17

20
17
30

49
15
26

Positive rate (%)
99
80
60

P<0.05 vs GC.

Table 5 Correlation between expression of P16 and Rb proteins
in GC
n
a

Positive P16
Negative P16
a

Positive

–

44
46

Positive Rb

Negative Rb

n

(%)

n

(%)

14
39

16
43

30
7

33
8

expression of both P16 and Rb proteins was 8% (7/90).
The positive expression of P16 with negative expression
of Rb was 33% (30/90). The negative expression of P16
with positive expression of Rb was 43% (39/90). The results
suggested negative correlation between P16 and Rb proteins
expression in GC (P<0.05, Table 5).

P<0.05 vs negative P16.

Expression of Rb protein in GC
The positive rate of Rb protein expression in normal gastric
mucosa was 99% (79/80), 80% (40/50) in dysplastic gastric
mucosa, and 60% (73/122) in GC (Figure 4). The positive
rate of Rb protein expression in GC was significantly lower
than that in normal gastric mucosa and dysplastic mucosa
(P<0.05, Table 4). There was no significant difference
between the normal gastric mucosa and dysplastic gastric
mucosa (P>0.05, Table 4).
Correlation between the expression of P16 and Rb proteins in GC
Ninety paired GCs were selected from 122 cases of GC to
make a comparison analysis. The positive expression of
both P16 and Rb proteins was 16% (14/90), the negative

DISCUSSION
The development of human cancers including GC is a multistep process and phenotypic changes during cancer progression
reflect the sequential accumulation of genetic alterations
in cells[9] . Both p16 and Rb genes are tumor suppressor
genes. They play important roles in the regulation of the
cell cycle. The proteins of these two genes, P16 and pRb
respectively, inhibit cell progression from G1 to S phase[1,2].
Dephosphorylation retinoblastoma protein (Rb) inactivates
the transcription factors such as E2F1, an important factor
for the transition from G1 to S phase, thereby arrests cells
in G0/G1 phase, resulting in suppressed cell division and
proliferation. When Rb protein is phosphorylated, several
transcription factors are released, which induce the cell from
G1 to S phase rapidly, resulting in excessive proliferation of
cell. P16 has been shown to exert its function through

A

B

C

D

E

F

Figure 1 Immunohistochemical staining of P16 protein expression. Arrow
shows positive cell. A: Normal gastric mucosa SP ×400; B: dysplastic gastric
mucosa SP ×400; C: well-differentiated adenocarcinoma SP ×400; D: poorly-

differentiated adenocarcinoma SP ×400; E: undifferentiated carcinoma SP ×200;
F: undifferentiated carcinoma SP ×400.
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bp
1 543
994
695
← 515
377

-actin→
P16→

Figure 2 PCR amplification products in exon 2 of p16 gene. Lanes 1-3, 5-6, 810: GC; Lane 4 : normal gastric mucosa; Lane 7: cancer adjacent tissue; Lane
M: marker; Few PCR products in lane 3 and no PCR product in lane 5.

1

2

3

4

5

6

7
Figure 4 Rb protein expression in undifferentiated carcinoma, SP×200.

ssDNA

dsDNA
ssDNA
dsDNA
Figure 3 Exon 2 of p16 gene analyzed by SSCP, Lanes 2, 3, 5, 6, 7: GC; Lane
4: cancer adjacent tissue; Lane 1: normal gastric mucosa. No electrophoresis
band in lane 3; weak electrophoresis band in lane 5; no abnormal electrophoresis
band in all lanes.

inhibition of cyclin-dependent kinase 4(CDK4) mediated
phosphorylation of pRb. Functional loss of p16 might result
in nonregulation of CDK4 activity, leading to persistent pRb
phosphorylation and uncontrolled cellular proliferation[1,2].
Abnormalities of p16 and Rb genes are frequent molecular
events in human cancer[10-13]. Some investigations demonstrated
increased cell cycle arrest, growth inhibition and apoptosis
after adenovirus-mediated transduction of p16 gene in
gliomas, lung, pancreas, liver, head and neck tumor cell
lines[1,2] . All these findings indicate that p16 and Rb are
important tumor suppressor genes.
In human GC, loss of p16 expression is common. Our
result showed that the positive rate of P16 protein expression
in GC was remarkably lower than that in dysplastic gastric
mucosa and normal gastric mucosa. This is in accordance
with observations by others[1-3]. These results indicated that
P16 loss expression was characteristically associated with
tumor progression in GC. Several other studies have shown
that re-expression of p16 in various tumor cell lines was
sufficient to cause arrest of the cells in G1 phase[14,15]. In our
study, there was no significant difference between the
normal mucosa and the dysplastic mucosa of stomach in
P16 protein expression. Interestingly, the expression quantity
of P16 protein increased from normal mucosa to precancerous
lesions and GC. Nguyen et al[16], found that the level of p16
mRNA in part of prostate carcinoma was higher than that
in prostate tissues. They also showed that P16 protein
expression increased with the progression of the pathologic
lesion. This change might inhibit cell proliferation. Our results
showed that the positive rate of P16 protein expression
was significantly lower in mucoid carcinoma than that in
poorly-differentiated adenocarcinoma, undifferentiated
carcinoma and signet cell carcinoma. It suggested that the
alteration of p16 gene was different between various
histologic types of GC. The discrepancy of P16 protein

expression also existed between various histologic types
of lung cancer, esophageal cancer and gliomas[10,17]. In our
investigation, P16 protein expression was not significantly
related to sex, age, the depth of invasion and Borrmann’s
classification. However, decreased expression of p16 was
found more frequently in lymph node metasatic GC than
in primary GC. It was demonstrated that the loss of expression
of P16 protein contributed to tumor progression with lymph
node metastasis, which is in agreement with previous reports[6].
Some studies indicated that the loss of p16 expression was
associated with aggressive phenotype and poor prognosis
of several tumors[18]. The positive expression of P16 protein
could merely be observed in partial adeno-epithelial cells
of normal and dysplastic gastric mucosa, and were weakly
positive or undetectable in gastric mucosa epithelium cells,
interstitial lymphocytes, fibroblasts and smooth muscle cells,
which were contrary to some published reports[19]. Nevertheless,
P16 protein expression was undetectable in neoplasmic
stroma[20], normal lung tissue[21] and normal urethral epithelium
cells[19]. This might attribute to a paucity of P16 molecule
in G0/G1 phase cells[22] or a short half-life of P16 protein[23].
Some studies have shown that deletion and mutation of
p16 gene are important mechanisms responsible for the
dysfunction of tumor suppressor genes[24]. In our present
study, deletion in exon 2 of p16 gene was detected in five GC
tissues. But PCR amplification products appeared in the
rest of the 20 cases of GC, normal gastric mucosa and cancer
adjacent gastric mucosa, suggesting an association between
deletion of p16 gene and GC. Previous studies have shown
that deletion of p16 gene is associated with the degree of
differentiation and metastasis of GC. Our observation failed
to demonstrate the similar trend. It was likely that only exon
2 was examined due to inadequate specimens or other
unknown factors. The mutation of p16 gene was not found
by SSCP analysis of digestion product of PCR amplification.
The results revealed that point mutation of p16 gene was
rare during gastric carcinogenesis. It coincides with previous
findings[25,26]. It was also implied that the frequency of p16
gene deletion was lower than that of loss of P16 protein
expression. Some other uncertain mechanisms might exist
in the regulation of p16 gene expression. Many studies suggested
that hypermethylation of p16 gene was the major process for
its inactivation in GC and an important mechanism in gastric
carcinogenesis[27]. Further studies are needed to prove this.
Immunohistochemical analysis showed that the positive
rate of pRb was significantly lower in GC than in normal

He XS et al. Expression of p16 and Rb protein in GC

gastric mucosa and dysplastic gastric mucosa. The result
indicated GC carcinogenesis was probably related with the
loss of pRb expression, which was consistent with other
reports[28]. Serrano et al[1], have proposed that physiological
inactivation of Rb during G1 phase leads to increased p16
expression in order to limit CDK4 activity. Genetic
inactivation of Rb would also stimulate cell to increase p16
expression in an ultimately unnecessary attempt to inhibit
CDK4. This negative feedback model predicts that Rbnegative tumors would have high levels of p16, while Rbpositive tumors might require decreased amounts of
functional p16 in order to achieve a level of CDK4 activity
sufficient for Rb inactivation. Shapiro et al[21], also confirmed
the inverse reciprocity between Rb inactivation and p16
expression in lung cancer. We therefore sought to determine
whether there was a specific correlation between p16 gene
and Rb gene in GC. We analyzed the relationship between
P16 and pRb expression in GC. The result indicated that
there was not only loss of P16 and Rb proteins expression,
but also negative correlation between P16 and Rb expression
in human GC which is consistent with others[29]. These support
the hypothesis that p16 and Rb genes adjust with each other
by negative feedback in cell cycle regulation and indicate that
the alteration of p16 and Rb gene expression may be involved
in carcinogenesis and progression of human GC.
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Abstract
AIM: To investigate the tumor-suppressive effect of
the phosphatase and tensin homologue deleted from
chromosome (PTEN) in human gastric cancer cells that
were wild type for PTEN.
METHODS: Adenoviruses expressing PTEN or luciferase
as a control were introduced into gastric cancer cells.
The effect of exogenous PTEN gene on the growth and
apoptosis of gastric cancer cells that are wtPTEN were
examined in vitro and in vivo.
RESULTS: Adenovirus-mediated transfer of PTEN (AdPTEN) suppressed cell growth and induced apoptosis
significantly in gastric cancer cells (MGC-803, SGC-7901)
carrying wtPTEN in comparison with that in normal gastric
epithelial cells (GES-1) carrying wtPTEN. This suppression
was induced through downregulation of the Akt/PKB
pathway, dephosphorylation of focal adhesion kinase and
mitogen-activated protein kinase and cell-cycle arrest at
the G2/M phase but not at the G1 phase. Furthermore,
treatment of human gastric tumor xenografts (MGC-803,
SGC-7901) with Ad-PTEN resulted in a significant (P<0.01)
suppression of tumor growth.
CONCLUSION: These results indicate a significant tumorsuppressive effect of Ad-PTEN against human gastric
cancer cells. Thus, Ad-PTEN may be used as a potential
therapeutic strategy for treatment of gastric cancers.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Phosphatase and tensin homolog deleted from chromosome
10 (PTEN) gene is a tumor-suppressor gene located on human
chromosome 10q23.3[1,2]. Frequent deletions and somatic
mutations of PTEN have been reported in glioblastoma,
endometrial cancer, prostate cancer, and small cell lung
cancer[3-7]. Furthermore, germline mutations of PTEN are
the cause of Cowden disease and Bannayan-Zonana syndrome,
which are autosomal dominant cancer predisposition
disorders[8-10]. PTEN functions both as a protein and as a
lipid phosphatase in cells that are genotypically wild type
for PTEN[11,12]. PTEN also modulates the phosphatidylinositol
3-kinase (PI3K) pathway by catalyzing degradation of PtdIns
(3, 4, 5) P3 generated by PI3K. This mechanism inhibits
downstream functions mediated by the PI3K pathway, such
as activation of Akt/protein kinase B (PKB), cell survival,
and cell proliferation[13]. Thus, overexpression of PTEN in
cancer cells carrying mutant- or deletion-type PTEN can
inhibit cell proliferation and tumorigenicity via induction
of cell-cycle arrest at G1 phase and apoptosis[14-17]. Although
studies demonstrating the inhibitory function of PTEN in
tumor cell mutants for PTEN exist, very little information
is available on the effect of PTEN in tumor cells that are
wild type for PTEN (wtPTEN). More recently, studies using
melanoma cells, ovarian and thyroid cancer cells that are
wtPTEN demonstrated ectopic expression of PTEN resulting
in growth inhibition and cell death[18-20] . Based on these
reports, we investigated the tumor-suppressive effect of
PTEN on gastric cancer cells that were wtPTEN.
In the present study, we demonstrated that adenovirus
mediated overexpression of PTEN (Ad-PTEN) in gastric
cancer cells and in normal gastric epithelial cells that were
wtPTEN resulted in selective induction of G2 cell-cycle
arrest and apoptosis in tumor cells, but not in normal cells.
Furthermore, treatment of gastric tumor xenografts with
Ad-PTEN resulted in tumor inhibition. These results indicate
that Ad-PTEN can be used as a gene therapeutic strategy
for the treatment of gastric cancers.
MATERIALS AND METHODS
Cell lines and cell culture
Human gastric carcinoma metastatic lymph node cell line,
SGC-7901, and normal gastric epithelial cell line, GES-1,
were obtained from Cancer Research Institute of Beijing,
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China. Human gastric mucinous adenocarcinoma cell line,
MGC-803, was obtained from the Cell Bank of Shanghai
Institute of Cell Biology, Chinese Academy of Sciences
(Shanghai, China). The derived cell lines were grown in IMDM
medium supplemented with 10% heat-inactivated fetal calf
serum, 50 U/mL penicillin and 50 µg/mL streptomycin.
The cells were maintained at 37 ℃ in a humidified atmosphere
containing 50 mL/L CO2. Viability of the cells used in these
experiments was consistently more than 95% when evaluated
by the trypan blue exclusion method.
Construction of recombinant adenoviral vector
To construct adenoviruses carrying PTEN (Ad-PTEN),
cDNA of PTEN was cloned by RT-PCR using placental
mRNA as a template and the following primers: 5’-CTTCAGCCACAGGCTCCCA-3’ and 5’-TGGTGTTTTATCCCTCTTGATA-3’. A 1.2-kb blunt-ended fragment of PTEN
cDNA was inserted into the SwaI site of the cosmid
pAxCAwt (TaKaRa) that contained the CAG promoter and
an entire genome of type 5 adenoviruses except for E1
and E3 regions. This procedure generated pAxCAPTEN.
The pAxCAPTEN was cotransfected with pJM17 (Microbix
Biosystems Inc., Canada) into 293 cells to obtain Ad-PTEN
viruses. As a control, Ad-Luc viruses were constructed.
Viruses were propagated in the 293 cells lines and purified
by two rounds of CsCl density centrifugation. Viral titers
were measured in a limiting-dilution bioassay using the 293
cells. Recombinant adenovirus infections of the cell lines were
carried out by dilution of viral stock to certain concentrations,
addition of viral solution to cell monolayers, and incubation
at room temperature for 30 min with agitation every 10 min.
This was followed by addition of culture medium and the
return of the infected cells to the 37 ℃ incubator.
Transduction and cell proliferation assay
All the cell lines were plated in six-well tissue culture plates
at a density of 1×10 5 cells/well. Tumor cells and normal
cells were then treated with Ad-PTEN or Ad-Luc, or treated
with PBS as a mock control. Cells in each treatment group
were plated in triplicate and cultured for 5 d. Then, at
designated time points, cells were harvested and stained
with 0.4% trypan blue (GIBCO BRL, Grand Island, NY,
USA) to reveal dead cells. Viable cells were then counted
using a hemocytometer.
Apoptotic staining
Cells were seeded in six-well tissue culture dishes at a density
of 1×105 cells/well and treated with Ad-PTEN or Ad-Luc.
At 72 h after treatment, cells were analyzed for apoptosis
using Hoechst 33 258 staining (Sigma Chemicals, St. Louis,
MO, USA). Apoptotic cells were determined via apoptotic
body and/or chromosome condensation.
Cell-cycle analysis
Cells were seeded in 10-cm culture dishes (5-10×105 cells/
dish) and treated with Ad-PTEN or Ad-Luc, or treated with
PBS, 20 mol/L LY294002 (Cell Signaling Technology,
Beverly, MA, USA). At specific time points after treatment,
cells were harvested, washed once with ice-cold PBS, fixed
with 70% ethanol, and stored at -20 ℃. Cells were then
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washed twice with ice-cold PBS and treated with RNase
(for 30 min at 37 ℃, 500 U/mL; Sigma Chemicals), and
DNA was stained with propidium iodide (50 mg/mL;
Boehringer Mannheim, Indianapolis, IN, USA). The cell
cycle phase and apoptotic rate (cells at sub-G0/G1 phase)
were analyzed using a FACScan (Beckman Coulter Inc.,
Fullerton, CA, USA).
Antibody and Western blotting analysis
Following antibodies were used as primary antibodies: PTEN
(Santa Cruz, CA, USA), -actin (Sigma Chemicals), p27Kip1,
Akt, phospho-Akt, p44/42MAPK, and phospho-p44/
42MAPK (Cell Signaling Technology Inc., Beverly, MA,
USA), phospho-FAK (Pharmingen, San Diego, CA, USA).
To perform Western blotting analysis, cells were harvested
by centrifugation. After being washed with ice-cold PBS,
cells were lysed with EBC buffer (120 mmol/L NaCl,
10 mmol/L Tris at pH 8.0, 0.1 mmol/L EDTA, 1 mmol/L
DTT) containing 0.5%NP-40 (Sigma), and protease inhibitors
(Roche, Indianapolis, IN, USA). Cell lysates were normalized
before loading onto 4-20% SDS-PAGE gradient gels
(Invitrogen, Carlsbad, CA, USA). Proteins were subsequently
transferred to a nitrocellulose membrane (Invitrogen) and
probed with primary and secondary antibodies. The proteins
were visualized on an enhanced chemiluminescence (ECL)
film (Amersham) using the ECL Western blot detection
regent (Amersham).
In vivo tumor xenograft studies
Subcutaneous tumor xenografts (MGC803, SGC7901) were
established in nude mice by injecting tumor cells (1×10 6
cells/animal) in the right dorsal flank. When the tumor
reached a size of 50-100 mm3, animals were randomized
into three groups (n = 9, animals/group) and treatment was
initiated as follows. Group 1 received no treatment, group
2 received Ad-Luc (2×1010 vp/dose), and group 3 received
Ad-PTEN (2×1010 vp/dose). All treatments were given on
alternate days for a total of six doses. Intratumoral injections
were performed under anesthesia.
Experiments were terminated when tumors showed signs
of necrosis. The therapeutic effect was determined by
statistical analysis using Student’s t -test.

RESULTS
Inhibition of cell proliferation in gastric cancer due to
overexpression of PTEN
Tumor cells (MGC-803, SGC-7901) and normal cells (GES-1)
were treated with PBS, Ad-Luc, or Ad-PTEN and examined
for exogenous PTEN expression and cell proliferation at
various time points. Treatment with Ad-PTEN resulted in
exogenous PTEN expression in all the cell lines tested
(Figure 1A). However, no endogenous PTEN protein could
be detected by Western blotting in tumor cells, suggesting
that additional epigenetic mechanisms might compromise
the expression of PTEN, consistent with tumor suppressor
role of PTEN. Endogenous PTEN expression was observed
in normal cells, indicating that they were wild type for
PTEN. Furthermore, analysis for cell viability daily on days
1-5 demonstrated significant inhibition of cell proliferation
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(P<0.01) in all the cancer cell lines treated with Ad-PTEN,
when compared with that in control cells treated with AdLuc or PBS (Figure 1B). In normal cells (GES-1), Ad-PTEN
treatment resulted in moderate inhibition of cell growth
compared to cells treated with Ad-Luc and PBS (Figure 1B).
However, Ad-PTEN-mediated inhibitory effect on tumor
cell proliferation was greater and more pronounced than
that observed in normal cells. Minimal to no inhibitory effect
on cell proliferation was also observed in normal human
fibroblast cell line when treated with Ad-PTEN (data not
shown). These results suggested that Ad-PTEN might
selectively and more effectively inhibit tumor cells than
normal cells.
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Figure 1 Inhibition of cell proliferation in gastric cancer cells due to overexpression
of PTEN. A: Cells analyzed for PTEN protein expression by Western blot
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Induction of apoptosis in gastric cancer cells due to
overexpression of PTEN
After treatment with Ad-PTEN, tumor cells (MGC-803,
SGC-7901) and normal cells (GES-1) were analyzed for
apoptotic changes using a fluorescence-activated cell sorter
(FACS) and/or Hoechst 33258 staining. At 72 h after AdPTEN treatment, an increase in the number of cells in
the sub-G0/G1 phase, an indicator of apoptotic changes,
was observed in the two cancer cell lines by FACS analysis
(Figure 2A). The percent increase in apoptotic cells was
20-30%, depending on the tumor cell type. However, no
changes were observed in tumor cells treated with Ad-Luc
or PBS. In contrast, no significant induction of apoptosis
was observed in normal cells treated with Ad-PTEN compared
to cells treated with PBS and Ad-Luc (Figure 2A). To
confirm these results further, Hoechst 33 258 staining was
performed 72 h after treatment. Tumor cells underwent
apoptosis following Ad-PTEN treatment, but normal cells
did not. No changes were observed in any of the cells treated
with Ad-Luc (Figure 2B).

MGC-803

SGC-7901

Figure 2 Induction of apoptosis due to overexpression of PTEN. A: Tumor
cells (MGC-803, SGC-7901) and normal cells (GES-1) treated with PBS, AdLuc, or Ad-PTEN and harvested at 72 h after treatment; B: Analysis of tumor
cells (MGC-803, SGC-7901) and normal cells (GES-1) by Hoechst 33258
staining 72 h after treatment with Ad-Luc and Ad-PTEN. Arrows indicate apoptotic
cells. Magnification ×40 for all cell lines.
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Induction of G2/M cell-cycle arrest due to overexpression of
PTEN
To determine whether Ad-PTEN was capable of inducing
G1 cell-cycle arrest as previously reported[19-22], cell-cycle
phases were analyzed using a FACS. Cell-cycle analysis
demonstrated an increase in the percentage (10-25%) of
tumor cells (MGC-803, SGC-7901) in the G2/M population
72 h after treatment with Ad-PTEN (Figure 3) when compared
to control cells treated with Ad-Luc, PBS, or exposed to
20 mol/L LY294002. However, tumor cells treated with
LY294002 were arrested at the G1 phase since LY294002
was a PI3K inhibitor. Although one of the PTEN functions
was PI3K inhibition, like LY294002[15,20,23], Ad-PTEN did
not induce G1 arrest in cancer cells carrying wtPTEN.
Signaling pathways modulated by PTEN overexpression in
gastric cancer cells
To investigate if PI3K downstream signaling was involved
in PTEN-mediated growth suppression, we examined the
expression of Akt which was downstream of the Akt kinase
pathway and transcriptional regulators leading to apoptotic
cell death[24], in tumor cells (SGC-7901) and normal cells
(GES-1) by Western blot analysis (Figure 4). In SGC-7901
cells, phospho-Akt was strongly dephosphorylated by
Ad-PTEN and LY294002 (PI3K inhibitor). The reduction
in Akt phosphorylation signal was not due to the decrease
of phosphorylated and unphosphorylated forms of Akt
(Figure 4A). In contrast, no significant change in pAkt was
observed in Ad-PTEN-treated GES-1 cells compared to
control cells (Figure 4B). These results demonstrated that
PTEN downregulated the Akt-kinase pathway and suppressed
cell growth and proliferation in cancer cells, but not in
normal cells carrying wtPTEN.
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We also examined the phosphorylation status of focal
adhesion kinase (pFAK) and p44/42MAPK associated with
cell migration and/or focal adhesions in SGC-7901 and
GES-1 cells 72 h after infection[25-28]. In SGC-7901 cells,
pFAK and p44/42MAPK were dephosphorylated by AdPTEN, but not by Ad-Luc or PBS (Figure 5A). Ly126, an
MEK 1/2 inhibitor, also inhibited p44/42MAPK and
served as a positive control. No changes in pFAK and p44/
42MAPK expression were observed in Ad-PTEN-treated
GES-1 cells compared to cells treated with Ad-Luc and
PBS (Figure 5B). These results demonstrated that PTEN
could selectively inhibit cell migration and adhesion through
downregulation of the FAK and mitogen-activated protein
kinase (MAPK) pathways in cancer cells carrying wtPTEN,
but not in normal cells.
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Figure 3 Induction of G2/M cell-cycle arrest due to overexpression of PTEN.
(A: SGC-7901 cells; B: MGC-803 cells.) Bars denote standard error (SE).

Figure 4 Signaling pat hways regulated by PTEN overexpression. A :
Downregulation of phospho-Akt, phospho-FAK, and inhibition of phospho-p44/
42MAPK in SGC-7901 cells after Ad-PTEN treatment compared to Ad-Luc- and
PBS-treated cells; B: No change in the expression levels of phospho-Akt,
phospho-FAK, and phospho-p44/42MAPK observed in GES-1 cells after AdPTEN treatment compared to Ad-Luc- and PBS-treated cells.
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Inhibition of gastric tumor xenografts by PTEN
The ability of Ad-PTEN to inhibit subcutaneous tumor
xenografts was evaluated next. Subcutaneous colorectal
tumor xenografts established in nude mice were divided
into groups (n = 9/group) and treated as follows. Group 1
received PBS, group 2 received Ad-Luc, and group 3 received
Ad-PTEN. Intratumoral injections of Ad-PTEN on SGC7901 and MGC-803 tumor xenografts resulted in a significant
(P<0.01) growth inhibition compared to control tumors that
were treated with PBS or treated with Ad-Luc (Figures 5A
and B). However, no complete tumor regression and no
treatment-related toxicity were observed during the course
of the experiment.
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Figure 5 Therapeutic effect of Ad-PTEN on subcutaneous human gastric tumor
xenografts. Bars represent standard error (SE). A: MGC-803 cells; B: SGC7901 cells.

DISCUSSION
In the present study, we investigated the effects of overexpressing
PTEN proteins in gastric cancer cells that were wtPTEN.
Prior to the start of the study, we examined the mutational
status of PTEN gene in the cancer cell lines used in the
study. Genetic alterations were determined by sequencing
the coding region using exon-specific primers. Both cancer
cell lines were sequenced and found to contain no mutations
in this gene. Furthermore, we showed that overexpression
of PTEN suppressed the growth of cancer cells and induced
apoptosis in gastric cancer cell lines significantly compared
to normal cells. These results are similar to the findings
previously reported in ovarian and thyroid cancers that were
wtPTEN[18,19]. However, one major difference observed in
our results from others is that we observed that gastric
tumor cells that were wtPTEN were arrested in G2/M
phase after Ad-PTEN treatment. In contrast, previous
studies reported that ectopic expression of PTEN in cancer
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cells resulted in G1 arrest that was associated with an
increase in p27 expression[15,16,19,29-31]. Analysis of p27 expression
in gastric cancer cells after Ad-PTEN treatment demonstrated
no change in expression levels (data not shown). In support
of our findings, the recent report by Stewart et al [20],
demonstrated that enforced expression of PTEN inhibited
growth of melanoma cells that were wtPTEN. The discrepancy
in the results is not clear. However, one possibility is that
the induction of cell-cycle arrest by PTEN may be celltype-dependent. Alternatively, differences in the mutational
changes in different cancers may contribute to the determination
of cell-cycle phases. In fact, as demonstrated in the present
study, overexpression of PTEN in gastric cancers that were
wtPTEN underwent G2 arrest, while tumor cells that were
mutants for PTEN underwent G1 arrest. These results
indicate that the endogenous status of PTEN may play a
role in the cell cycle arrest and warrants further investigation.
Whatever the underlying mechanism, it is evident from the
present study that the ability of PTEN to inhibit tumor
growth is independent of the mutational status of PTEN
in cancer cells and is in agreement with the findings previously
reported by Li et al[32].
The mechanism by which PTEN suppresses cell growth
and induces apoptosis appears to be dependent upon its
phosphatase activity. Requirement of the PTEN phosphatase
activity to downregulate the Akt, FAK, and p44/42MAPK
pathways has been previously demonstrated in tumor cells
that were mutants or null for PTEN[25,26,28,33-35]. The results
from the present study agree with these reports. Treatment
of gastric cancer cells with Ad-PTEN resulted in the
inhibition of Akt, FAK, and p44/42MAPK pathways.
However, Ad-PTEN treatment in normal cells did not result
in the regulation of these pathways, which may explain their
inability to undergo apoptotic cell death, thereby achieving
tumor-selective killing. The ability of tumor cells, but not
normal cells that are wtPTEN, to undergo apoptotic cell
death is in agreement with the findings of Li et al [32], who
demonstrated that colorectal cancer cells that were wtPTEN
were sensitive to PTEN, but not normal cells. It is also
possible that tumor cells have other signaling pathways that
are defective, result in triggering of apoptotic cell death upon
PTEN expression. An alternate explanation can be that the
endogenous PTEN expressed in tumor cell lines, but not in
normal cells, is not functional. To gain an insight into this
possibility, further investigation is warranted.
Finally, the ability of Ad-PTEN to suppress the growth
of xenograft tumors (MGC-803, SGC-7901) was investigated.
Ad-PTEN treatment inhibited tumor growth significantly,
supporting our in vitro findings presented here. The ability
of Ad-PTEN to inhibit human gastric tumor growth that
wtPTEN has not been previously documented. In conclusion,
Ad-PTEN inhibits gastric cancer growth, both in vitro and
in vivo. Thus, adenovirus-mediated transfer of the PTEN
gene may be a promising therapeutic strategy for the
treatment of patients with gastric cancer.
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Abstract
AIM: To investigate the inhibitory effect of specialized
human telomerase antisense oligodeoxyribonucleotides
on the growth of well (MKN-28), moderately (SGC-7901)
and poorly (MKN-45) differentiated gastric cancer cell lines
under specific conditions and its inhibition mechanism,
and to observe the correlation between the growth
inhibition ratio and the tumor pathologic subtype of gastric
cancer cells.
METHODS: Telomerase activity in three gastric cancer cell
lines of variant tumor pathologic subtype was determined
by modified TRAP assay before and after the specialized
human telomerase antisense oligodeoxyribonucleotides
were dealt with under specific conditions. Effect of
antisense oligomer under specific conditions of the growth
and viability of gastric cancer cell lines was explored by
using trypan blue dye exclusion assay, and cell apoptosis
was detected by cell morphology observation, flow
cytometry and TUNEL assay.
RESULTS: Telomerase activity was detected in well,
moderately and poorly differentiated gastric cancer cell
lines (the quantification expression of telomerase activity
was 43.7 TPG, 56.5TPG, 7 6.7TPG, respectively).
Telomerase activity was controlled to 30.2TPG, 36.3TPG
and 35.2TPG for MKN-28, SGC-7901 and MKN-45 cell lines
respectively after treatment with human telomerase
antisense oligomers at the concentration of 5 mol/L, and
was entirely inhibited at 10 mol/L, against the template
region of telomerase RNA component, whereas no inhibition

effect was detected in missense oligomers (P<0.05). After
treatment with antisense oligomers at different concentrations
under specific conditions for 96 h, significant growth
inhibition effects were found in MKN-45 and SGC-7901
gastric cancer cell lines (the inhibition ratio was 40.89%
and 71.28%), but not in MKN-28 cell lines (15.86%). The
ratio of inactive SGC-7901 cells increased according to
the prolongation of treatment from 48 to 96 h. Missense
oligomers could not lead to the same effect (P<0.05).
Apoptosis of SGC-7901 and MKN-45 cells was detected
not only by morphology and TUNEL assay but also by
flow cytometry. The apoptotic rate reached 33.56% for
SGC-7901 cells and 44.75% for MKN-45 cells.
CONCLUSION: The viability and proliferation of gastric
cancer cells can be inhibited by antisense telomerase
oligomers. The growth inhibition of gastric cancer cells is
correlated with concentration, time and sequence specialty
of antisense oligomers. The inhibition mechanism of
antisense human telomerase oligomers depends not only
on the sequence specialty but also on the biological
characteristics of gastric cancer cell lines.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Telomere, a complex structure present at the ends of
eukaryotic chromosomes, is regarded as a mitotic clock,
eventually signaling the senescence of programed cell death
in aged cells, and thus preventing further accumulated
genetic changes and chromosome instability that can lead
to pathologic lesions such as cancer. So maintenance of
telomeres is essential to the proliferation of tumor cells[1].
Telomerase, a ribonucleoprotein, is actually a reverse
transcriptase consisting of RNA and protein, the function
of which is to add hexameric repeats of 5’-TTAGGG-3’ to
the end of telomeres to compensate for the progressive
loss of telomeres[2]. It has been approved that telomerase is
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an enzyme associated with cellular immortality and
tumorigenesis, and strangely repressed in most normal
somatic cells, but is reactivated in malignant tumor cells or
immortal cells. Without the activation of telomerase,
oncogene alone is not sufficient to make human cells
become malignant phenotypes[3]. Studies have confirmed
that telomerase activity is generally undetectable in normal
gastric tissue, but is expressed in approximately 85-100%
of human gastric cancers[4]. These facts strongly support
the idea that telomerase has a promising potential, not
only as a useful predictive diagnostic marker for gastric
cancer, but also as a novel targeting approach of gastric
cancer therapy.
Gastric cancer is one of the most common malignancies
and the major cause of cancer-related death in many
countries, including China, where it accounts for 15.4 out
of 100 000 persons[5]. Much has been done to improve the
earlier diagnosis and survival rate of gastric cancer through
telomerase activity detection and telomerase activity
inhibition by anticancer chemotherapy, but according
to MEDLINE searches up to the year of 2004, little is
known about the effect of antisense human telomerase
oligodeoxyribonucleotides on the growth inhibition of gastric
cancer cell lines of variant pathologic differentiations and
their inhibition mechanism, and the relationship between
the inhibition effect of telomerase antisense oligomers and
tumor pathologic subtype. The strategy we performed here
was to investigate the inhibitory effect of specialized human
telomerase antisense oligodeoxyribonucleotides on the
growth of well-, moderately- and poorly-differentiated gastric
cancer cell lines under specific conditions and the possible
mechanism of antisense oligodeoxyribonucleotides, to
observe the correlation between the inhibition ratio and
tumor pathologic differentiation of tumor cells, or other
factors that might affect the inhibition effect of antisense
oligodeoxyribonucleotides.

MATERIALS AND METHODS
Cell culture
Human gastric cancer tissue and normal gastric tissue were
obtained from Shanghai Ruijin Hospital. MKN-28, the welldifferentiated human gastric cancer cells and MKN-45, the
poorly-differentiated human gastric cancer cells were kindly
provided by Japanese Foundation of Cancer Research,
Tokyo, Japan. SGC-7901, the moderately-differentiated
human gastric cancer cells were present as a gift from No.
6 People’s Hospital, Shanghai, China. All tumor cells were
cultured in RPMI-1640 median (Gibco) supplemented with
10% heat-inactivated fetal calf serum at 37 ℃ in a modified
CO2 incubator containing 50 mL/L CO2 and 95% air.
Synthesis of oligomers
Fifteen-mer specific human telomerase antisense
oligodeoxyribonucleotides (AS-ODN, 5’-GTT AGG GTT
AGA CAA-3’) and missense oligodeoxyribonucleotides
(N-ODN, 5’-ACG TCG ATC TGA GCA-3’) were synthesized
by -cyanoethyl-phospharamidite chemistry using a model
381, an automated DNA synthesizer (Applied Biosystems).
The assay procedure and precautions were in accordance
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with the instructions. Briefly, each basic group was
synthesized including deblocking DMT at a controlled pore
glass by trichloroacetic acids, then activated, couple purified,
condensed, oxidized and aminolyzed according to the
protocol of the user’s manual (Applied Biosystems).
Electrophoresis in a polyacrylamide gel under denaturing
conditions was used for the purification of oligomers. The
oligomers were added to cell culture medium containing
stable modifications with phosphorothiodate residues.
Telomerase activity assay modified quantitative TRAP
(telomeric repeat amplification protocol) assay
A highly sensitive method was developed with some
modifications for quantification analysis of telomerase
activity according to Zhang et al[6,7] in our research center.
Reagent
CHAPS lysis buffer: 10 mmol/L Tris–HCl (pH 7.5), 1 mmol/L
MgCl2, 1 mmol/L EGTA, 0.1 mmol/L PMSF, 5 mmol/L
-mercaptoethanol, 0.5% CHAPS (Sigma), 10% glycerol.
TRAP reaction buffer: 20 mmol/L Tris-HCl (pH 8.3),
1.5 mmol/L MgCl2, 63 mmol/L KCl, 0.005% Tween-20,
1 mmol/L EGTA, 50 mol/L dNTPs (Promega), 0.1 g
TS primer 5’-AATCCGTCGAGCAGAGTT-3’ (All the
primers used were synthesized by Shanghai Department of
Sangon, Canada). ACX, the return primer: 5’-GCGCGG
[CTTACC]3CTAACC-3’. NT, internal control primer: 5’ATCGCTTCTCGGCCTTTT-3’. TSNT, internal control
template: 5’-AATCCGTCGAGCAGAGTTAAAAGG
CCGAGAAGCGAT-3’. R8, the quantification standard of
oligodeoxyribonucleotide: 5’-AATCCGTCGAGCAGAGT
TAG[GGTTAG]7-3’. Taq DNA polymerase (Promega).
SYBR Green I (FCM Bioproducts).
Preparation of telomerase extracts
All cells and tissues were washed twice with phosphate-buffered
saline (0.05 mol/L, pH 7.0), centrifuged (1 000 r/min, 5 min)
suspended in ice-cold CHAPS-lysis buffer (0 ℃, 30 min),
centrifuged once again (BECKMAN, 4 ℃, 12 000 g, 30 min).
The supernatant was rapidly frozen and stored at -70 ℃.
Bradford protein assay[5]
The concentration of proteins was measured by using the
Bradford protein assay, an aliquot of extract containing
1 g of proteins was used for each telomerase assay.
Quantification analysis of telomerase activity
One microgram protein of telomerase extracts was added
into 50 L TRAP reaction, after 30 min of incubation at
30 ℃, 0.1 g ACX, 0.1 g NT 0.003 amol TSNT and 2U
Taq DNA polymerase were added. The reaction mixture
was then subjected to polymerase chain reaction (PCR)
amplification in a thermal cycler (Perkin-Elmer 2400) with
30 cycles at 94 ℃ for 30 s, at 60 ℃ for 30 s. The PCR products
were resolved by electrophoresis in a 12% polyacrylamide
gel under nondenaturing conditions. The gel was then
stained with SYBR Green I (FCM bioproducts) for 15 min,
visualized by the UVP system and analyzed by Gelworks
1D advanced software. In each experiment, negative control
(1 L CHAPS lysis buffer or 1 g extracts incubated with
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5 g/L RNase for 20 min at 37 ℃) and positive control
(0.1 amol of R8) were included. Telomerase quantification
was calculated with the formulation: TPG={[(TP-B/TI)/
[R 8-B/RI]]×100}. TP, B, R 8, TI and RI were telomerase
products in fluorescent counts from the test extract, blank
lysis buffer only, R 8 quantification standard, and internal
controls of the test extract and that of the R8 quantification
standard, respectively.
Cell viability assay
The cytotoxic effect of antisense oligomers on tumor cells
was determined using the trypan blue dye exclusion assay.
Tumor cells in logarithmic phase were seeded at 104 cells/well
(100 L) in 96-well plates and incubated overnight at 37 ℃,
then the oligomers were added to the appropriate wells (the
final concentrations of 5, 10, 15, 20 and 25 mol/L were
revised for antisense and 10 mol/L for missense). Cells
were harvested after 96 h after administration of oligomers,
and cell suspension was diluted to 106/L and cell viability
was determined by trypan blue dye.
Then SGC-7901 gastric cancer cell line, the most sensitive
to the inhibition effect of antisense oligomers of the three
cell lines, was chosen for the next assay to observe whether
the cytotoxic effect of antisense oligomers at 48, 72, 96 h
was time dependent.
Cell cycle analysis by flow cytometry
Three gastric cancer cell lines were seeded at 106 cells/L in a
six-well microplate. Following a 12-h incubation at 37 ℃,
50 mL/L CO2, antisense and missense oligomers were added
at a final concentration of 10 mol/L. Additional controls
contained 10 mol/L missense oligomers and culture
medium alone respectively. Cells were harvested 96 h later
and resuspended in the solution containing sodium citrate
40 mmol/L, sucrose 250 mmol/L and 5% dimethyl
sulfoxide. The suspension was stored at -20 ℃ for 20 min,
then thawed rapidly at room temperature and centrifuged
to collect the cells. The cells were then resuspended in a
solution containing RNase A (5×104 unit/g, 50 mg/L) and
propidium iodide (PI, 20 mg/L). PI-stained cells were
analyzed by flow cytometry (Becton-Dickson).
Electron microscope observation of gastric cancer cell lines
Electron microscope observation was used to determine
whether tumor cells displayed an apoptotic morphology.
Gastric cancer cells were fixed with 2.5% glutaraldehyde in
advance, after being fixed with 2% osmic acid, washed with
phosphate-buffered saline, dehydrated in alcohol of different
grades, and embedded with Epon 812 to form ultrathin
sections. After having dyed in both sodium acetate and lead
citrate, the ultrathin sections were observed under an
electron microscope.
TUNEL assay of apoptosis analysis (Roche molecular
biochemicals)
The increased apoptosis of gastric cancer cells was also
evaluated using the TUNEL (TDT-mediated dUTP nick
end labeling) assay. DNA fragments were detected with
FITC-labeled dUTP and terminal deoxynucleotidyl
transferase as described by the supplier of reagents.
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Cells (1×105/well) were seeded on four-well plates and
treated with oligomers in the same manner as described
above at the final concentration of 10 mol/L for 96 h.
Cell samples were air dried. A fresh paraformaldehyde
solution (4% in PBS, pH 7.4) was prepared for 1 h at room
temperature, slides were rinsed with PBS and incubated in
a permeability solution (0.1% Triton X-100, 0.1% sodium
citrate) for 2 min on ice, then labeled and analyzed by
rinsing slides twice with PBS and adding 50 L TUNEL
reaction mixture to sample. Each experiment should include
negative controls containing terminal transferase instead of
TUNEL reaction and positive controls containing fixed and
permeabilized cells incubated with micrococcal nuclease or
DNase I (1 g/mL in 50 mmol/L Tris-HCl, pH 7.5, 1 mmol/L
MgCl2, 1 mg/mL BSA, for 10 min at room temperature)
to induce DNA strand breaks. The results were observed
and photographed via fluorescence microscopy.
Statistical analysis
Data were expressed as mean±SD. Comparison between
means was tested by Student’s t test, Friedman’s ANOVA
and Duncan test in SAS. P<0.05 was considered statistically
significant.

RESULTS
Quantification analysis of telomerase activity in three gastric
cancer cell lines of variant tumor pathologic subtype
Telomerase activity was detected with the modified TRAP
assay. As shown in Figure 1, internal standard bands were
detected in all samples starting from 36 bp, by using lysis
buffer and normal gastric mucosa as negative controls,
human gastric cancer tissue and 0.1 amol R8 as positive
controls, which excluded the possibility of false-negative
results due to Taq polymerase inhibitor.
1

2

3

4

5

6

7

bp
50
36
Figure 1 Results of quantification determination of telomerase activity. Lane 1:
negative control of lysis buffer; lane 2: normal human tissue of gastric mucosa;
lane 3: gastric cancer; lane 4: MKN-28 cell line; lane 5: SGC-7901 cell line; lane
6: MKN-45 cell line; lane 7: positive control of 0.1 amol R8.

Telomerase activity, starting at 50 bp and producing a
characteristic 6-bp ladder periodically, was clearly detected
in poorly, moderately and well-differentiated gastric cancer
cell lines and human gastric cancer tissue, but not detected
in normal gastric mucosae. The quantification expression
of telomerase activity in poorly-, moderately- and welldifferentiated gastric cancer cell lines was MKN-45 76.7TPG,
SGC-7901 56.5TPG, MKN-28 43.7TPG. According to the
statistical analysis, though the tumor pathologic differentiation
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Effect of antisense oligomers on telomerase activity in three
human gastric cancer cell lines of variant pathologic
differentiation
Telomerase activity in well-, moderately-, and poorlydifferentiated gastric cancer cell lines was significantly
inhibited after having been cultured with antisense human
telomerase oligonucleotides for 96 h at the concentrations
of 5 and 10 mol/L, compared to the missense oligomers
as contrasts. As shown in Figure 2, telomerase activity was
controlled to 30.2TPG, 36.3TPG and 35.2TPG for MKN28, SGC-7901 and MKN-45 cell lines respectively at the
concentration of 5 mol/L, and was entirely inhibited at
10 mol/L, while 10 mol/L missense oligomers could not
inhibit telomerase activity.

was a severe slant at the concentration of 10 mol/L,
suggesting that the antitumor effect was even more critical
at this point of concentration. Thus, it was a prompt for us
to detect the antisense effect on cell apoptosis at this
circumstance (10 mol/L, 96 h). Substantial decrease in
cell growth was not seen in MKN-28 groups when analyzed
at 96 h (P>0.05).
100

MKN-28
MKN-45

80
Active cell %

and malignancy of these gastric cancer cell lines varied, no
significant difference in telomerase activity was observed,
which confirmed that the expression of telomerase activity
was not correlated with the pathologic differentiation of
tumor cells (P>0.05). All of the experiments were repeated
for not less than five times.
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control mol/L) mol/L) mol/L) mol/L) mol/L) mol/L)
Concentration of antisense oligonucleotides (mol/L)

Figure 3 Effect of oligomers on viability of MKN-28, SGC-7901 and MKN-45 cells.
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Figure 2 Effect of antisense oligomers on telomerase activity. Lane 1: negative
control of lysis buffer; lanes 2-4: 5 mol/L ASODN* on MKN-28, SGC-7901 and
MKN-45 cell lines; lanes 5–7: 10 mol/L ASODN on MKN-28, SGC-7901 and
MKN-45 cell lines; lane 8: negative control of dealing with RNase A; lanes 9–11:
10 mol/L NODN* on MKN-28, SGC-7901 and MKN-45 cell lines; lane 12:
positive control of 0.1 amol R8. *ASODN: antisense oligomer and NODN:
missense oligomer.

Effect of antisense oligomers on the growth and viability of
three gastric cancer cell lines
As controls of blank group and missense oligomer group,
the antitumor effect of antisense oligomers was remarkable
in MKN-45, the poorly-differentiated cells and SGC-7901,
the moderately-differentiated cells (P<0.05) at the specified
conditions. In both kinds of cell lines, the addition of
anticancer agents was associated with concentrationdependent reductions in cell growth inhibition from 5, 10,
15, 20-25 mol/L. As shown in Figure 3, the slope of curve

A represents antisense telomerase oligodeoxyribonucleotides
(ASOND) and N represents missense oligodeoxyribonucleotides
(NOND)
However, the missense control group did show a decrease
in viability (10%), which was not statistically different from
the antisense group, and this might represent a nonspecific
antisense effect.
Since SGC-7901, the moderately-differentiated cells, was
more sensitive to antitumor effect of antisense oligomers
than any other two cell lines, we then chose it to investigate
cell viability after incubation with oligomers at 48, 72, 96 h
at different concentrations. As shown in Figure 4, when the
reaction time was extended from 48 to 96 h, the antisense
oligomers displayed a more effective way to inhibit the
viability of tumor cells, compared to the missense oligomers
as controls (P<0.05). The IC 50 of antisense oligomers on
growth inhibition of SGC-7901 cancer cells at 48, 72 and
96 h was 15, 10 and 8 mol/L or so. In this study, the
effect of antisense oligomers on gastric cancer cells was
not only sequence-specific but also concentration-dependent
and time-dependent in cell growth inhibition.
Effect of antisense oligomers on cell apoptosis
Morphologic observation of cell apoptosis under light
microscopy After treatment with 10 mol/L of antisense
oligomers for 96 h, the growth rate of SGC-7901 and MKN-45
declined. When cells stopped proliferating, they showed the
morphologic characteristics associated with crisis, such as
larger cells with a flattened appearance, membrane blebbing,
contact inhibition and adhesion decline (Figure 5), but these
changes did not occur to MKN-28, the well-differentiated
cells, which had almost the same effect as missense group.
Three cell lines in blank group grew exuberantly with bright
cell membranes and perfect clear culture solution. All these
cells in missense group also grew actively, but not as well as
the blank group.
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Morphologic observation of cell apoptosis under
electron microscopy We investigated whether these cells
had the phenotypic hallmarks of apoptosis under electron
microscope. Morphologic changes under electron microscope
during apoptosis after treatment with 10 mol/L of antisense
oligomers for 96 h were characterized as membrane blebbing
instead of microvillus growth, chromatin condensation and
margination to the nuclear membrane, nuclear fragmentation
and disintegration to form apoptosis corpus (Figure 6). But
the MKN-28, the well-differentiated cells, did not have the
effect after the same treatment.
Investigating apoptotic rate by flow cytometry To
determine whether the cells were undergoing apoptosis,
and to examine the apoptotic ratio after treatment of
oligomers at 10 mol/L for 96 h, we performed analysis
of cells labeled with PI. Flow cytometric analysis of DNA
content demonstrated the accumulation of a sub-G1 peak
with the apoptotic rate reaching 33.56% for SGC-7901 cells
and 44.75% for MKN-45 cells in antisense group, which was
significantly higher than those in missense group (Table 1).
Examining apoptosis by TUNEL assay To further
confirm whether gastric cancer cells underwent apoptosis,
we performed TUNEL assay. Similar results were obtained
by TUNEL assay conforming DNA fragmentation under
fluorescence microscopy. Cells in logarithmic phase infiltrating
with DNase I (50 g/mL) were used as a positive contrast and
cells in logarithmic phase without any treatment and reagent
48 h

Active cell percentage

100
90
80
70
60
50
40
30
20
10
0

Table 1 Apoptosis of three gastric cancer cell lines after
treatment with oligomers (10  mol/L, 96 h) (mean±SD)
Group
MKN-28

96 h

SGC-7901

A (5

MKN-45

A (10 A (15 A (20 A (25

control mol/L) mol/L) mol/L) mol/L) mol/L) mol/L)

Concentration of antisense oligonucleotides

Figure 4 Effect of oligomers on viability of SGC-7901 cells at different time
p oi nt s an d c on c e nt ra t i on s . A re pr es e nt s an t i s e ns e t el om er as e
ol igod eox y rib onuc leo t ide s (A SON D ) a nd N re pres ent s m i s s en s e
oligodeoxyribonucleotides (NOND).

A

Number 15

DISCUSSION
The antisense human telomerase oligomers used were
sequence specific and complementary to telomerase RNA,
which is absolutely required for telomerase reverse
transcription and therefore a natural target for antitelomerase agents. Another strongpoint that we designed
for the antisense oligmers was modification of DNA oligomers
with phosphorothioate (PS) linkages. The modifications of
sugar phosphodiester backbone in these molecules were
intended to confer certain desirable characteristics of
properties, such as superior binding affinity and therefore
specificity to the hTR RNA template, intracellular penetration
and importantly, to enable the intact delivery to their targets[8].
Compared to other modifications, such as ribozyme, 2’,5’oligoadenylate [9] , peptide nucleotide acid [10], and RNA
interference[11], phosphorothioate oligonucleotides are the
current gold standard for antisense therapy and have a bright
future in clinical study, because they have acceptable physical
and chemical properties and show reasonable resistance to

IC50

N (10

Volume 11

as a negative contrast, the results showed SGC-7901 and
MKN-45 cells of antisense group were fluoresced and
turned to green, rounder, larger, and even polykaryon, which
was a characteristic sign of apoptosis. Cells in missense group
were not found to have changes under fluorescence
microscopy (Figure 7).

72 h

Cell
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B

Figure 5 Light microscopy investigation of MKN-45 and SGC-7901 cells after
in vitro treatment with different oligomers (10 mol/L, 96 h). A: contrast group

% Apoptosis

Control

2.68±1.05

AS-ODN

17.56±2.57

N-ODN

12.37±4.79

Control

2.59±0.94

AS-ODN

33.56±3.56

N-ODN

8.46±0.76

Control

6.77±2.16

AS-ODN

44.75±9.93

N-ODN

15.97±4.01

Pa

P>0.05

P<0.05

P<0.05

% Apoptosis, percentage of cells in a sub-G1 peak, quantified by flow cytometric
DNA analysis. Pa represents the statistical comparison in columns between
antisense group and missense group.

C

(10×15); B: antisense oligomer group (10×15); C: non-antisense oligomer
group (10×15).
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nucleases[12].
Our research confirmed that telomerase activity of well-,
moderately-, and poorly-differentiated gastric cancer cells
was significantly inhibited by antisense oligomers of sequence
specificity at 10 mol/L for 96 h, and the degree of inactivity
had no correlation with tumor pathologic differentiation.
They had almost consistent expression of telomerase activity
before and after the suppression of antisense oligomers,
indicating that the suppression mechanism of antisense
oligomers is related to the telomerase activity, and antisense
oligomers inhibit telomerase and cell growth via sequence
specificity against human telomerase RNA components.
In our research, antisense oligomers of sequence specificity
inhibited cell proliferation, especially moderately-differentiated
gastric cancer cells (SGC-7901), in a concentration- and
time-dependent manner. But our findings also had no
A
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significant correlation between the reduction in telomerase
activity and cell counts or viability. After having been
treated with antisense oligomers at the same condition
(96 h, 10 mol/L), telomerase was completely inactivated,
but tumor cells were still partially viable, indicating that
antisense human telomerase oligomers inhibit telomerase
activity earlier and more effective than cell growth, and
antisense oligomers inhibit cell proliferation via inactivation
of telomerase. Agents that target telomerase, unlike most
conventional chemotherapeutic agents, might not induce
cytotoxicity immediately after administration[13,14]. Although
many tumors maintained short telomeres, complete inhibition
of tumor cell proliferation required a continuous cell division
until their telomeres reached a critically short length[15-17].
Light and electron microscopy showed that gastric cancer
cells appeared to be the characteristic signs of apoptosis

B

Figure 6 Electron microscopy investigation of cell apoptosis of MKN-45 and
SGC-7901 cells after in vitro treatment with different oligomers (10 mol/L, 96 h).

C

A: contrast group (×2 300); B: antisense group (×6 400); C: non-antisense
group (×3 800).

A

B

C

D

Figure 7 TUNEL test of cell apoptosis of SGC-7901 and MKN-45 gastric
cancer cells after in vitro treatment with different oligomers (10 mol/L, 96 h). A:

negative control (20×15); B: positive control (20×15); C: antisense group (20×15);
D: non-antisense group (20×15).
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and cell growth inhibition after treatment with antisense
oligomers. Flow cytometry also confirmed the same outcome
as antisense oligomers that induced cell apoptosis by arresting
cells at G0/G1, decreasing the percentage of cells at S and
G2/M phases, and reducing the cell growth-rate, but the
cells in missense group did not have this effect. These data
suggest that inhibition of telomerase could enhance cell
inviability and apoptosis in some subpopulations without
telomerase activity.
However, antisense oligomers could lead to apoptosis
of gastric cancer cells (P<0.05, compared to missense
group), but the apoptosis ratio was no more than 30-50%,
suggesting that other subpopulations during the treatment
with antisense oligomers continued to grow and escaped from
apoptosis. In agreement with our results, Kondo et al[18] has
furthermore attested in their therapeutic experiment of
neuroglioma that treatment with antisense human telomerase
oligomers could not induce apoptosis of all neuroglioma
cells, and surviving cells demonstrated an increased
expression of more differentiated states, such as decreased
motility, invasive ability and tumorigenicity. So they
concerned that inhibition of telomerase in tumor cells could
trigger two distinct pathways, apoptosis and differentiation.
We also found that antisense human telomerase oligomers
could significantly inhibit the growth and viability of gastric
cancer cells. The main mechanism of which is the inhibition
of telomerase activity and the induction of cell apoptosis.
Further study is needed to approve the possible mechanism
of cell differentiation.
In this study, we found that antisense oligomers of
sequence specificity inhibited efficiently the proliferation
of poorly-differentiated gastric cancer cells (MKN-45) and
moderately-differentiated gastric cancer cells (SGC-7901)
at specific conditions, but the inhibitory action on MKN-28
was restricted and not reasonable. Furthermore, antisense
oligmers could control the growth rate of moderatelydifferentiated gastric cancer cells (SGC-7901) more effective
than that of poorly-differentiated gastric cancer cells (MKN45), indicating that antisense oligomers have the capability
of inhibiting cell growth, but they do not enhance or weaken
their inhibiting efficiency according to the malignant grades
of gastric cancer. These results suggest that the mechanism
of the growth inhibition by antisense oligomers has little
correlation with malignancy or its pathologic differentiation
of gastric cancer.
These data also suggest that the inhibition effect of
antisense oligomers on the viability of gastric cancer cell
lines is not only correlated well with the inhibition effect of
telomerase activity by specifically combining the human
telomerase RNA, but also determined by the different
biologic traits of gastric cancer cell lines. Since a variety of
stimuli are known to induce or suppress apoptosis, we
believe that after telomerase activity is inhibited by antisense
oligomers of sequence specificity, the unique signal
transmission channel is activated in different gastric cancer
cell lines, thus starting up a new pass of controlling tumor
growth, resulting in some cell types undergoing apoptosis,
some types undergoing differentiation and others continuing
to grow. It has been demonstrated that tumors undergoing
apoptosis via p53-dependent pathways after treatment with
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antisense telomerase are easily inhibited compared to those
via p53-independent pathways after treatment with
antitelomerase. MKN-28 cells, unlike most gastric cancer
cells (including MKN-45, and SGC-7901), instead of
containing wild-type p53 gene, they harbor a missense
mutation at codon 257 binding domain, inducing cell
apoptosis in a unique way[19]. These studies give some
assumption why antisense human telomerase oligomers in
our study significantly inhibited cell growth and induced
apoptosis in MKN-45 and SGC-7901 gastric cancer cells,
but not in MKN-28 cells. So the inhibiting mechanism of
antisense telomerase oligomer is not only determined by
the sequence specialty, but also correlated with the biologic
traits due to the cell lines themselves. Since different cell
lines from the same tumor origin may have variant biologic
mechanisms in tumorigenesis, they maintain their immortal
proliferation in a particular way after overexpression of
telomerase activity. Therefore once telomerase activity is
inhibited, the response is different to cell apoptosis and
growth inhibition.
In agreement with our results, Kondo et al[18]and Taggart
et al [20] have confirmed in their studies that the effect of
telomerase inhibitors appears in their own way, and is
decided by tumor related genes and different cancer cell
subtypes. Though telomerase inactivity may lead to cell
apoptosis via telomere shortening, it has been proved that a
small proportion of tumor cells could synthesize repetitive
sequences of telomere to maintain an effective length via
selectively stimulating some unknown bypasses[21,22]. It has
been found that antisense oligomers could induce apoptosis
via upregulating p53, Rb, or induce differentiation via
activation of p21 and p27. It has also been approved that
treatment with surviving nonapoptotic cells with antisense
oligonucleotides against p27 could induce cell death[18]. To
confirm our hypothesis, further study is needed to
investigate the real mechanism after telomerase inhibition
according to cell lines and cell biology.
In conclusion, antisense oligomers targeting on telomerase
RNA can inhibit cell immortalization and proliferation of
well-, moderately- and poorly-differentiated gastric cell lines.
The main mechanism of which is the specific inactivity of
telomerase, and induction of cell apoptosis.
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Abstract
AIM: The role of hepatitis B virus (HBV) genotypes on the
clinical features and prognosis of patients with hepatocellular
carcinoma (HCC) is currently unknown. The aim of the
present study was to evaluate the distribution of HBV
genotypes and their clinical relevance in Thai patients.
METHODS: HBV genotypes were determined by PCR-RFLP
in stored sera of 93 asymptomatic carriers, 103 patients
with chronic hepatitis, 60 patients with cirrhosis and 76
patients with HCC. The clinical data were analyzed in relation
to the HBV genotype.
RESULTS: HBV genotypes C and B were predominant in
Thailand, accounting for 73% and 21%, respectively. The
distributions of genotypes B and C were similar in HCC
patients compared to the other groups. Genotype C was
significantly more common in HCC patients who were under
40 years old than genotype B (18% vs 0%, P = 0.03), but
was significantly less common in patients older than 60 years
(26% vs 56.5%, P = 0.01). The positive rate of hepatitis B e
antigen (HBeAg) in patients with genotype C was significantly
higher than that in patients with genotype B (71.6% vs
44.4%, P = 0.03 in chronic hepatitis; 56.8% vs 11.1%,
P = 0.01 in cirrhosis). There were no differences between
HCC patients with genotypes B and C regarding tumor staging
by CLIP criteria and the overall median survival. Multivariate
analyses showed that HBV genotype was not an independent
prognostic factor of survival in HCC patients.
CONCLUSION: Patients with genotype C had a higher
positive rate of HBeAg and exhibited earlier progression
of cirrhosis and HCC than those with genotype B. However,

there were no differences in the risk of developing HCC and
its prognosis between patients with these genotypes.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) infection is associated with a diverse
clinical spectrum of liver damage ranging from asymptomatic
carrier, chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC)[1]. HBV, a member of the hepadnaviridae,
is a relaxed circular double-stranded DNA virus, and has
currently been classified into eight genotypes, designed A-H
based on a comparison of entire genomic sequences[2,3]. HBV
genotypes appear to show varying geographic patterns in
their distribution. For instance, genotypes A and D are
predominant in Western countries and India, whereas
genotypes B and C prevail in Southeast Asia, China and Japan.
Genotype E is restricted to Africa and genotype F is found
in Central and South America.
Besides the differences in geographical distribution, there
is growing evidence that the viral genotypes may influence
the clinical outcomes of patients with chronic HBV infection.
Among Asian patients who constitute approximately 75% of
HBV carriers worldwide, it has been shown that HBV genotype
C is more commonly associated with severe liver diseases and
the development of cirrhosis compared to genotype B[4-7].
Genotype C is also associated with a lower rate of hepatitis
B e antigen (HBeAg) seroconversion and a lower response
rate to alpha interferon therapy compared to genotype B[8,9].
However, the association between HBV genotype and the
risk of developing HCC is still controversial[4,10-12]. In addition,
the impact of HBV genotype on clinical features and
prognosis of patients with HCC remains unclear. Thus, the
aim of this study was to determine the role of HBV genotypes
on clinical severity of patients with chronic liver disease,
particularly those with HCC.
MATERIALS AND METHODS
Subjects
Serum samples were obtained from 470 patients with chronic
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HBV infection who had undergone long-term follow-up at
Chulalongkorn Memorial Hospital (Bangkok, Thailand), and
the National Blood Center, Thai Red Cross, between August
1997 and August 2003. All patients were positive for Hepatitis
B s antigen (HBsAg), as determined by the use of a commercially available enzyme-linked immunosorbent assay kit
(Abbott Laboratories, Chicago, IL). Of these, patients who
were positive for hepatitis C virus antibody (anti-HCV) and
those who had another potential cause of chronic liver
disease were excluded. Patients who had previously been
treated with antiviral therapy were excluded. The patients were
clinically classified into four groups including asymptomatic carrier, chronic hepatitis, cirrhosis and HCC. Asymptomatic carrier was diagnosed by periodical examination of
normal serum alanine aminotransferase (ALT) level for at
least 1 year. Chronic hepatitis was diagnosed by the presence
of prolonged elevation of serum ALT level, and confirmed
by histologic examinations. The degree of hepatic
inflammation and fibrosis was graded according to modified
Knodell histology index[13]. Cirrhosis was diagnosed based
on histologic examinations and/or imaging studies, and its
severity was subsequently classified based on Child’s criteria.
HCC was established by histopathology and/or a combination
of mass lesions in the liver on hepatic imaging and serum
alpha-fetoprotein (AFP) levels above 400 IU/mL. The staging
of HCC was classified according to CLIP criteria[14].
Serum samples were collected from each patient at the
time of their clinical evaluation and stored at -70 ℃ until
further tests were performed. All patients were informed
regarding the purpose of exterminating the etiologies of
liver disease and their written consent were obtained. The
study was approved by the Ethics Committee, Faculty of
Medicine, Chulalongkorn University.
HBV-DNA extractions
DNA was extracted from 100 L serum with proteinaseK/SDS in Tris buffer, followed by phenol/chloroform
extraction and ethanol precipitation. The pellet was dissolved
in 30 L sterile water and directly subjected to PCR-based
amplification.
HBV-DNA detection
HBV-DNA was amplified in an automated thermocycler
(Perkin Elmer Cetus, Branchburg, NJ), using the primer
sequences previously described[15]. The forward primer was
P1 (nt 2823-2845: 5’-TCACCATATTCTTGGGAACAAGA);
the reverse primer was P2 (nt 80-61: 5’-TTCCTGAACTGGAGCCACCA). The primers were located in conserved
genomic regions to ensure a high sensitivity for the amplification of all HBV genotypes. Two microliters of DNA
sample were combined with a reaction mixture containing
20 L of 2.5×Eppendorf MasterMix (Hamburg, Germany),
1 mol/L P1, 1 mol/L P2 and sterile water, in a final
volume of 50 L. PCR was performed under the following
conditions: After an initial 2-min denaturation step at 94 ℃,
35 cycles of amplification were performed, each including
30-s denaturation at 94 ℃, 30-s annealing at 55 ℃ and
30-s extension at 72 ℃, followed by a final 10-min extension
at 72 ℃. Each amplified DNA sample (10 L) was added
to a loading buffer and run on a 2% agarose gel (FMC
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Bioproducts, Rockland, ME) at 100 V for 60 min. The
479-bp product stained with ethidium bromide on preparation
was visualized on a UV transilluminator.
PCR-RFLP analysis for genotyping
PCR products were subjected to RFLP analysis, using
restriction endonuclease AvaII and DpnII (New England
Biolabs, Beverly, MA) to determine the HBV genotype.
Briefly, 10 L of PCR product was mixed with 1.5 L of
10×buffer, 3 L of sterile water and 0.5 L (5U) of AvaII
and DpnII, respectively, in separate reactions and incubated
at 37 ℃ for 3.5 h. After incubation, the samples were run on
a composite gel containing 2% NuSieve agarose (FMC
BioProducts, Rockland, ME) and 1% standard agarose. The
sizes of the RFLP products, visible under UV light as a
result of prior ethidium bromide staining, served to identify
the various HBV genotypes based on the polymorphism
patterns[15].
Serological and virological assays
HBeAg was determined using commercially available
enzyme-linked immunosorbent assay kit (Abbott Laboratories,
Chicago, IL). Serum HBV-DNA level was quantified using
a commercial kit (Amplicor HBV Monitor, Roche Diagnostics,
Tokyo, Japan). The detection range of this assay was from
2.7 to 8.7 log genome equivalents/mL (LGE/mL).
Statistical analysis
Data were presented as percentage, mean and standard
deviation. 2 test, unpaired t test, and ANOVA were used
to assess the statistical significance of the difference between
groups where appropriate. Survival curves were established
using the Kaplan-Meier method and differences between
curves were verified using the log-rank test. Cox regression
analysis was performed to identify which indepe-ndent
variables would have a significant influence on the overall
survival. P values below 0.05 were considered statis-tically
significant. All statistical analyses were performed using SPSS
10.0 software for Windows (SPSS, Inc., Chicago, IL).

RESULTS
Distribution of HBV genotypes in patients with chronic HBV
infection
Of the 470 patients enrolled in this study, HBV-DNA was
detected in 332 patients (70.6%). Our data showed that the
most common HBV genotypes were genotypes C and B,
which were found in 243 (73.2%) and 69 (20.8%) patients,
respectively. The remaining 20 cases included 11 (3.3%)
with genotype A and 9 (2.7%) with unclassified genotype.
The demographic and clinical data of 332 patients with
different stages of chronic HBV infection are shown in
Table 1. Male-to-female ratio of asymptomatic carriers was
significantly lower than the other groups (P = 0.002). Mean
age was significantly higher in patients with cirrhosis and
HCC than in the other two groups (P = 0.001), and positive
HBeAg rate was significantly higher in patients with chronic
hepatitis than in other groups (P = 0.001). Although genotype
C was the most common genotype in each group, no significant
differences were observed with respect to the distribution
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Table 1 D emographic and clinical dat a of 332 patient s wit h chronic HBV infect ion
Diagnosis
Carrier
CH
Cirrhosis
HCC

n

Sex (m/f)

Age (yr)

ALT (U/L)

HBeAg positive

Genotype
A

B

C

U

93

57/36

30.9±10.6

27.5±4.5

42/82 (51.2)

2 (2.2)

16 (17.2)

73 (78.4)

2 (2.2)

103
60

84/19
47/13

36.2±10.1
48.8±13.8

157.4±103.8
135.0±90.9

61/92 (66.3)
26/53 (49.1)

5 (4.9)
2 (3.3)

20 (19.4)
10 (16.7)

76 (73.8)
44 (73.3)

2 (1.9)
4 (6.7)

76

60/16

54.4±12.9

107.8±107.4

15/71 (21.1)

2 (2.6)

23 (30.3)

50 (65.8)

1 (1.3)

CH, chronic hepatitis; HCC, hepatocellular carcinoma; U, unclassified genotype. Quantitative variables are expressed as mean±SD; categorical variables are expressed
as n (%).

of the genotypes in various stages of chronic HBV infection
(P = 0.16).
Clinicopathologic differences between genotypes B and C in
chronic hepatitis
Because the number of patients with genotype A was less,
only genotypes B and C were included for further analysis
of clinicopathologic differences between genotypes. As
shown in Table 2, patients with genotypes B and C were
comparable with respect to sex, age and total bilirubin. The
rate of positive HBeAg in patients with genotype B was
significantly lower than that in patients with genotype C
(44.4% vs 71.6%, respectively, P = 0.03). Mean ALT level
was also significantly lower in patients with genotype B
than those in patients with genotype C (119.8±58.5 and
159.8±106.4 IU/L, respectively; P = 0.03), but HBV-DNA
levels were comparable between them (7.25±1.74 and
7.10±1.34 LGE/mL, respectively; P = 0.78). Patients with
genotype B had a lower score of both necroinflammation
activity and fibrosis than those with genotype C, but the
differences were not statistically significant (5.8±2.1 and
1.5±1.0 vs 6.7±2.1 and 1.8±0.9, P = 0.51 and 0.47,
respectively).

with genotype B tended to have lower mean ALT and HBVDNA levels than those with genotype C, but the difference
was not statistically significant (101.5±49.0 IU/L and
6.59±1.20 LGE/mL vs 133.7±93.4 IU/L and 7.05±2.50
LGE/mL, P = 0.14 and 0.12, respectively).

Clinical differences between genotypes B and C in cirrhosis
There were no significant differences in gender, total
bilirubin, serum albumin, and child classification between
groups of patients, as shown in Table 3. The mean age of
patients with genotype B tended to be older than those
with genotype C (54.7±9.2 vs 47.4±14.4 years, respectively,
P = 0.06). The positive rate of HBeAg in patients with
genotype B was significantly lower than that in patients with
genotype C (11.1% vs 56.8%, respectively, P = 0.01). Patients

Clinical differences between genotypes B and C in HCC
The clinical data of 73 patients with HCC were compared
according to HBV genotype, as shown in Table 4. Between
the two groups, there were no significant differences in
gender, total bilirubin, ALT, serum albumin, AFP and HBVDNA levels, tumor staging according to CLIP criteria.
However, the mean age of patients with genotype B was
significantly older than those with genotype C (61.1±9.8 vs
51.3±13.1 years, respectively, P = 0.001). Four of 22 patients
(18.1%) with genotype B were positive for HBeAg, whereas
11 of 49 patients (22.4 %) with genotype C were positive
for this marker, but the difference was not statistically
significant (P = 0.68). When patients with HCC were
stratified by age (Figure 1), none of the patients with genotype
B was younger than 40 years, whereas nine patients (18 %)
with genotype C were younger than 40 years (P = 0.03). On
the contrary, 13 patients (56.5%) with genotype B were
older than 60 years, whereas 13 patients (26 %) with genotype
C were older than 60 years (P = 0.01).
The Kaplan-Meier survival curves demonstrated that
the overall median survival for patients with genotypes B
and C were 5.5 and 7.3 mo, respectively (P = 0.81, using logrank test) (Figure 2). For patients who were treated with
any specific therapeutic modality, the median survival for
the genotype B and C groups were 11.5 and 12.4 mo,
respectively (P = 0.97). In the untreated cases, the median
survival of the genotype B and C groups were 4.5 and 4.0 mo,

Table 2 D em og ra ph ic a nd c li ni ca l da t a o f pa t i en t s w it h
chronic h epatitis

Table 3 D e mo gr aph ic an d cl ini ca l dat a of pa t i ent s wi t h
cir rhos is

Characteristics

Characteristics

Genotype B
(n = 20)

Age (yr)
35.1±9.6
Sex (male/female)
16/4
Total bilirubin (mg/dL)
0.8±0.2
ALT (IU/L)
119.8±58.5
HBeAg positive
8/18 (44.4)
HBV DNA (LGE/mL)
7.25±1.74
HAI inflammation
5.8±2.1
HAI fibrosis
1.5±1.0

Genotype C
(n = 76)
36.4±10.3
65/11
0.7±0.3
159.8±106.4
53/74 (71.6)
7.10±1.34
6.7±2.1
1.8±0.9

P
NS
NS
NS
0.03
0.03
NS
NS
NS

Quantitative variables are expressed as mean±SD. Categorical variables are
expressed as n (%). HAI inflammation, sum of necroinflammatory scores of
histology activity index. HAI fibrosis, sum of fibrosis scores of histology activity
index.

Age (yr)
Sex (male/female)
Total bilirubin (mg/dL)

Genotype B
(n = 10)
54.7±9.2
8/2

Genotype C
(n = 44)
47.4±14.4
35/9

P

0.06
NS

1.4±0.8

2.2±1.2

NS

ALT (IU/L)

101.5±49.0

133.7±93.4

NS

Albumin (g/dL)
HBeAg positive

3.7±0.4
1/9 (11.1)

3.8±0.5
25/44 (56.8)

NS
0.01

HBV DNA (LGE/mL)

6.59±1.20

7.05±2.50

NS

24/15/5

NS

Child classification (A/B/C) 7/2/1

Quantitative variables are expressed as mean±SD. Categorical variables are
expressed as n (%).
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DISCUSSION
Identification of host and viral factors leading to severe liver
damage and to the development of HCC may have important
clinical implications in the management of patients with
chronic HBV infection. There are now increasing data suggesting that HBV genotypes may play an important role in
causing different disease profiles in chronic HBV infection.
Most studies on HBV genotype and its clinical relevance
have been performed in Asia and restricted to comparisons
between genotypes B and C, which are the two most common
HBV genotypes in this region accounting for more than 90%
of cases[6,16,17]. Current available data from this region demonstrate that HBV genotype C is more commonly associated
with severe liver diseases and the development of cirrhosis
compared to genotype B[4-7] . In addition, patients with
genotype C infection, compared to those with genotype B,
are more frequently HBeAg positive and display higher HBVDNA levels that may contribute to multiple episodes of acute
flares and progression of liver disease[18]. Taken together,
these data suggest that patients with genotype C have a
tendency to exhibit more severe liver disease than those
with genotype B.
In agreement with previous studies[17,19], our study demonstrated that genotype C and B were the predominant strains,
accounting for approximately 75% and 20% of patients,

Table 4 Demographic and clinical data of patients with HCC
Characteristics

Age (yr)

Genotype B
(n = 23)
61.1±9.8

Sex (male/female)
Total bilirubin (mg/dL)
ALT (IU/L)

20/3
2.1±2.0
95.5±102.6

Genotype C
(n = 50)

P

51.3±13.1

0.001

38/12

NS

2.9±4.9
121.4±126.1

NS
NS

respectively. In this respect, it would appear that the prevalence
of HBV genotypes in Thailand is comparable to that
reported from Japan and China [6,16] , but differs from the
distribution observed in Taiwan, where HBV genotype B
is more common than genotype C[4,20] . Interestingly, the
prevalence of genotype B and C in patients with HCC in
our study was comparable to that in asymptomatic carrier,
chronic hepatitis and cirrhosis. The equal distribution of
genotypes B and C among various stages of chronic liver
disease is consistent with previous reports conducted in
Japan[6,11], but it contradicts the observations from other
studies[4,7,16]. Hence, our data suggest that although genotype
C is the most prevalent strain in Thailand, the risk of development of HCC may not be different between genotypes Band C-related chronic liver disease.
The predominance of HBV genotypes B and C allows
the comparison of clinical outcomes of patients who are
chro-nically infected with these two HBV strains. Our results
showed that the mean ages among asymptomatic carriers
and chronic hepatitis were comparable between patients with
genotypes B and C. However, the mean age of patients with
genotype C tended to be older than those with genotype B
in cirrhotic group. Interestingly, the divergence in the mean
age of patients with genotypes B and C was more noticeably
in those with HCC. Given that the majority of Thai patients
acquire HBV infection vertically from their mothers at birth
or horizontally during early childhood from carrier family
members, their age would probably serve as a reasonable

100
Genotype B
Percentage (%)

respectively (P = 0.85).
HBV genotype was entered into Cox regression analysis
together with other variables that would influence prognosis.
These included sex, age, HBeAg, HBV-DNA level, CLIP
stage and therapy for HCC. The multivariate analyses
revealed that independent unfavorable factors of overall
survival included CLIP stage and lack of therapy for HCC
(Table 5). However, the HBV genotype was not selected as
an independent predictor of survival.

80
Genotype C
60
40
20
0

≤40

41-50
51-60
Age (yr)

Figure 1 HBV genotypes B and C in 73 patients with HCC.

Albumin (g/dL)

3.4±0.7

3.5±0.5

NS

HBeAg positive

4/22 (18.1)

11/49 (22.4)

NS

6.52±2.63
42 032.6±89 382.8

NS
NS

100

8/25/17

NS

80

CLIP score

5/7/11

(0–1/2–3/4–6)
Quantitative variables are expressed as mean±SD. Categorical variables are
expressed as n (%).

Table 5 Mult iv ariat e analy sis of unfavorable factors of survival in patients wit h HCC, by using Cox regression analysis
Factors

Risk ratio

95%CI

P

CLIP stage

4.63

1.70–12.62

0.003

No therapy

6.22

2.54–15.22

0.001

Genotype B
Survival rate (%)

HBV DNA (LGE/mL)
6.71±1.62
AFP (IU/mL)
42 485.2±95 590.9

≥61

Genotype C
60
40
20
0
0

10 20 30 40 50 60
Time (mo)

70

Figure 2 Overall survival of HCC patients with HBV genotypes B and C.
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surrogate for the duration of HBV infection, regardless of
the viral genotype. Our results also showed that patients
with genotype C had a tendency of higher ALT, necroinflammatory scores and HBV-DNA levels than patients with
genotype B. Moreover, patients with genotype C had a
significantly higher prevalence of HBeAg positivity, particularly
among patients with chronic hepatitis and cirrhosis, but the
difference seemed to be disappearing upon the disease
progression to HCC. Although HBeAg is a marker of active
viral replication, the disappearance of HBeAg with or
without seroconversion of antibody to HBeAg during the
course of chronic infection does not always imply disease
remission[21]. Collectively, it is reasonable to speculate that,
at least in our populations, patients with genotype C have a
trend for delayed HBeAg seroconversion and more prolonged
necroinflammatory process causing earlier development of
cirrhosis and HCC. Nonetheless, it would appear that there
is no difference in the risk between patients with genotypes
B and C in the progression to liver cancer.
Indeed, it is currently unclear whether a certain HBV
genotype is associated with a greater risk for progression
of cirrhosis to HCC. Studies from Taiwan and Japan have
demonstrated an increase in HCC development among
patients with HBV genotype C compared to genotype
B[4,6,12,20]. Similarly, a study conducted in China has suggested that genotype C may predispose to HCC, whereas genotype B has a relatively better prognosis[16]. On the contrary,
recent studies from Hong Kong and Japan have shown
that there is no difference in the risk of developing HCC
between patients with genotypes B and C[11,22]. Moreover, a
potential correlation between HBV genotype and the age
of the patients with HCC has been debated. Intriguingly,
the report from northern Taiwan has observed that genotype
B is associated with the development of HCC in patients
younger than 35 years of age, while those with genotype C
more frequently develop cancer after 50 years of age[4] .
This observation, however, has not been confirmed by
subse-quent studies from southern Taiwan and Japan[6,11,20].
In southern Taiwan, for example, there is no significant
difference in the mean age between HCC patients with
genotypes B and C[20]. By remarkable contrast, the mean
age of Japanese patients with genotype B is approximately
70 years compared to 55 years of those with genotype C[6].
In the present report, the mean age of HCC patients with
genotype B was significantly older than those with genotype
C (61 and 51 years, respectively). Thus, the age distribution
of HBV genotypes in Thai patients with HCC seems to
correspond with the report from Japan, but differs from
those studies from Taiwan.
The molecular virological factors responsible for this
discrepancy among countries remain largely unknown. It
has been postulated that the difference in the mean age
between Taiwanese and Japanese patients with HCC may
be partially influenced by the divergence of HBV subtypes
distributed among different geographic areas[23]. Recently,
two subtypes of HBV genotype B, namely Ba and Bj, have
been identified based on the phylogenetic analysis. It has
shown that genotype Ba consists of the recombination with
the precore/core region originating from genotype C, whereas
genotype Bj does not[24]. Genotype Bj is exclusively found
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in Japan, while genotype Ba is ubiquitous in other countries
in Asia, including Thailand[25]. Based on our data, however,
this postulation could not clarify the similarity in the mean
age between Thai and Japanese patients with HCC, and the
diversity between Thai and Taiwanese patients. Thus, it is
likely that other as yet unrecognized virological factors might
act as potential variables influencing the development of
HCC in patients with chronic liver disease, even though
they are infected with HBV of the same genotype. In
addition, discrepancies regarding the role of HBV genotype
might be related to variability of host and environmental
factors in different geographic areas, such as genetic polymorphism and aflatoxin exposure.
Regarding the impact of HBV genotypes on the
prognosis of HCC, a prospective study in Japan demonstrates that patients with genotype C tend to have relatively
poor clinical outcomes after transcatheter arterial embolization (TACE) therapy compared with those with genotype
B[26] . This finding is consistent with a recent report from
Taiwan indicating that patients with genotype C exhibit a
greater recurrent rate after curative resection of the tumor
compared with those with genotype B[27] . However, our
findings showed that the clinical features at presentation
and overall survival of patients with HCC did not depend
on the HBV genotype. The similarity of the tumor characteristics and clinical outcome of patients with genotypes B
and C in this study was supported by the data of a recent
case-control report conducted in Hong Kong[28]. Therefore,
it would appear that in Thai populations, once HCC has
developed, the course of the disease might be independent
of the underlying HBV infection because the proportion
of surviving patients is similar, irrespective of the infecting
genotype. It should also be noted that overall median survival
observed in this study was much shorter compared to other
reports. The low survival rates in Thai patients with HCC
in this study in part resulted from advanced stages of the
cancer at the time of the diagnosis, while only minorities
had an early detection in the course of follow-up programs.
In summary, our study demonstrated that patients with
HBV genotype C, compared to those with genotype B, had
a higher positive rate of HBeAg and exhibited earlier
progression of cirrhosis and HCC. Genotype by itself,
however, might not be responsible for an increased oncogenic
effect because there was no difference in the risk of developing HCC and its prognosis between patients with genotypes
B and C. Further large-scale prospective studies, which offer
advantages over cross-sectional investigations, are needed
to establish the existence of these observations in the future.
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Abstract
AIM: To investigate the ornithine decarboxylase (ODC)
gene expression in colorectal carcinoma, ODC mRNA was
assayed by RT-PCR and ODC protein was detected by a
monoclonal antibody against fusion of human colon ODC
prepared by hybridoma technology.
METHODS: Total RNA was extracted from human
colorectal cancer tissues and their normal counterpart
tissues. ODC mRNA levels were examined by RT-PCR.
ODC genes amplified from RT-PCR were cloned into a
prokaryotic vector pQE-30. The expressed proteins were
purified by chromatography. Anti-ODC mAb was prepared
with classical hybridoma techniques and used to
determine the ODC expression in colon cancer tissues by
immunohistochemical and Western blotting assay.
RESULTS: A cell line, which could steadily secrete antiODC mAb, was selected through subcloning four times.
Western blotting reconfirmed the mAb and ELISA showed
that its subtype was IgG2a. RT-PCR showed that the ODC
mRNA level increased greatly in colon cancer tissues
(P <0.01). Immunohistochemical staining showed that
colorectal carcinoma cells expressed a significantly higher
level of ODC than normal colorectal mucosa (98.6±1.03%
vs 5.26±5%, P<0.01).
CONCLUSION: ODC gene overexpression is significantly
related to human colorectal carcinoma. ODC gene expression
may be a marker for the gene diagnosis and therapy of
colorectal carcinoma.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer is one of the most common cancers in
the world and the second leading cause of cancer death in
the USA[1,2] , and the fourth rate of mortality in China[3] .
Therefore, efficient diagnostic and therapeutic approaches
are important for colorectal carcinoma research. Laboratory
testing and screening are potentially favorable to the
outcome and survival rate of patients. Studies have been
directed on identifying markers for the development of
colorectal cancer [4,5] . Among the biochemical alterations
found in cancer cells, polyamine content is one of the most
consistent changes[6]. Polyamines are highly charged cations
found in all living cells. They are essential for the maintenance
of cell proliferation and differentiation, and macromolecule
biosynthesis by interacting with nucleic acids, proteins and
membranes. Polyamine synthesis is one of the early events
occurring during the G1 phase of the cell cycle and cell
division[7]. Ornithine decarboxylase (ODC) is the first ratelimiting enzyme in the polyamine biosynthesis pathway[8],
and plays a critical role in cell transformation[9]. ODC has
been implicated as an essential promoter of cell proliferation.
It has recently been postulated that the ODC gene may act as
an oncogene since overexpression of this gene is essential for
cell transformation. Polyamine content as well as ODC activity
have been found to be increased significantly in adenocarcinoma
tissues compared to paired normal tissues [10,11]. It is,
therefore, suggested that ODC activity may be used as a
biologic marker for the tumor growth rate and biological
aggressiveness[12]. There is, however, little information on
the mRNA and protein status of ODC in surgical specimens
of adenocarcinoma.
In our previous studies, we constructed the human ODC
expression vectors and obtained the expressed proteins[13].
In the current study, we developed an anti-ODC monoclonal
antibody using the recombinant human ODC protein. Using
the monoclonal antibody, we compared the ODC protein
expression level in colon cancer tissues with normal colon
tissues. We also compared the ODC mRNA level in colon
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cancer tissues with the surrounding uninvolved mucosa. The
results indicate that ODC mRNA and protein expressions
in cancer tissues are much higher than those in normal tissues.

MATERIALS AND METHODS
Tissue samples
Eighty-eight paraffin colorectal tissue specimens and 62
fresh specimens were collected by colonoscopy or surgical
resection. All patients had no radiation therapy or
chemotherapy before surgery. Among these, 100 samples
were taken from sporadic colorectal carcinoma and 50
samples of normal colon mucosa were taken from 15 cm
apart from the neoplasm.
Cloning, expressing and purifying of human ODC protein
ODC cDNA was synthesized by RT-PCR using total RNA
template extracted from human colon cancer tissues. An
ODC gene expression vector pQE-ODC was established
by inserting ODC cDNA into an expression vector pQE30, which had a 6-His tag. The protein was purified by NiNTA affinity chromatography[13].
Preparation of monoclonal antibody
BALB/c female mice were immunized with the prepared
ODC protein directly administered into the spleen by about
20 g/mouse and reimmunized every two weeks
intraperitoneally by about 5 g/mouse and administered
intravenously 5 d before the mice were killed. A spleen cell
suspension was prepared as shown by Gerhard et al[14].
BALB/c (sp2/0-Ag14) myeloma cells were mixed with
immune spleen cells at 1:10. The antibodies in the supernatant
of cell clones were tested by ELISA and the positive
hybridoma cells were recloned four times in HAT medium
by limiting dilution. The subtype of mAb was analyzed with
ELISA.
Testing mAb by Western blotting
Standard ODC protein and purified ODC protein were
separated by standard SDS-PAGE techniques and transferred
to a cation nylon membrane. The proteins were detected
using the anti-ODC antibody purified from ascites.
Immunoreactive proteins were detected using HRP-goat
anti-mouse IgG.
Immunohistochemical test by anti-ODC antibody
Tissues were fixed in 96% ethanol for 6 h at 4 ℃, embedded
in paraffin, and cut into 5-m thick sections. The sections
were deparaffinized in xylol, rehydrated through graded
ethanol, washed with PBS-Tween, and incubated for 2 h at
room temperature in a humidified chamber with 100 L
of the anti-ODC mAb at 1:1 000 dilution. The slides were
washed and incubated with HRP-labeled rabbit anti-mouse
IgG (Dako) diluted in PBS with 100 g/L BSA for 1 h at
room temperature. After being washed, the HRP was
visualized by development with chromogenic agents.
The staining intensity was graded as follows: -, no staining;
+, weak staining; ++, moderate staining; and +++, strong
staining.
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RNA isolation and reverse transcriptase polymerase chain
reaction (RT-PCR)
Total RNA was extracted from normal and cancer tissues,
respectively. The method of RNA extraction was similar to
the TRIzol RNA extraction protocol (Life Technologies Inc.).
The concentration of RNA extracted was determined at
wavelength of 260 nm using a U-2000 spectrophotometer
(HITACH Ltd, Tokyo, Japan). The sequences of ODC
primers were as follows: up-stream primer: 5’-GCAGGATCCACCATGAACAACTTTGGTAA -3’, down-stream
primer: 5’- GCCGAGATCTCAGAAGAAGAAACTTC -3’.
This pair of primers could span a 120-bp fragment of human
ODC exon 3. Human -actin was used as a control. Ten
microliters of each amplification reaction were analyzed by
electrophoresis using 1.2% agarose gel in the presence of
5 ng/mL ethidium bromide. DNA was detected under UV light.

RESULTS
Determination of anti-ODC mAb by enzyme linked immunosorbent
assay and Western blotting
ELISA showed that the mAb could immunobind to
recombinant human ODC and standard ODC protein
(Sigma). ELISA showed that the immunoglobulin produced
by the positive clone was the IgG2a type.
Western immunoblotting showed that the mAb bound
to the ODC protein (Figure 1).

←50 ku

Figure 1 mAb binding to 50 ku ODC protein as shown by Western blotting.

Detection of ODC in colorectal carcinoma by immunohistochemical
staining
Tumor histotype and grade of differentiation were defined
according to the WHO criteria[15]. Immunohistochemical
staining of human colorectal carcinoma using ODC mAb
demonstrated staining in cytoplasm. Density staining in deep
brown color could be seen in most of the carcinoma tissues
while only a few faint stainings were in the normal tissues
(Figure 2). The staining intensity showed that ODC protein
expression in cancer tissue was much higher than that in
normal tissue, but there was no significant difference among
different histologic grades of the tumor (Table 1). There
was no difference between Duck’s stages A/B and C/D.
ODC mRNA expression analysis
RT-PCR showed that the expressed ODC mRNA in
colorectal carcinoma tissues was significantly higher than
that in normal tissues (P<0.01). There was no difference
between male and female cases. Among the 27 well-tomoderately differentiated cancer samples, 9 were overexpressed and 18 were highly-expressed. Three of four
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Figure 2 Immunohistochemical staining of colon tissues. A: Normal colon
tissue obtained 15 cm apart from neoplasm; B: Tissue from well-differentiated
adenocarcinoma; C: Tissue from moderately differentiated adenocarcinoma; D:

Tissue from poorly differentiated mucinous adenocarcinoma; E: Tissue from
undifferentiated carcinoma.

Table 1 Immunohistochemical assay of ODC protein in colorectal carcinoma
Histological grade and Duck’s stage

–

Normal

+

++

+++

Total

Positive rate (%)

Pb

18

1

0

0

19

Grade 1 well differentiated

1

2

4

9

16

Grade 2 moderately differentiated

0

0

7

21

28

100

<0.01

Grade 3 poorly differentiated
Grade 4 undifferentiated

0
0

0
1

8
6

7
3

15
10

100
100

<0.01
<0.01

Duck’S A/B

1

1

11

17

31

Duck’s C/D

0

1

14

23

38

5
93.75

96.7
100

<0.01

<0.01
<0.01

b

P<0.01 vs normal tissue.

undifferentiated samples were over-expressed (Figure 3 and
Table 2). 2 test showed that there was no difference among
the different histologic grades, but there was a significant
difference between Duck’s stages AB/CD (P<0.05).

DISCUSSION
Polyamines, such as putrescine, spermidine and spermine,
play an important role in cell proliferation, differentiation,
and transformation. It has been proposed that urinary or
blood measurement might be a useful, non-invasive diagnostic
marker of colon cancer[16]. Since the intracellular polyamine
pool could be regulated by external factors, such as uptake
and excretion, the research outcome was disappointed. As
the first and rate-limiting enzyme, ODC is the most extensively
studied enzyme in polyamine metabolism. ODC protein is
50 ku as a monomer and about 100 ku when the active
dimer is formed. ODC synthesis is dramatically induced by
different growth stimuli, such as hormones, growth factors,
carcinogens, viruses and oncogenes. The regulation can

occur at the levels of transcription, translation and protein
degradation. The alterations in enzymes can occur very
quickly and change polyamine level in the end. ODC gene
is considered as an immediate early gene, and contains
response elements for several transacting factors, including
a cAMP [17] response element, a possible insulin response
element[18] and several Sp1 binding sites. In addition, ODC
gene expression has been tightly linked to transformation
by activated ras, v-src and myc[19]. So, recently, ODC gene has
been postulated as an oncogene, which is essential for cell
transformation[9,20,21]. It has been demonstrated that both
ODC and polyamine content analysis in biopsy specimens
can be very useful in the diagnosis of malignancy and
prognosis of breast cancer[22]. As to colorectal cancer ODC
was found in a very limited amount in quiescent cells and
its activity was found to be increased significantly in colon
adenocarcinoma and prostate tissue compared to normal
tissue from the same patients[23,24]. Polyp is a benign neoplasia
with a high risk of developing into colorectal cancer.
Increased ODC activity and polyamine concentrations have
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Table 2 ODC mRNA expression in normal and colorectal
tumor tissues

6

ODC mRNA expression (n)
Samples

←-actin
←ODC mRNA

Over

high

Total
(n)

P

Low
31
0

0
19

0
12

31
31

<0.01

0

9

6

15

>0.05

0

10

6

16

0

18

9

27

0

1

3

4

A/B

0

17

5

22

C/D

0

2

7

9

Normal
Tumor
Gender
Male
Female
Histologic grade
Well-to-moderately

Figure 3 ODC mRNA expression assay by RT-PCR. M: molecular weight
marker DL-2000. Lanes 1, 3 and 5: normal mucosa tissues. Lanes 2, 4 and 6:
malignant tissue samples. -actin was amplified as an internal control.

also been observed in the colon of presymptomatic familial
adenomatous polyposis patients[22].
In the present study, we compared the ODC gene
expression in human colorectal carcinoma with that in normal
colon mucosa. ODC mRNA was extracted from human
colon cancer tissues and ODC mRNA was detected by RTPCR. The results showed that the ODC mRNA level in
colorectal carcinoma was significantly higher than that in
contiguous normal colon mucosa. Furthermore, we found
that ODC gene expression was associated with the stage of
malignancy. These findings suggest that the increase of
ODC mRNA may play an important role in the process of
colorectal tumor progression. ODC cDNA was inserted
into an expression vector and the ODC gene expression
vector pQE-ODC was established. The vector with a 6-His
tag, which made the expression of ODC protein with about
95% purity, was used as a good immunogenic agent to
immunize the BALB/c mice. Monoclonal anti-ODC
antibody was produced by cell hybrids between hypoxanthine
phosphoribosyl transferase-deficient myeloma cells and
spleen cells of immunized mice. The antibody was the
IgG2a type.
ELISA and Western blotting showed that the mAb could
combine the standard ODC (EC4.1.1.17) protein. Staining
of colorectal tissues with ODC mAb showed a significant
difference between normal and tumor mucosae. The deep
brown staining could be found in gland cells of the tumor,
while there was no staining or weak staining in stoma cells.
The results suggested that there was a high concentration
of ODC protein in tumor cell cytoplasm. These changes
did not correlate with gender, histologic grade or Duck’s
stage, which confirmed that increase of ODC protein was
both an early event and a late event in patients with colon
cancer. RT-PCR showed that the ODC mRNA was much
higher in colon tumor tissues than in normal tissues. The
ODC mRNA expression was higher in Duke’s stages C/D
than A/B. In conclusion, changes in ODC mRNA and
protein content play an important role in the pathology of
human colorectal carcinoma, and ODC gene expression
may be a diagnosis and therapeutic marker of human
colorectal carcinoma.
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Abstract
AIM: To review the risk of proximal colon cancer in patients
undergoing colonoscopy.
METHODS: We estimated the risk of advanced proximal
adenomas and cancers in 6 196 consecutive patients that
underwent colonoscopy (mean age 60 years, 65% males,
without prior history of colorectal examination). Neoplasms
were classified as diminutive adenoma (5 mm or less),
small adenoma (6-9 mm), advanced adenoma (10 mm
or more, with villous component or high-grade dysplasia)
and cancer (invasive adenocarcinoma). The sites of
neoplasms were defined as rectosigmoid (rectum and
sigmoid colon) and proximal colon (from cecum to descending
colon).
RESULTS: The trend of the prevalence of advanced
proximal adenoma was to increase with severe rectosigmoid
findings, while the prevalence of proximal colon cancer
did not increase with severe rectosigmoid findings. Among
the 157 patients with proximal colon cancer, 74% had no
neoplasm in the rectosigmoid colon. Multivariate logisticregression analysis revealed that age was the main
predictor of proximal colon cancer and existence of
rectosigmoid adenoma was not a predictor of proximal
colon cancer.
CONCLUSION: Sigmoidoscopy is inadequate for colorectal
cancer screening, especially in older populations.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer is one of the leading causes of cancer
death in the USA and Europe. In USA, it was reported in
1998 that there are 144 300 patients with colorectal cancer
and approximately 56 600 deaths per year[1]. Recently, the
incidence of colorectal cancer has been increasing remarkably
in Japan and China, and nearly 37 000 deaths per year occur
in Japan[2,3]. In these countries, there is a proximal shift in the
subsite distribution of colorectal cancer [4-6], which is
associated with increase in age[7-11].
To reduce the high incidence, screening of colorectal
cancer in asymptomatic individuals has been advocated[12-14].
Fecal occult blood testing is widely used in colorectal cancer
screening and some prospective cohort studies with large
populations have shown that this kind of screening can
reduce the mortality of colorectal cancer[15-17]. Sigmoidoscopy
is an important screening method that has been proposed
as an alternative for fecal occult blood test. Endoscopy has
a higher sensitivity than fecal occult blood testing, especially
for adenoma. Sigmoidoscopy is simpler, faster, and better
tolerable than total colonoscopy, but the scope cannot reach
the proximal colon segment and therefore, may miss
proximal colon cancer. Previous studies reported that polyps
in rectosigmoid colon are associated with advanced proximal
neoplasms[18-25]. Thus, examination of the proximal colon is
recommended for patients with adenomas detected by
sigmoidoscopy[13]. On the other hand, studies have reported
that patients with proximal advanced neoplasms may have
no rectosigmoid adenoma[26-31].
In the present study, we prospectively collected and
analyzed the data from a large cohort of consecutive patients
who underwent total colonoscopy for specific reasons. Our
aim was to investigate the prevalence of advanced proximal
adenoma and cancer according to the findings in rectosigmoid
colon, and to find their risk factors.
MATERIALS AND METHODS
Patients
Data were collected from 11 520 consecutive patients who
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underwent colonoscopic examinations at the Department
of Gastroenterology, University of Tokyo, and its affiliated
hospitals between January 1997 and December 2002. Any
polyp found during the procedure was removed.
The following data were obtained from all patients: age
and gender, indication for colonoscopy, history of colorectal
cancer resection or polyp excision, colonoscopic findings
such as location and size of polyp or tumor, and histopathology
of polyp or tumor.
Excluded from this study were patients with histories
of colorectal cancer resection, colorectal polyp excision,
hereditary colorectal cancers (familial adenomatous polyposis
and hereditary non-polyposis colorectal cancer), inflammatory
bowel disease (ulcerative colitis and Crohn’s disease),
incomplete colonoscopy (unable to reach the cecum), poor
bowel preparation, and incomplete polypectomy or
unresected polyps. Patients with poor bowel preparation
were not included because it was difficult to detect small
polyps.
Colonoscopy
Colonoscopy was performed by skilled endoscopists, each
with more than 5 years of experience. Examination of the
cecum was attempted in each patient. Preparation of
colonoscopy consisted of whole-gut lavage with polyethylene
glycol-electrolyte solution 3-5 h before the examination.
Colonoscopy was performed using a video colonoscope.
Colorectal neoplasms
Histologic diagnosis of adenoma and adenocarcinoma was
based on the World Health Organization (WHO) criteria[32]
and confirmed by two pathologists. The location and size
of all polyps and tumors were recorded at the time of
colonoscopy. The location of polyps and tumors was
determined by the length of the colonoscope from the anus
at the time of examination. The size of polyps was measured
with open biopsy forceps at the time of examination.
The location of polyps and tumors was categorized into
two groups: rectosigmoid colon (sigmoid colon and rectum)
and proximal colon (from cecum to descending colon). In
patients with more than one polyp in either the rectosigmoid
or proximal segment of the colon, the most advanced lesion
in the segment was included in the analysis.
Findings in rectosigmoid and proximal colon were
divided into no neoplasm, diminutive, small, and advanced
adenomas, and cancer. Diminutive adenoma was defined
as tubular adenoma (5 mm or smaller in diameter), small
adenoma as tubular adenoma (6-9 mm in diameter), and
advanced adenoma as large adenoma (10 mm or larger
in diameter) and adenoma with a villous component or
high-grade dysplasia[33-35] . Findings such as hyperplastic,
inflammatory, and juvenile polyps, or lymphoid aggregation
were considered as non-neoplastic lesions and not included
in any analyses.
Statistical analysis
Multivariate logistic-regression analysis was used to estimate
the odds ratios of proximal advanced adenoma and cancer,
categories of age, and gender, indication for colonoscopy,
and rectosigmoid findings. Data were analyzed using
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Bonferroni’s method. P<0.05 was considered statistically
significant.

RESULTS
Patients
During the study period, colonoscopy was performed in
11 520 patients, 5 324 of them were excluded on the basis
of the following reasons: history of colorectal polyp
excision (n = 3 340), colorectal cancer resection (n = 328),
hereditary colorectal cancer (n = 6), inflammatory bowel
disease (n = 298), incomplete polypectomy (n = 540),
incomplete colonoscopy (n = 490), and poor bowel
preparation (n = 322). The remaining 6 196 patients were
included in this study (Table 1).
Among these 6 196 patients, 3 999 (64.5%) were males
and 2 197 (35.5%) were females. The mean age of the
patients was 60.1 years. The indications for colonoscopy
were categorized into asymptomatic, positive FOBT, and
symptomatic groups. Asymptomatic group was composed
of 575 patients who underwent screening colonoscopy
without any abdominal symptom and fecal occult blood
test. FOBT group was composed of 2 500 patients who
had positive fecal occult blood test in mass screening.
Symptomatic group was composed of 3 121 patients who
complained of abdominal symptoms (lower gastrointestinal
bleeding, lower abdominal pain, altered bowel habit, etc.).
Table 1 Characteristics of all included patients (n = 6 196)
Variable

Value (%)

Gender
Male
Female

3 999 (64.5)
2 197 (35.5)

Age (yr)
–49
50–59
60–69
70–
mean±SD
Indications for colonoscopy
Asymptomatic
Positive for fecal occult blood
Symptomatic
Bleeding
Lower abdominal pain
Altered bowel habit
Anemia
Elevated CEA
Other reasons

1 166 (18.8)
1 618 (26.1)
1 860 (30.0)
1 552 (25.0)
60.1 (13.3)
575 (9.3)
2 500 (40.3)
3 121 (50.4)
922
861
634
261
212
231

Findings in rectosigmoid colon
Among the 6 196 patients, 1 951 were positive and 4 245
negative for neoplasms in the rectosigmoid colon. Histology
of the neoplasms in the rectosigmoid colon showed that
598 patients had diminutive adenomas, 500 patients had
small adenomas, 673 patients had advanced adenomas (466
with tubular adenomas, 76 with adenomas with villous
histology, and 131 with adenomas with high-grade dysplasia),
and 180 had cancer. One thousand three hundred and
twenty-nine patients had a single neoplasm and 622 had
two or more neoplasms (Table 2).

Okamoto M et al. Rectosigmoid colon and proximal colon cancer
Table 2 Findings in rectosigmoid and proximal colon of all
patients (n = 6 196)
Rectosigmoid colon

Proximal colon

Findings
Number of patients (%) Number of patients (%)
No neoplasm

4 245 (68.5)

3 991 (64.4)

Histology of most advanced lesion
Diminutive adenoma1

598 (9.7)

968 (15.6)

Small adenoma2

500 (8.2)

561 (9.1)

Advanced adenoma 3

673 (10.9)

519 (8.3)

Cancer

180 (2.9)

157 (2.5)

1 329 (21.4)

1 173 (18.9)

622 (10.0)

1 032 (16.7)

No. of lesions
One
Two or more

1
Tubular adenoma (5 mm or less in diameter) 2Tubular adenoma (6–9 mm in
diameter) 3Tubular adenoma (10 mm or more in diameter), villous histology,
or severe dysplasia.

Prevalence of advanced proximal adenoma
The prevalence of advanced proximal adenoma was analyzed
based on the findings in rectosigmoid colon (Table 3).
The prevalence of advanced proximal adenoma was
6.2% (95% CI, 5.5-6.9) in the 4 245 patients with no
rectosigmoid neoplasm, 6.9% (95% CI, 4.8-8.9) in the 598
patients with diminutive rectosigmoid adenomas, 12.0%
(95% CI, 9.2-14.8) in the 500 patients with small rectosigmoid
adenomas, 18.1% (95% CI, 15.2-21.0) in the 673 patients
with advanced rectosigmoid adenomas, and 17.8% (95%
CI, 12.2-23.4) in the 180 patients with rectosigmoid cancer.
One hundred and fifty of 1 329 patients with a single
neoplasm had advanced proximal adenomas (11.3%, 95%
CI, 9.6-13.0), and 105 of 622 patients with two or more
rectosigmoid neoplasms had advanced proximal adenomas
(16.9%, 95% CI, 13.9-19.8).
The prevalence of advanced proximal adenoma
increased with increasingly rectosigmoid findings.
Prevalence of proximal colon cancer
The prevalence of proximal colon cancer was analyzed
according to the findings in rectosigmoid colon (Table 3).
The prevalence of proximal cancer was 2.7% (95% CI,
2.2–3.2) in the 4 245 patients without rectosigmoid neoplasm,
1.8% (95% CI, 0.8-2.9) in the 598 patients with diminutive
rectosigmoid adenomas, 2.8% (95% CI, 1.4-4.2) in the 500
patients with small rectosigmoid adenomas, 2.2% (95% CI,
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1.1-3.3) in the 673 patients with advanced rectosigmoid
adenomas, and 0.6% (95% CI, 0.0-1.6) in the 180 patients
with rectosigmoid cancer.
Twenty-seven of 1 329 patients with a single neoplasm
had proximal cancer (2.0%, 95% CI, 1.3-2.8), and 14 of
622 patients with two or more rectosigmoid neoplasms had
proximal cancer (2.3%, 95% CI, 1.1-3.4).
The prevalence of proximal colon cancer was not
associated with severe rectosigmoid findings.
Findings in patients with proximal advanced adenoma and
cancer
Among the 6 196 patients, 519 patients had proximal
advanced adenoma, 264 of these 519 patients had no
neoplasm in the rectosigmoid colon (50.9%). Moreover,
among 157 patients with proximal colon cancer, 116 had
no neoplasm in the rectosigmoid colon (73.9%).
Risk for proximal colon cancer and advanced adenoma
Among the 6 196 patients in this study, multivariate analysis
showed that only age was significantly associated with the
risk for proximal colon cancer (Table 4). Patients aged 70 years
or more showed a markedly increased risk for proximal
cancer (odds ratio 35.6; 95% CI 8.7-145.2) compared with
patients aged 49 years or less. Gender and rectosigmoid
colon findings were not associated with significant differences
in the risk for proximal colon cancer.
On the other hand, age and gender were significantly
associated with the risk of advanced proximal adenoma.
Male patients showed increased risk of advanced proximal
adenoma (odds ratio 2.1; 95% CI, 1.7-2.6) compared with
female patients, and patients aged 70 years or more showed
increased risk for proximal cancer (odds ratio 3.5; 95% CI,
2.4-5.1) compared with patients aged 49 years or less.
Patients with diminutive adenomas in the rectosigmoid colon
were not associated with significantly increased risk for
proximal advanced adenoma (odds ratio 0.9: 95% CI, 0.6-1.3)
compared with patients without rectosigmoid neoplasm.

DISCUSSION
In developed countries, the incidence of proximal colon cancer
increases with a time trend[4-6]. Furthermore, proximal shift
of colorectal cancer is observed in the aged population[7-11].
With the aged population increase in developed countries,

Table 3 Prevalence of proximal advanced adenoma and cancer
Proximal findings
Advanced adenoma
Rectosigmoid findings

Number of pts
No neoplasm
Histology of most advanced neoplasm
Diminutive adenoma
Small adenoma
Advanced adenoma
Cancer
No. of neoplasms
One
Two or more

Cancer

Number of pts
(%)

(95% CI)

Number of pts

(%)

(95% CI)

4 245

264

(6.2)

(5.5–6.9)

116

(2.7)

(2.2–3.2)

598
500
673

41
60
122

(6.9)
(12.0)
(18.1)

(4.8–8.9)
(9.2–14.8)
(15.2–21.0)

11
14
15

(1.8)
(2.8)
(2.2)

(0.8–2.9)
(1.4–4.2)
(1.1–3.3)

180

32

(17.8)

(12.2–23.4)

1

(0.6)

(0.0–1.6)

1 329

150

(11.3)

(9.6–13.0)

27

(2.0)

(1.3–2.8)

622

105

(16.9)

(13.9–19.8)

14

(2.3)

(1.1–3.4)
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Table 4 Risk of proximal advanced adenoma and cancer according to gender, age, and rectosigmoid findings (multivariate
analysis)
Proximal colon
Advanced adenoma

Cancer

Variables
No. of pts

Odds ratio

(95%CI)

P

Odds ratio

(95%CI)

2 197
3 999

1
2.1

(Referent)
(1.7–2.6)

<0.0001

1
0.9

(Referent)
(0.6–1.3)

0.5287

1 166
1 618
1 860
1 552

1
2.5
3.1
3.5

(Referent)
(1.7–3.6)
(2.12–4.5)
(2.4–5.1)

<0.0001
<0.0001
<0.0001

1
10.0
13.8
35.6

(Referent)
(2.4–42.4)
(3.3–57.2)
(8.7–145.2)

0.0018
0.0003
<0.0001

4 245
598
500
673
180

1
0.9
1.6
2.5
2.6

(Referent)
(0.6–1.3)
(1.2–2.2)
(2.0–3.2)
(1.7–3.8)

0.4995
0.0019
<0.0001
<0.0001

1
0.7
1.0
0.8
0.2

(Referent)
(0.3–1.2)
(0.6–1.8)
(0.5–1.4)
(0.0–1.2)

0.1881
0.9731
0.4577
0.0726

P

Gender
Female
Male
Age (yr)
–49
50–59
60–69
70–
Findings of rectosigmoid colon
No neoplasm
Diminutive adenoma
Small adenoma
Advanced adenoma
Cancer

proximal colon cancer has had more significance. Therefore
it is of great significance to review the risk factor for the
proximal colon cancer.
Sigmoidoscopy is a vital procedure for screening colorectal
cancer[12-14]. If there was a reliable rectosigmoid marker for
the presence of clinically important proximal neoplasms or
if normal findings in the rectosigmoid colon were a reliable
marker for their absence, then sigmoidoscopic examination
could determine which patients should undergo total
colonoscopy.
The principal findings in this study are as follows: patients
with no rectosigmoid adenoma could indeed have proximal
colon cancer, which was not associated with rectosigmoid
findings. It is clear that a substantial number of colorectal
cancers would be missed if only sigmoidoscopy was
performed. In addition, old age is an important risk factor
for proximal colon cancer.
Studies reported that prevalence of advanced proximal
adenoma is related to sigmoidoscopic findings in total
colonoscopy[18-31]. According to these studies, the prevalence
of advanced proximal adenoma increases with rectosigmoid
findings. But the prevalence of proximal colon cancer in
association with rectosigmoid findings is rarely reported[28].
Levin et al [28], reported that the prevalence of proximal
cancer is not associated with rectosigmoid findings. But in
their study, the number of proximal cancer cases was less.
We used a large number of patients undergoing total
colonoscopy and analyzed the prevalence of both advanced
proximal adenoma and cancer. We found that the prevalence
of advanced proximal adenoma increased in association
with rectosigmoid findings. On the other hand, the prevalence
of proximal colon cancer did not show such a tendency.
Studies reported that the prevalence of rectosigmoid
adenoma in cases of proximal colon cancer is not associated
with rectosigmoid neoplasms[36-38]. Rex et al[39], carried out a
prospective study on the prevalence of distal adenoma in
cases of proximal colon cancer, and reported that 66% of
the proximal cancer cases have no distal adenoma. In our
present study, 74% of the proximal colon cancer cases
lacked rectosigmoid adenoma, which is consistent with
what was reported in previous studies[36-39]. Moreover, about

3% of the patients with no rectosigmoid adenoma in our
cohort had proximal colon cancer.
Imperiale et al[27], reported that distal polyps, older age,
and male sex were the risk factors of advanced proximal
neoplasia including advanced adenoma and invasive cancer.
However, the risk for proximal cancer alone was not
addressed. In the present study, multivariate logistic-regression
analysis revealed that old age, male sex and rectosigmoid
small or advanced adenoma were risk factors for advanced
proximal adenoma. On the other hand, only old age was a
risk factor, but not the male sex or rectosigmoid findings
for proximal cancer. These results suggest that sigmoidoscopy
is an insufficient screening procedure for detecting proximal
cancer, especially in older subjects. Our previous study[7]
reported that with advancing age, there is a tendency of a
proximal shift of colon cancer, but the distribution of
adenoma is not associated with age. This difference between
proximal cancer and advanced proximal adenoma may
provide some information concerning the carcinogenesis
of proximal colon cancer, as it seems that a certain number
of proximal colon cancers are not associated with adenoma.
This topic, especially from the aspect of molecular biology,
requires further extensive studies. Microsatellite instability
frequently occurs in the proximal colon cancer, especially
in aged patients[40-43] , but it is rare in adenoma[44]. This
difference between proximal colon cancer and adenoma
might be reflected in the difference of the risk factor for
proximal colon cancer and adenoma as observed in our
study.
Interpretation of our findings requires careful consideration
of several methodological issues. First, our data may have
been affected by selection bias, because our study population
included patients with various indications for colonoscopy
To adjust the confounding effect caused by the indications
for colonoscopy, multivariate analyses were adjusted
according to indications for colonoscopy. Moreover, among
the 6 196 patients, 575 asymptomatic patients underwent
colonoscopy. Three, of these 575 patients, had proximal
colon cancer two patients had no rectosigmoid adenoma,
and only one had small adenoma in rectosigmoid colon.
Second, “proximal colon” generally means the colon

Okamoto M et al. Rectosigmoid colon and proximal colon cancer

proximal to the splenic flexure. But flexible sigmoidoscopy
reaches the splenic flexure in only 16% of the cases, and
usually reaches up to the sigmoid-descending junction[45] .
Thus, in general, neoplasms proximal to the sigmoid colon
cannot be visualized by sigmoidoscopy. We defined the
proximal colon as proximal to the sigmoid colon in this
study.
Third, hyperplastic polyp is a non-neoplastic lesion, and
the significance of hyperplastic polyps in the rectosigmoid
colon has been controversial. Some studies reported that
hyperplastic polyps are a marker of proximal colon
neoplasms [23,25,27], whereas other studies showed that
hyperplastic polyps in the rectosigmoid colon have no
relation with proximal colon neoplasms[24,26,30]. In the present
study, patients with hyperplastic polyps in the rectosigmoid
colon were considered normal.
Sigmoidoscopy is the method widely used for screening
colorectal cancer[12-14], and has led to increased detection of
benign diminutive adenomas in the rectosigmoid colon. The
need for colonoscopy in individuals with diminutive tubular
adenomas found in sigmoidoscopy is an important but
controversial issue in screening for colorectal cancer. Some
studies reported that adenomas of the rectosigmoid colon,
regardless of size, are markers of neoplasms in the colon, and
colonoscopy is thus advocated for such patients[13,18,21,22,25,29].
However, other studies reported that the discovery rate of
advanced proximal neoplasm in such patients is low and
colonoscopy is not indicated[19,28]. According to our study,
diminutive adenomas in the rectosigmoid colon might be
a useful marker of advanced proximal adenoma, but its
prevalence does not differ between patients with no rectosigmoid
adenoma and those with rectosigmoid diminutive adenomas.
Moreover, neither diminutive adenoma in the rectosigmoid
colon nor any other type of rectosigmoid adenoma could
be a marker of proximal colon cancer. Even if colonoscopy
was performed for any distal adenoma in our study cohort,
nearly three-quarters of the patients with proximal invasive
cancer and half of the patients with advanced proximal
adenoma would have been missed, indicating that a
substantial number of proximal cancers and advanced
adenomas are not associated with any distal neoplasms.
In conclusion, sigmoidoscopy might be an inadequate
method for colorectal cancer screening, especially in older
people. The current strategy of deciding who should undergo
colonoscopy on the basis of sigmoidoscopy needs to be
reconsidered.
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Abstract
AIM: To investigate the effects and mechanisms of
Verapamil on cultured human colonic tumor (HCT) cells.
METHODS: HCT cells were treated with different
concentrations of Verapamil, and their proliferation
was examined by MTT assay. The areas of sub-diploid
peak were measured by flow cytometry, and the DNA
ladder was found by agarose gel electrophoresis. The
characteristic changes in morphology were observed
under light microscopy. The cell nuclei (propidium iodide
labeled, PI-labeled) and cellular distribution and
concentration of calcium (Fluo-3-labeled) were studied
by using laser confocal scanning microscope.
RESULTS: The proliferation of HCT cells was inhibited by
different concentrations of Verapamil. With the increase
in concentration of Verapamil, the percent of G0-G1 phase
cells in HCT cells increased and that of S phase cells
decreased. After treating with different concentrations of
Verapamil, flow cytometry showed that HCT cells were
enlarged in areas of sub-diploid in a dose-dependent
manner. Gel electrophoresis results displayed a typical
DNA ladder. On staining with Wrights-Giemsa, the typical
cellular apoptosis morphologic changes were also
observed. PI-labeled cell nuclei were found markedly
changed. In addition, we inspected that the 100 mol/L
Verapamil could increase the intracellular calcium ion
concentration [Ca2+]i in HCT cells.
CONCLUSION: Verapamil can inhibit proliferation of HCT
cells via inducing cell apoptosis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Due to the critical role of calcium in vital activities, the
studies about the impacts of calcium antagonists on the
diseases are of practical significance. In the USA, there
are about seven million people who use calcium antagonists
to treat cardiovascular or cerebrovascular diseases. The
uses of these drugs are always considered to have good
therapeutic effect[1,2].
Many researchers have demonstrated that the increase
of intracellular calcium concentration played an important
role in cell apoptosis[3], and the apoptosis of cells is related
to the growth of tumor cells[4]. So, it is particularly important
to know whether the potential risk of increasing the growth
of tumors will exist after the patient takes calcium antagonists
orally for a long time. In this study, a series of experiments
were carried out aiming at investigating the influence of
Verapamil on the tumor cells. Our study demonstrated that
the calcium antagonist, Verapamil, might inhibit the
proliferation of HCT cells through inducing apoptosis.
MATERIALS AND METHODS
Cell line and drugs
HCT cell line was a generous gift from Professor Cui JinRong (Natural and Imitative Drug Important Laboratory).
Verapamil was obtained from Henrini Medical Company
in Jiangshu Province, China. MTT (3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide) was purchased from
Amresco (Amresco, USA) Company. PI (Propidium iodide)
was purchased from Sigma (Sigma, S. Louis, MO, USA).
Trypsin was purchased from Gibco (Gibco BRL, USA).
Cell culture
HCT cells were routinely cultured with RPMI 1640 medium
supplemented with 100 mL/L fetal bovine serum at 37 ℃
in a humidified atmosphere containing 50 mL/L CO2.
HCT cells proliferation assay
Cells were dissociated with 2.5 g/L trypsin and resuspended in
tissue culture media to yield a concentration of 1×105 cells/mL.
Cells were added to 96-well plates (9 000 cells/well), and
allowed to attach for 24 h at 37 ℃. Verapamil was added at
the concentration 1, 10, 100, 200, 300, 400, 500 mol/L
(10 L/well), respectively. Control wells contained only
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culture medium. After the cells were incubated with these
additives for 6, 12, 24 and 48 h cell proliferation was
estimated based on the cellular reduction of tetrazolium
salt MTT[5] by using a microplate reader (BIO-RAD, Model
550 USA), at a test wavelength of 540 nm.
Detection of cell apoptosis by flow cytometry
The HCT cells were incubated with different concentrations
of Verapamil (1, 10, 100 and 500 mol/L) for 48 h, fixated
in 700 mL/L cold ethanol (-20 ℃) after washing twice with
PBS (phosphate buffered saline, without Ca2+ or Mg2+ ),
and stocked at 4 ℃ overnight. The cells were washed
twice with PBS and the cell concentration was adjusted to
1×10 6/mL, and 1 mL of cell suspension was added with
10 L of 10 g/L RNase A and incubated at 37 ℃ for
30 min. Then, PI was added into the cells at a concentration
of 50 mg/L. Cell apoptosis and cell cycle was analyzed
with flow cytometry.
DNA isolation and gel electrophoresis
DNA was isolated from cells according to routine protocol[6].
Briefly HCT cells treated with or without Verapamil (100,
200 and 400 mol/L) were harvested after 48 h incubation.
Cells were centrifuged at 800 r/min and washed with
PBS. After cells were resuspended at a concentration of
1×106 cells/mL in extraction buffer (10 mmol/L Tris-HCl,
0.1 mol/L EDTA, 5 g/mL SDS), they were treated with
20 mg/L RNase A at 37 ℃ for 60 min, followed by incubation
with 100 mg/L proteinase K at 37 ℃ for 60 min. Equal
volume of phenol:chloroform:isopropyl alcohol (25:24:1)
was added to the cells and centrifuged at 13 000 g for 10 min.
The liquor of supernatant was collected, and then 0.1 volume
NaAc (3 mol/L pH 5.2) and 2 volume ethanol (-20 ℃)
were added, and stocked at -20 ℃ overnight. The samples
were centrifuged at 13 000 g for 30 min at 4 ℃. Then the
liquor of supernatant was discarded and the pellets were
dissolved in 1×TE buffer. The concentration of DNA was
detected by UV spectrophotometer (Beckman DU-640,
USA). The DNA content (5 g/tube) was transferred to
the 20 g/L agarose gel, horizontal gel electrophoresis
was performed at 60 V for 90 min and the DNA in gels
was visualized under gel image analysis (BIO-RAD, Gel
DOC 2000, USA) after staining with 5 g/mL ethidium
bromide.
Cell morphology observation
In the routine staining with Wrights-Giemsa, the HCT cells
were incubated with 100 mol/L Verapamil for 48 h, the
liquor of supernatant was discarded, and cells were fixated
and air-dried after washing twice with PBS, and stained with
Wrights for 4 min, then with Giemsa for 6 min. Dyestuff
was discarded and cells were washed. Then, the cell
morphology was observed under microscope.
Cellular concentration ofcalciumand nuclear shape diversification
detected by confocal scanning laser microscopy
Cells were dissociated with 2.5 g/L trypsin and resuspended
in tissue culture media to yield a concentration of 1×10 5
cells/mL. Cells were allowed to attach to Petri dish for 24 h
at 37 ℃ a humidified 50 mL/L CO2/950 mL/L air incubator.
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Verapamil was added at a concentration of 100 mol/L.
An equal volume of PBS was added to the control instead.
The cells were incubated with these additives for 12 h. Then
the liquor of supernatant was discarded, the cells were
treated with Fluo-3/AM at a concentration of 5 mol/L
for marking [Ca2+ ]i, and PI (50 mg/L) for nuclear (Editor
query: is something missing here?) after washing twice with
PBS, the cellular concentration of calcium and nuclear shape
diversification were analyzed using the confocal scanning
laser microscopy (TCS-NT, Leica).
Statistical analysis
All results are expressed as mean±SD. P<0.05 was considered
statistically significant. All statistical analyses were performed
using SPSS 11.0 for Windows.

RESULTS
Effect of Verapamil on cell proliferation and cell cycle
After HCT cells were incubated with different concentrations
of Verapamil for 6, 12, 24 or 48 h, we observed a significant
inhibition in proliferation of HCT cells in a dose-dependent
manner by MTT assay (Figure 1). With the increase in
concentration of Verapamil, the percent of G0-G1 phase
cells in HCT cells was increased and S phase cells were
decreased as detected by flow cytometry. Cell cycle analysis
showed that the proliferation of HCT cells was blocked at
G0-G1 phase (Figure 2).
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Figure 2 The percentage of S phase HCT cells treated with Verapamil. With
increase in Verapamil concentration, the percent of S phase cells was decreased
as detected by flow cytometry.
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Figure 3 Flow cytometry detection of HCT cells apoptosis. The percentage of
apoptotic cells increased as Verapamil concentration increased. A: control;

B: 1 mol/L Verapamil; C: 10 mol/L Verapamil; D: 100 mol/L Verapamil;
E: 500 mol/L Verapamil.

Analysis of cell apoptosis by flow cytometry
HCT cells were treated with different concentrations of
Verapamil, and the data from flow cytometry showed the
areas of sub-diploid peak that were enlarged in drug-treated
HCT cells, suggesting that the percentage of apoptosis cells
increased as Verapamil concentration increased (Figure 3).

observed (Figure 5). The cell nuclei were marked with
fluorescence-probe PI and found markedly changed, most
of the cell nuclei were present in reniform and nuclear
chromatin condensation (Figure 6).

Induction of HCT cells apoptosis
After HCT cells were treated with different concentrations
of Verapamil, a typical DNA ladder was observed, which
suggested the induction of apoptosis in Verapamil-treated
HCT cells (Figure 4).
Cellular morphological change of apoptosis cell
During routine staining with Wrights-Giemsa, the typical
cellular morphologic changes, including cell membrane blebs,
and the cytoplasm and nuclear chromatin condensation, were

Change in cytosolic free calcium in HCT cells
The [Ca2+]i was determined with the laser confocal scanning
microscopy, which demonstrated that 100 mol/L Verapamil
could increase the concentration of [Ca2+ ]i in HCT cells
(Figure 7 and Table 1).
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B
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Figure 4 DNA Ladder of HCT cell line treated with Verapamil. M: marker (100 bp
DNA Ladder); Con: control; Vp1: 100 mol/L Verapamil; Vp2: 200 mol/L
Verapamil; Vp3: 400 mol/L Verapamil.

Figure 5 Cellular morphologic changes (400×). Cell membrane blebs and the
cytoplasm and nuclear chromatin condensation in HCT cells treated with Verapamil
were observed. A: control cells; B: 100 mol/L Verapamil.
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Figure 6 Nuclear model change as reniform and nuclear chromatin condensation
in HCT cell line treated with Verapamil and labeled with PI (400×). A: Control
cells; B: 100 mol/L Verapamil.

Figure 7 Influence of Verapamil on [Ca2+]i intensity in HCT cell after 12 h (400×).
100 mol/L. A: Control cells; B: 100 mol/L Verapamil.

Table 1 [Ca2+ ] i intensity in HCT cells treated with Verapamil
for 12 h (n = 40, mean±SD)

condensation. At the same time, the karyotype of PI-labeled
cells was found markedly changed and most of the cell
nuclei were present in reniform as detected by confocal
scanning microscopy. Our above findings were quite enough
to show that the calcium antagonist markedly increased cell
apoptosis. Jensen et al[16-18] also demonstrated that calcium
channel antagonists could inhibit meningioma growth in vitro
and via interfering with intracellular signaling pathways of
cultured meningioma cells. Jensen and Wurster [19] also
showed that calcium channel antagonists could decrease but
not completely inhibit xenograft meningioma growth over
time compared to control groups in nude mice. In this study,
flow cytometry showed that as the concentration of Verapamil
increased, the percentage of S-phase cells in the whole cycle
was lowered, whereas the proportion of G0/G1-phase cells
increased, which indicated that Verapamil could block the
transformation of HCT cells from G0/G1-phase into S-phase,
and interfere with the process of DNA replication in these
cells. The proliferation of HCT cells was also inhibited by
blocking cell cycle after the use of the calcium antagonist.
In our experiment, when HCT cells were treated with
100 mol/L Verapamil for 12 h, the intracellular calcium ion
concentration [Ca2+]i detected by Fluo-3AM fluorescencelabeling method, was not surprisingly increased. Why does
the intracellular concentration of calcium ions within HCT
cells rise after the use of calcium antagonists? Usually,
scientists consider that after the use of calcium antagonists,
as the entry of extracellular calcium ions is inhibited, the
intracellular concentration of calcium ions can then be kept
at a relatively low level; but in this experiment we obtained
a surprising result. How did the calcium antagonist raise the
concentration of calcium ions within the HCT cells? What
was the mechanism for that? Did the drug have the tendency
to produce only a single effect of preventing the outflow

Groups

[Ca2+]i intensity

Control

28.37±11.94

Verapamil (100 mol/L)

43.34±11.58b

b

P<0.01 vs control.

DISCUSSION
A series of experiments have demonstrated that the apoptosis
of cells is induced by radiation or drugs and the concentration
of free intracellular Ca2+ is found to be markedly elevated
in the apoptotic cells[7-12]. Intracellular Ca2+ is the key-initiating
factor during the course of apoptosis of cell line[13]. Now
calcium channel antagonists are widely used clinically to treat
cardiovascular and cerebrovascular diseases; the routine
dosage of these drugs taken orally can improve the symptoms
of cardiovascular and cerebral-vascular diseases[14,15]. Do
they produce a certain influence on the patients with these
diseases complicated by tumors? Are they related to the danger
of carcinogenesis and cancer development? And what is
the mechanism of their influences on tumors? All of these
problems are still of great concern and need to be solved by
epidemiologists, clinicians and researchers of basic sciences.
Our study of the effect of Verapamil on cell proliferation
demonstrated that Verapamil might inhibit the growth of
HCT cells. Results from flow cytometry showed that HCT
cells after treating with calcium antagonist, the hypodiploid
peak area was increased significantly as the concentrations
of Verapamil were increased, which indicated that the
proportion of apoptotic cells increased. This result was also
proved by cellular morphologic changes, such as cell
membrane blebs and the cytoplasm and nuclear chromatin

Cao QZ et al. Effect of Verapamil on HCT cells

of calcium ions? These problems need to be further
investigated. The more easily accepted theory is that the use
of calcium antagonists may destroy the mobile equilibrium
between intracellular and extracellular calcium ions, which
causes the calcium ions that are stored in the cell organs to
be released into the cytoplasm, resulting in the increase of
the intracellular concentration of calcium ions.
In conclusion, the use of the calcium antagonist,
Verapamil, produces a growth inhibiting effect on HCT cells
by increasing the apoptosis of HCT cells and also by blocking
cell cycle. The problem whether calcium antagonists can
take part in or contribute to the treatment for tumors is to
be further studied, and researches should be made through
many new relevant subjects.
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Abstract
AIM: To construct a recombinant strain which expresses
adhesin AlpA of Helicobacter pylori (H pylori ) and to study
the immunogenicity of adhesin AlpA.
METHODS: Gene Ab, which was amplified from H pylori
chromosomal DNA by PCR technique, was sequenced and
the biological information was analyzed, and inserted into
the Nco I and Not I restriction fragments of the expression
vector pET-22b(+) using T4 DNA ligase. The resulting
plasmid pET-AlpA was transformed into competent E.coli
BL21(DE3) cells using ampicillin resistance for selection.
Recombinant strains were incubated in 5 mL LB with
100 g/mL ampicillin overnight at 37 ℃. Sonication of
BL21(DE3)pET-22b(+)/AlpA was analyzed by Western blot
to detect AlpA immunogenicity.
RESULTS: The gene encoding AlpA protein was amplified
by PCR with chromosomal DNA of H pylori Sydney strain
(SS1) as templates. It revealed that AlpA DNA fragment
amplified by PCR had approximately 1 500 nucleotides,
compatible with the previous reports. The recombinant
plasmid pET-22b(+)/AB was successfully constructed. DNA
sequencing showed one open reading frame with the
length of 588 bp. It encoded seven conservative regions
that showed good antigenicity and hydrophobicity by Parker
and Welling method. Furthermore, INTERNET EXPASY,
NNPREDICT and ISREC predicted that it was a porin-like
structure consisting of -pleated sheets that were embedded
in the outer membrane. BLAST analyzed 836 767 protein
sequences and found that the similar sequences were all
belonging to H pylori OMP sequences. SDS-PAGE and scan
analysis showed that the molecular weight of AB was
22.5 ku and recombinant protein amounted to 29% of the
total bacterial protein, among which dissolved expression
amounted to 21.9% of sonicated supernatant. The rAB
purity amounted to 96% through affinity chromatography.
Western blot analysis of rAB confirmed that it could be
specially recognized by serum form rabbit immunized with
AlpA and H pylori infected.

INTRODUCTION
Helicobacter pylori (H pylori) infection is the major cause of
chronic active gastritis and peptic ulcer disease[1], and is also
closely related with gastric cancers such as adenocarcinomas,
mucosa-associated lymphoid tissue lymphoma and primary
gastric non-Hodgkin’s lymphoma[2]. This organism has
been categorized as a class I carcinogen by the World Health
Organization, and direct evidence of its carcinogenicity was
recently demonstrated in China. In addition, seroprevalence
studies indicate that H pylori infection is also associated with
cardiovascular, respiratory, extra-gastroduodenal digestive,
autoimmune diseases. Successful eradication of H pylori is
thus an important goal. Currently, treatment involves antibiotic
therapy, but this has associated problems such as low patient
compliance and an increase of resistant strains. An alternative
approach is to develop a vaccine, which would not only
clear the organism, but also protect against reinfection.
In the development of H pylori vaccine, the candidate
vaccine antigens adopted currently such as urease, vacuolating
cytotoxin and catalase[3] focused basically on blocking toxicity
factors of H pylori, while few candidate vaccine antigens
focused on adhesins, which are closely associated with H pylori
colonizing in human gastric mucosa by adhering to mucous
epithelial cells and the mucus layer lining the gastric
epithelium. It is probably a useful attempt to discover protective
antigens based on adhesin. Currently, four adhesins have
been recognized[4-8], including H pylori adhesin BabA[9,10]
whose receptor has been determined till date and other
three adhesins of AlpA[11], AlpB[11] and HopZ[12]. No concerned
study has been reported about AlpA in China. So in this
study, the recombinant plasmid of H pylori AlpA gene was
constructed for development of H pylori vaccine.
MATERIALS AND METHODS
Materials
Bacterial strain BL21(DE3) and plasmid pET-22b(+) were
provided by the Institute of Biotechnology, Academy of

Xue J et al. Recombinant H pylori AlpA

Military Medical Sciences. H pylori SS1 was preserved in this
research institute. Restriction enzymes Not I, Nco I and T4
DNA ligase, Vent DNA polymerase and isopropyl--Dthiogalactopyranoside (IPTG) were purchased from New
England Biolabs. Goat anti-rabbit and goat anti-human IgGHRP were purchased from Huamei Bioengineering Company,
China, and His-Tag precolumn from Invitrogen. The serum
from rabbits immunized with AlpA was donated by
Odenbreit et al [11] . Serum samples were obtained from H
pylori positive and negative patients who underwent urease
test, pathologic examination and germiculture at the
Endoscope Center of this institute. Other reagents were
analytically pure reagents produced in China.
Recombinant DNA techniques
All restriction enzyme digestions, ligations and other common
DNA manipulations, unless otherwise stated, were performed
by standard procedures[13] . The genome of H pylori was
prepared from cells collected from the colonies on the agar
plate. The gene of H pylori AlpA was amplified from the
genome of H pylori by PCR (Techne PROGENE) using
primers AlpA1 (5’- TG GCC ATG GAT TGC GCT AGC
ATA AGT TA -3’) as upstream primer and AlpA2 (5’- AG
TGC GGC CGC GAA TGA ATA CCC ATA AGA -3’) as
downstream primer as described in the literature[11]. AlpA1
and AlpA2 contained Nco I and Not I sites, respectively.
PCR was performed with the hot start method. The PCR
condition was initial denaturing at 95 ℃ for 30 s, each cycle
of amplification consisted of denaturing at 95 ℃ for 30 s,
annealing at 55 ℃ for 30 s and polymerization at 72 ℃ for
50 s and further polymerization for 10 min after 35 PCR
cycles. The PCR products were harvested from agarose
gel, digested with Nco I and Not I, and inserted into the Nco I
and Not I restriction fragments of the expression vector
pET-22b(+) using T4 DNA ligase. The resulting plasmid
pET-AlpA was transformed into competent E.coli BL21
(DE3) cells using ampicillin resistance for selection. The
alkaline lysis method was used for large-scale preparations
of the recombinant plasmid and the plasmid was identified
by restriction enzymes. DNA sequence was performed with
the DNA automatic sequencer.
Induction of expression and SDS-polyacrylamide gel
electrophoresis
Recombinant strains were incubated in 5 mL LB with
100 g/mL ampicillin overnight at 37 ℃. Fifty microliters
LB was inoculated and the cells grew until the optical density
at 600 nm reached 0.4-0.6. IPTG was added to the cultures
at the final concentrations of 0.1, 0.2, 0.4, 0.6, 0.8 and
1.0 mmol/L, respectively. E.coli cells were harvested after
3 or 5 h by centrifugation at 12 000 g for 10 min. The
pellet was resuspended in 1 mL 30 mmol/L Tris buffer
(pH 8.0) containing 1 mmol/L EDTA (pH 8.0) and 20%
sucrose. The suspension was put on ice for 10 min, then
centrifuged for 10 min at 12 000 g, and the resulting
supernatant contained proteins from the periplasm. The
resulting pellet was resuspended in 5 mL 50 mmol/L Tris
buffer (pH 8.0) containing 2 mmol/L EDTA, 0.1 mg/mL
lysozyme and 1% Triton X-100. The suspension was
incubated at 30 ℃ for 20 min and then sonicated on ice
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until it became clarified. The lysate was centrifuged at
12 000 g for 15 min at 4 ℃. Whole-cell lysates, sonicated
supernatant, inclusion body, osmotic shock liquid of
recombinant strains expressing H pylori AlpA were analyzed
by electrophoresis in a 10% polyacrylamide gel.
Western blot analysis on sonication of BL21 (DE3) pET-22b
(+)/AlpA
Sonication of BL21(DE3)pET-22b(+)/AlpA was analyzed
by Western blot to detect AlpA immunogenicity. Protein was
separated on 10% SDS-PAGE gel using a mini-gel apparatus
(Bio-Rad) and transferred to nitrocellulose membranes using
a semi-dry blot system (Biotech Fischer). The polyclonal
rabbit antiserum and sera from patients infected with
H pylori were pre-absorbed with BL21(DE3)pET-22b(+)
sonication, to remove non-specific antibodies diluted at
1:50. The membrane was incubated for 90 min at 37 ℃,
washed thrice for 15 min with TBS/Tween-20 (TTBS), and
then incubated for 1 h with goat-anti rabbit IgG alkaline
phosphates conjugate at room temperature. After washing
thrice with TTBS, BCIP/NBT was used to visualize bound
antibodies.

RESULTS
PCR amplification of H pylori AlpA gene
The gene encoding AlpA protein was amplified by PCR
with chromosomal DNA of H pylori Sydney strain (SS1) as
templates. The cloned products were electrophoresed and
visualized on 8 g/L agarose gel (Figure 1). It revealed that
AlpA DNA fragment amplified by PCR had approximately
1 500 nucleotides, compatible with the previous reports[11].
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831

Figure 1 Eight grams per liter agarose gel electrophoreses of AlpA DNA
fragment amplified by PCR from H pylori. Lane 1: PCR products; Lane 2:
nucleotide marker.

Construction of recombinant plasmid and restriction enzyme
confirmation
After the PCR products and pET-22b(+) plasmid were cut
by Not I and Nco I, directional cloning was performed,
resulting in a recombinant plasmid named pET-22b(+)/AlpA.
The recombinant plasmids pET-22b(+)/AlpA were all
digested by Not I or Nco I, and by Not I and Nco I
simultaneously, and then the digestive products were
visualized on 8 g/L agarose gel electrophoreses (Figure 2).
It demonstrated that recombinant plasmid contained the
objective gene.
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Figure 2 Identification of recombinant plasmid by restriction enzyme digestion.
Lane 1: Nucleotide marker; lane 2: PCR products; lane 3: pET22b(+)/Not I; lane
4: recombinant plasmid/Not I; lane 5: recombinant plasmid/Not I and Nco I.
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Figure 3 SDS-PAGE analysis of 100 g/L fusion protein expressed in BL21
(DE3). Lane 1: Molecular weight marker (20, 30, 43, 67, 94)×103; lane 2: BL21
(pET-AlpA) cells before induction; lane 3: BL21 (pET-AlpA) cells in periplasm
protein after 3-h induction with IPTG; lane 4: BL21 (pET-AlpA) cells after 3-h
induction with IPTG; lane 5: BL21 (pET-AlpA) cells after 5-h induction with IPTG;
lane 6: sonicated supernatant of BL21 (pET-AlpA) cells after 3-h induction with
IPTG; lane 7: inclusion body of BL21 (pET-AlpA) cells after 3-h induction with
IPTG; lane 8: control strain BL21 (pET) before induction; lane 9: control strain
BL21 (pET) after 3-h induction with IPTG.

Sequence analysis of cloned AlpA nucleotide
The nucleotide sequence of cloned genes inserted in pET22b
(+) was analyzed by automated sequencing across the cloning
junction, using the universal primer T7. The cloned genes
contained 1 512 nucleotides coding a putative protein
consisted of 504 amino acid residues with a calculated
molecular mass of AlpA. The homogenicity was 97.3%
between them.
Expression of AlpA gene in Escherichia coli
Whole-cell sonication, sonicated supernatant, osmotic shock
liquid of recombinant strains expressing H pylori AlpA genes
were analyzed by electrophoresis in a 10% polyacrylamide
gel for detection of fusion proteins (Figure 3). The result
showed that the clearly identifiable band was 56 500 ku
highly expressed fusion protein, which was similar to that
predicted. Gel automatic scan analysis showed that it was
0.6 at D value and the final concentration of IPTG was
0.1 mmol/L after 3-h induction, and the expression of AlpA
increased remarkably, which amounted to 31.9% of the
total bacterial protein, 23.7% of the sonicated bacterial
supernatant and 64.8% of the bacterial inclusion body.
Antigenicity study of recombinant fusion protein
Western blot analysis on the sonicated BL21(DE3)pET-22b
(+)/AlpA using polyclonal rabbit antiserum and patients
infected with H pylori serum pre-absorbed with sonicated

Figure 4 Western blot analysis of AlpA recombinant protein. Lane 1: protein
marker; lane 2: AlpA immunogenicity detected using polyclonal rabbit antiserum.

BL21(DE3)pET-22b(+) revealed a protein band, which
corresponded to the expected molecular weight (Figure 4).
The serum from rabbits without immunization and H pylori
negative serum from patients were used as a control. Indeed
the control serum did not recognize BL21(DE3)pET-22b
(+)/AlpA. It showed that anti-AlpA antibody existed in the
serum of patients infected with H pylori and that rAlpA
could enable the organism to generate specific humoral
immunity.

DISCUSSION
In 1996, Odenbreit isolated and characterized a chromosomal
locus of H pylori previously identified by transposon shuttle
mutagenesis as being involved in adhesion of the pathogen
to gastric epithelial cells[14]. Afterwards, two close homologous
genes were identified, designated as AlpA and AlpB, encoding
outer membrane (OM) proteins of 518 amino acids each[11].
They are members of the outer membrane protein supergene
family identified in the H pylori 26 695 complete genome
sequence. Transposon insertion mutagenesis, immunoblotting
and primer extension studies indicated that both genes were
organized in an operon, but no obvious consensus promoter
sequence was found upstream of the transcriptional start
site. The C-terminal portion of both proteins was predicted
to form a porin-like barrel in the outer membrane, consisting
of 14 transmembrane amphipathic strands. Preincubation
of H pylori with an antiserum raised against the AlpA fusion
protein completely blocked binding of H pylori to the gastric
tissue sections, but an antiserum raised against a H pylori
urease B fusion protein did not[11] . These data suggested
that AlpA might be necessary for specific adhesion of
H pylori to human gastric tissues and AlpA must be located
on the bacterial surface in order to be bound and functionally
be impaired by the specific antiserum. Furthermore, the pattern
of AlpA-dependent adherence of H pylori to gastric epithelial
surfaces showed a clear difference to the BabA2-mediated
adherence to Lewisb, suggesting that a different receptor is
involved. Thus, researches suspected that AlpA played an
important role in the mechanism of H pylori adherence.
Outer-membrane proteins and porins could form a large
family of 32 genes in H pylori. These proteins, which are
surface exposed and well conserved, might be excellent vaccine
candidates[15,16]. AlpA accords with the criteria mentioned
above. Furthermore, AlpA as a candidate component of
gene engineering vaccines possess the following virtues. AlpA
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is a kind of protein so that a gene engineering clone expressing
AlpA can be constructed to realize scale-up production
and purification. Although AlpA as an adhesion is an
important component attending H pylori infection and AlpA
itself is lack of toxicity and cross-reactivity with human
tissue antigens. AlpA exists in H pylori isolated from multiple
geographic locations. These virtues also fit the criteria for
inclusion of an antigen in a final vaccine formulation as
Kleanthous et al[17], mentioned in 1998. So, to further research,
AlpA is helpful in the preparation of H pylori gene engineering
vaccines.
AlpA carries a functional lipoprotein signal sequence.
When we designed specific primers, we discarded the
lipoprotein signal sequence. To facilitate the expression and
purification at the next stage, we cloned it into a fusion
expression vector with six hercynine tails. The restriction
enzyme digestion and sequencing result show one open
reading frame with 1 512 bp. SDS-PAGE and scanning
analysis showed that the molecular weight of AlpA was
56.5 ku and recombinant protein amounted to 31.9% of
the total bacterial protein. In this study, the serum from
rabbits immunized with purified recombinant protein AlpA
could recognize AlpA-specific bands expressed by BL21
(DE3)pET-22b(+)/AlpA, but the serum from rabbits in the
control group did not. Serum from patients also showed
the same results. These results suggest that AlpA of H pylori
might be a good candidate as a vaccine component.
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Effects of fibril- or fixed-collagen on matrix metalloproteinase-1
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CONCLUSION: These results indicated that, in HLE cells,
fibril- and fixed-collagen have opposite effects on MMP-1
production without affecting TIMP production. Fibril
collagen induced collagenase activity by up-regulation of
MMP-1 production without affecting TIMP-1 production.
By contrast, fixed collagen reduced MMP-1 production.
Our results suggest that hepatocytes might also play an
important role in the regulation of the hepatic fibrosis
alongside HSC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: Matrix metalloproteinase-1 (MMP-1) and tissue
inhibitor of matrix metalloproteinase-1 (TIMP-1) are
central to the spontaneous resolution of liver fibrosis. The
mechanisms involved have been investigated in hepatic
stellate cells (HSC), but not in hepatocytes. We investigated
the effects of fibril- and fixed-collagen on MMP-1 and
TIMP-1 production in hepatocytes, using the HLE cell line.
METHODS: Fibril type I and IV collagen were prepared
by HCl digestion of type I and IV collagen, respectively.
For fixed-collagen, culture dishes were coated with fibril
type I or IV collagen and fixed by ultraviolet. Type I
collagenase activity was measured using fluorescein
isothiocyanate-labeled type I collagen. MMP-1 and TIMP1 in HLE cells were measured by a one-step sandwich
enzyme immunoassay.
RESULTS: Both fibril type I and IV collagen significantly
increased type I collagenase activity about two-fold
compared with no fibril collagen. The effects of the fibril
collagen were not affected by the coating condition. There
was no significant difference in the effects on collagenase
activity between cells cultured in medium containing fibril
type I collagen and those cultured in the presence of type
IV collagen. Both types of fibril collagen significantly
increased MMP-1 production, and showed more than 10fold higher levels of MMP-1 than the control. The enhanced
MMP-1 production by fibril collagens was unaffected by
the coating condition. By contrast, TIMP-1 production was
not changed by the addition of fibril type I or IV collagen,
and neither was it affected by the coating conditions.
Coating with type I collagen significantly suppressed MMP-1
production by almost one-tenth compared with no coating.
By contrast, TIMP-1 production was not affected by either
the absence of a collagen coat or by increasing the
concentration of the coating collagen.

Key words: Hepatocyte; Fibril-collagen; Fixed collagen
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INTRODUCTION
Liver fibrosis, which is characterized by the excess deposition
of extracellular matrix components such as collagen I, III,
and IV[1,2], is usually the ultimate pathological outcome for
the majority of chronic liver injuries e.g., viral and alcoholic
hepatitis. Central to the process of liver fibrosis is the
activation of the hepatic stellate cells (HSC), which proliferates
and stimulates the production and deposition of collagen.
The activated HSC also express tissue inhibitors of
metalloproteinase-1 (TIMP-1), which inhibit the degradation
of interstitial collagens by interstitial collagenase such as
matrix metalloproteinase-1 (MMP-1)[3-5].
Advanced fibrosis and cirrhosis were previously
considered to be irreversible conditions. However, there is
accumulating evidence that this fibrosis is reversible.
Recovery, with remodeling of excess collagens, has been
demonstrated in experimentally-induced fibrosis in animals[6]
and in liver fibrosis in humans[7]. In situations of spontaneous
recovery from liver fibrosis, there is a diminution of TIMP
expression and an increase in collagenase activity with
consequent degradation of the collagen matrix[8]. Furthermore,
an additional finding in this and other studies, was that
HSC apoptosis was a key process in the resolution of liver
fibrosis[8-11]. However, while the loss of activated HSC can
explain a decrease in TIMP expression, it is not in itself
sufficient to explain the constitutive MMP-1 expression and
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continuous increase in collagenase activity, which remodels
the existing excess collagens, because the number of
activated HSC is dramatically reduced by one-tenth by
apoptosis 7 d after peak fibrosis[8]. This cumulative evidence
(the loss of HSC, but constitutive MMP-1 expression and
an increase in the collagenase activity in the entire liver),
suggests that hepatic parenchymal cells, the hepatocytes,
might also be contributing to the resolution of liver fibrosis.
We previously reported that fibril type I collagen stimulated
MMP-1 expression in hepatocellular carcinoma tissue culture
cell lines, such as HepG2 and HLE [12]. We have also
confirmed that primary hepatocytes express both MMP-1
and TIMP-1 as well as HLE cells. In this study, we used
fibril collagen, as a collagen degradation product, while fixed
collagen was used to represent immobilized collagen as part
of the extracellular matrix in liver fibrosis. We report here
on our investigations into the effects of fibril- or fixedcollagen on MMP-1 and TIMP-1 production in HLE cells
in order to establish what role liver parenchymal cells may
play in the regulation of liver fibrosis.

MATERIALS AND METHODS
Cell culture
HLE cells, a human hepatocellular carcinoma derived cell
line, were obtained from the Japanese Cancer Research
Resource Bank. The cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) (Nissui Pharmaceutical
Ltd., Tokyo, Japan) supplemented with 20% fetal calf
serum (FCS), 200 units/mL penicillin, and 200 mg/mL
streptomycin.
Experiment 1
The first experiment was designed to test the effect of fibril
collagen on type I collagenase activity, TIMP-1 production,
and MMP-1 production in HLE cells, cultured on a dish
with or without collagen coating. To make fibril collagen,
type I or type IV collagen (Nitta Gelatin Co. Ltd., Osaka,
Japan) were treated with HCl (pH 3.0) at room temperature
overnight, and neutralized with phosphate buffered saline
(PBS). The procedure for coating the tissue culture dishes
with collagen was as follows: 1 mL of fibril collagen solution
(10 g/mL) was placed in a 35 mm dish, and then exposed
to ultraviolet (UV) light for 2 h. The coated dish was washed
twice with FCS-free DMEM.
HLE cells were plated at a concentration of 5×106 and
cultured with DMEM, supplemented with 20% FCS, until
they reached confluency. They were then washed twice with
FCS-free DMEM and cultured with 2 mL of FCS-free
DMEM for 12 h. After washing the dishes with PBS, fibril
type I or type IV collagen were added to FCS-free DMEM
(final concentration: 0, 37.5, 125, 375, or 1 250 g/mL)
and the cells were cultured for a further 24 h. The resulting
conditioned (supernatant) medium was concentrated 15fold for the assay of collagenase activity, and TIMP-1 and
MMP-1 production.
Experiment 2
The second experiment was designed to evaluate the effects
of coated, fixed collagen on MMP-1 and TIMP-1 production
in HLE cells. The cells were prepared as described in
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experiment 1, and then cultured on dishes coated with
1 mL of several concentration of fibril collagen solution
(0, 10, 30, or 100 g/mL). The concentration of fibril type
I or type IV collagen added in FCS-free DMEM was fixed
at 37.5 g/mL.
Measurement of type I collagenase activity
Type I collagenase activity was assayed using fluorescein
isothiocyanate (FITC)-labeled type I collagen (0.1%/0.01 mol/L
acetic acid) (Cosmo-Bio Co. Ltd, Tokyo, Japan) according
to previously described methods[13] . Briefly, after trypsin
activation, 50 L of the concentrated conditioned medium
was incubated with 100 L of FITC-labeled type I collagen
for 3 h at 35 ℃. The reaction was terminated by the addition
of 80 mmol/L O-phenanthrolene. Collagenase activity was
estimated by measuring the fluorescent intensity of the
supernatant at 495 nm (excitation)/520 nm (emission). A
unit of collagenase activity was defined as the amount of
enzyme that degraded 1 g of collagen/min.
Measurement of TIMP-1 and MMP-1
Monoclonal anti-human TIMP-1 antibody, monoclonal antihuman MMP-1, and peroxidase-conjugated Fab’ were kindly
donated by Fuji Chemical Industries Ltd (Toyama, Japan).
TIMP-1 and MMP-1 were measured by a one-step sandwich
enzyme immunoassay as previously described[14-16]. Briefly,
a sample was mixed with 10 mmol/L sodium phosphate
buffer containing 50 ng/mL peroxidase-conjugated Fab’,
1% bovine serum albumin, 0.1% Tween 20, 0.1 mol/L NaCl,
and 0.005% thimerosal, and then 100 L of the solution was
transferred to a microplate well, coated with the monoclonal
antibody. The preparation was allowed to stand for 30 min at
room temperature and then washed thrice with PBS. Peroxidase
activity was assayed after 20 min incubation with a reaction
mixture containing a 0.15 mol/L citric acid phosphate buffer,
0.5 mg/mL O-phenylenediamine and 0.02% H2O2. Absorbance
was measured at 492 nm in a microplate reader.
Statistical analysis
All results were presented as the mean±SE. Data were
analyzed by one-way ANOVA, and differences between
groups were assessed by Scheffé’s test. A level of P<0.05
was accepted as statistically significant.

RESULTS
Effects of fibril collagen on type I collagenase activity, MMP-1
production, and TIMP-1 production
At a concentration of 125 g/mL, fibril type I collagen
significantly increased type I collagenase activity about twofold compared with a concentration of 37.5 g/mL or no
fibril collagen (Figure 1). However, raising the concentration
of fibril type I collagen to 375 or 1 250 g/mL did not
further enhance the increased type I collagenase activity.
The effects of the fibril collagen type I were not affected
by the coating used, as results were similar for cells cultured
with or without type I or type IV collagen coating (10 g/mL)
(Figure 1). Fibril type IV collagen had a similar effect on
type I collagenase activity, and it was not affected by the
coating conditions (Figure 2). There was no significant
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Figure 1 Effects of fibril type I collagen in the culture medium on the collagenase
activity for type I collagen. Culture dishes were coated with or without type I

collagen (10 g/mL) and type IV collagen (10 g/mL). For the control, cells
were cultured without fibril collagen. bP<0.01 vs controls (Cont).

difference in the effects on collagenase activity between
cells cultured in medium containing fibril type I collagen
and those cultured in the presence of type IV collagen.
In order to investigate the mechanism of this enhanced
type I collagenase activity by fibril type I or type IV collagen,
the effects of the fibril collagens on MMP-1 production
and TIMP-1 production were then evaluated. Both fibril
type I and IV collagen significantly increased MMP-1
production, and at a concentration of 375 g/mL both
types showed more than 10-fold higher levels of MMP-1
than the control (Figure 3). The enhanced MMP-1 production
by fibril collagens was unaffected by the presence or absence
of coating with type I or type IV collagen (Figure 3). By
contrast, TIMP-1 production was not changed by the
addition of fibril type I or IV collagen, and neither was it
affected by the coating conditions (Figure 4).

by increasing the concentration of the coating collagen
(Figure 5B).

DISCUSSION
We have demonstrated that fibril type I or IV collagen induced
type I collagenase activity, and also increased MMP-1
production. However, neither type had an effect on TIMP1 production. Type I collagenase activity is regulated by a
balance between MMP-1 and TIMP-1, and our data indicated
that the enhanced type I collagenase activity was attributable
to increased MMP-1 production but not to decreased
TIMP-1 production. The fact that the fibril collagens
stimulated a 10-fold increase in MMP-1 but only a twofold increase in the collagenase activity raises questions. One
possible explanation is that we measured the whole MMP-1
protein, including pro-MMP1 that does not have any
proteinase activity. Another explanation for this apparent
discrepancy is that the difference may have been due to the
presence of other members of the MMP or TIMP family,
such as MMP-2, which is closely related to the process of
tumor cell invasion[17]. However, although HLE cells are a
hepatocellular carcinoma-derived cell line, in this study
the collagenase activity was measured using type I collagen
as a substrate, which is a target for MMP-1 not MMP-2.
Consequently, the increased collagenase activity was assumed
to reflect the up-regulation of MMP-1 activity. In normal

Collagenase activity (U/105 cells)

Effects of the fixed type I collagen on MMP-1 and TIMP-1
production
The effects of the amount of type I collagen coating (fixed
collagen) on MMP-1 and TIMP-1 production were also
evaluated. Coating with 30 or 100 g/mL type I collagen
significantly suppressed MMP-1 production by almost onetenth compared with coating with 10 g/mL type I collagen
or no coating (Figure 5A). By contrast, TIMP-1 production
was not affected by either the absence of a collagen coat or
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collagen (10 g/mL) and type IV collagen (10 g/mL). For the control, cells
were cultured without fibril collagen. bP<0.01 vs controls (Cont).
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cells, such as keratinocytes, MMP-1 expression is highly
elevated after stimulation by type I collagen[18,19]. In this
study, we used HLE cells as they are hepatocyte-derived
cell lines, and have demonstrated increased MMP-1 production
in response to fibril collagen[12]. Although we still need to
establish that fibril collagen stimulates collagenase activity
and MMP-1 production without affecting TIMP-1 production
in primary hepatocytes, we have confirmed that rat primary
hepatocytes expressed both MMP-1 and TIMP-1, and
preliminarily found that fibril collagen stimulated MMP-1
mRNA expression (unpublished data). Therefore, the evidence
from the results reported here, together with preliminary
evidence in the rat primary hepatocytes, indicate that the
up-regulation of MMP-1 by the fibril collagen is a common
feature.
By contrast, fixed (coated) type I collagen down-regulated
MMP-1, and did not affect TIMP-1 production. One could
assume from this observed decrease in the production of
MMP-1 and unchanged TIMP-1 production, that the
collagenase activity would be down-regulated. Because
collagen encountered in vivo, particularly in liver fibrosis,
will commonly be immobilized as part of the extracellular
matrix, we coated culture dishes with different, increasing
concentrations of type I collagen. The precise mechanism
behind the opposite effects seen between fibril- and fixedFibril type I collagen
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collagen is unclear. However, it has been suggested that the
conformation of fibril collagens interacting with HLE cells
might be different from that of the immobilized fixed
collagens. Integrins are important trans-cell membrane
adhesion glycoproteins, with  and  subunits. They exist
in an active and inactive form. The amino acid sequence
arginine-glycine-aspartic acid (RGD) is a potent recognition
sequence for integrin binding, including the binding of
fibronectin to the 51 integrin receptor. The 11 and
21 integrins, both of which are expressed in HLE cells[20],
are major cellular receptors for collagens and interact with
the triple-helical region of most of the fibril collagen[21,22].
Binding of collagen to integrins is an essential, fundamental
step in fibrogenesis and wound healing. We have reported
previously that soluble RGD peptide reduced the accumulation
of collagen in HSC by stimulating collagenase and MMP-1
activity[23], whereas, conversely, the fibronectin isoform, or
EIII A segment, has been shown to increase collagen
production[24]. Discoidin domain receptor 2 (DDR2) is
another receptor for fibril collagen, and activation of DDR2
has been shown to induce the expression of MMP-1[25]. We
have reported previously that HLE cells express the DDR2
receptor, and that fibril collagen stimulated MMP-1
production in these cells, whereas fixed collagen did not[15].
Taken together, all this evidence suggests that fibril collagen
might induce MMP-1 production in HLE cells via its activation
of DDR2.
Using HLE cells, we tried to evaluate the role of liver
parenchymal cells in liver fibrosis and its resolution, although
there is limitation of use of HLE cells even which express
both MMP-1 and TIMP-1. During the process of liver
fibrosis, HSC become active and produce immobilized
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collagens[1]. As shown in Figure 5, immobilized fixed collagen
suppressed MMP-1 production but did not affect TIMP-1
production, which would lead to an overall accumulation
of collagen in the liver. During the resolution of liver
fibrosis, there is a diminution of TIMP expression and an
increase in collagenase activity with consequence matrix
degradation[11] including the formation of fibril collagen.
These fibril collagens act on the hepatocytes to induce
MMP-1 production, without affecting TIMP-1 production,
resulting in induction of collagenase activity. This link could
establish an autocrine-loop for the resolution of fibrosis.
Since we know that HSC become apoptotic, and decrease in
number by one-tenth within a week of the peak of fibrosis[11],
the up-regulation of collagenase activity by hepatocytes
could maintain the remodeling and resolution of fibrosis,
even after the loss of HSC. Our data implicate hepatocytes
as also playing an important role in both liver fibrosis and
its resolution alongside HSC. Novel insights into the entire
mechanism involved in the regulation of hepatic fibrosis
may be obtained by studying the interactions of, or cooperation between, the various types of cells involved,
such as HSC and hepatocytes. Furthermore, based on an
understanding of the co-operation between various cell
functions, such insights might lead to the development of
improved therapeutic strategies for the various pathologies
which are associated with the process of fibrosis.
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necrosis/degeneration and fibrosis scores were significantly
lower in the JinSanE-treated groups than in the model
control group. The expression of TGF-1, TRII and Smad3
was significantly higher in the model group than that in
the JinSanE-treated groups, and the active/total TGF-1
ratio in the JinSanE groups was suppressed. Expression
of TRII mRNA and Smad3 proteins showed a distribution
pattern similar to that of TGF-1 with a direct correlation
in terms of the degree of hepatic fibrosis. The amount of
positive staining Smad7 cells was significantly less in the
model group than in the JinSanE-treated groups and the
normal group. The contents of ALT, AST and HA were
significantly lower in the JinSanE-treated groups than
those in the model group.

Abstract

CONCLUSION: Traditional Chinese medicine, JinSanE,
prevents the progression of hepatic damage and fibrosis
through the inhibition of TGF-1, TRII and Smad3 signal
proteins, and increases expression of Smad7 signal protein
in vivo.

AIM: The transforming growth factor-beta (TGF-)/Smad
signaling pathway system plays a prominent role in the
control of cell growth and extracellular matrix formation
in the progression of liver fibrogenesis. Smad proteins
can either positively or negatively regulate TGF- responses.
In this study, the therapeutic effects of Chinese traditional
compound decoction, JinSanE, and the changes of TGF/Smad signaling pathway system in carbon tetrachloride
(CCl 4 )-induced rat experimental liver fibrosis were
examined.
METHODS: Seventy-two healthy Wistar rats were
assigned to groups including normal control group, CCl4
model group, JinSanE treatment group I and JinSanE
treatment group II. Each group contained 18 rats. All
groups, except the normal control group, received CCl4
subcutaneous injection for 8 wk. Rats in JinSanE groups I
and II were orally treated with JinSanE daily at the 1st and
5th wk, respectively, after exposure to CCl4. The expression
of TGF-1 and TGF-1 type II receptor (TRII) mRNA in
the liver was determined by reverse transcription
polymerase chain reaction, and the expression of TGF-1,
Smad3 and Smad7 by immunohistochemistry. The liver
histopathology was also examined by HE staining and
observed under electron microscope. The activities of
several serum fibrosis-associated enzymes, alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), the levels of serum hyaluronic acid (HA) were
assayed.
RESULTS: Hepatic fibrosis caused by CCl4 was significantly
inhibited in the JinSanE-treated groups. The degrees of

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is a common characteristic of the chronic
liver disease, which relates to the abnormal accumulation
of extracellular matrix (ECM). It is also the major cause of
morbidity and mortality due to the development of cirrhosis
and its complications including hepatocellular carcinoma[1,2].
Hepatic stellate cells (HSCs) are the primary cell type
responsible for matrix deposition in hepatic fibrosis,
undergoing a process of transdifferentiation into fibrogenic
myofibroblasts (MFBs)[3]. HSCs are a major target of the
profibrogenic agent, transforming growth factor-beta
(TGF-). TGF- has not only multiple profibrogenic, but also
anti-inflammatory and immunosuppressive effects[4,5]. In
addition to its fibrogenic action leading to transdifferentiation
of HSCs into MFBs, TGF- is also an important negative
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regulator of proliferation and an inducer of apoptosis[6] .
TGF- superfamily members signal through transmembrane
Ser-Thr kinase receptors that directly regulate the intracellular
Smad pathway [7]. Smads are a unique family of signal
transduction molecules that can transmit signals directly
from the cell surface receptors to the nucleus. In addition,
there is recent evidence that Smads can either positively
or negatively regulate the transcription of specific genes
in response to TGF- signaling [8,9] . The TGF-/Smad
signaling pathway plays a prominent role in the activation
of HSCs and the regulation of the production, degradation,
and accumulation of ECM proteins. On the other hand,
genetic and biochemical studies in mammals have firmly
established the TGF-/Smad signaling pathway as a
pivotal means for the intracellular signaling of TGF-[10] .
Thus, the TGF- signal transduction pathway has become
a new effective target for the prevention and treatment
of hepatic fibrosis[11,12] .
Chinese herbal medicine has been used for treatment
of acute and chronic hepatitis in China and other countries
for thousands of years [13-16]. The traditional Chinese
compound, JinSanE, is designed to reduce hepatic fibrosis.
It is mainly composed of Radix curcumae, Rhizoma sparganii,
and Rhizoma zedoariae, which are widely administered to
patients with acute or chronic liver diseases in China, and
demonstrate therapeutic effects. However, little is known
about the effects and mechanism by which JinSanE protects
against hepatic fibrosis. We designed this study to investigate
whether JinSanE has an inhibitory effect on the development
of hepatic fibrosis in a carbon tetrachloride (CCl4)-induced
hepatic fibrosis model in Wistar rats.

MATERIALS AND METHODS
Animals and tissue specimens
Seventy-two Wistar rats, weighting 180-220 g, were obtained
from Renmin Hospital of Wuhan University (Wuhan, China).
The rats were randomly divided into four groups: normal
group, model group, JinSanE group I and JinSanE group
II, with 18 rats in each group. Except those in the normal
group, all rats were administered with subcutaneous
injection of 400 mL/L CCl4 dissolved in castor oil (Shanghai
Changjiang Chemical Plant, Shanghai, China) 3 mL/kg body
weight twice per week for 8 wk. The rats in JinSanE groups
I and II were treated with traditional Chinese compound
decoction, JinSanE, 6 g/kg body weight, daily, via gastrogavage
at the 1 st and 4 th wk, respectively. Once a week, the rats
were weighed and the dosage of CCl4 and JinSanE was
adjusted. The rats were maintained under controlled conditions
(24 ℃, 58% humidity, and 12-h day/night rhythm) with
alternating 12-h dark/light cycles, fed laboratory chow diet,
and had free access to food and water. All rats received
humane care, and the study protocols comply with the
guidelines of Wuhan University. At the end of the 8-wk
experimental period, all rats were killed by bleeding from
ophthalmic artery and vein. The blood and liver of all rats
were collected for further examinations.
Detection of mRNA by reverse-transcription polymerase chain
reaction
Isolation of RNA and reverse-transcription polymerase
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chain reaction (RT-PCR) were performed as described
previously[17]. Isolation of total RNA from liver tissue was
performed using the Catrimox-14TM RNA Purification kit
(Takara BIO Inc., Tokyo, Japan). RNA concentrations were
determined by ultraviolet spectrophotometric measurements
at wavelengths of 260/280 nm. mRNA was transcribed into
complementary DNA using AMV reverse transcriptase
(Takara BIO Inc.). Random primers and Taq polymerase
for subsequent PCR were also obtained from Takara BIO
Inc. Total RNA (1 µg) was reverse transcribed into cDNA.
The cDNA was amplified by PCR with the following
forward and reverse primers: TGF-1, 5’-CAC CA T
CCATGACATG AACC-3’ and 5’-TCATGTTGGACAACTGCTCC-3’, respectively, with a product size of 404 bp;
TGF1-type II receptor (TRII), 5’-CTACAAGGCCAAGCTGAAGC-3’ and 5’-A GCCATGGAGTAGACATC
CG -3’, respectively, with a product size of 580 bp; and
GADPH, 5’-T CCCTCAACATTGTCAGCAA-3’ and 5’AGCTCCACAACGGATACATT-3’, respectively, with a
product size of 309 bp. The 50 L PCR reaction mix
contained 10 mmol/L dNTP, 2.5 mmol/L MgCl2, 20 mmol/L
Tris-HCl (pH 8.4), 50 mmol/L KCl, 30 pmol/L levels of
sense and antisense primers, and 5 U of Taq DNA Polymerase
(Takara BIO Inc.). The thermal profile that was used
consisted of denaturation at 94 ℃ for 1 min, annealing at
55 ℃ for 1 min, and extension at 72 ℃ for 1 min for 35
times for TGF-1, TRII and GAPDH. In all experiments,
possible contamination with genomic DNA was excluded
by PCR amplification in the absence of reverse transcriptase.
The PCR products were electrophoresed on 2% agarose
gel electrophoresis. Semiquantitative evaluation was
performed using the Gel Doc 2000 System (BioRad
Laboratories GmbH, München, Germany). GAPDH was
used as a positive internal control, and was equally positive
for all specimens. GAPDH expression was used as a
correction factor for TGF-1 and TRII mRNA, thus, the
results were expressed as the number of TGF-1 and TRII
cDNA molecules per GAPDH cDNA molecules.
Immunohistochemistry
Rat monoclonal anti-TGF-1 antibody, rat polyclonal antiSmad3 antibody and anti-Smad7 antibody were obtained
from Santa Cruz (Los Angeles, USA), and the peroxides
method was used to stain TGF-1-positive, Smad3-positive
and Smad7-positive cells. The ultrasensitive TM S-P (Rabbit)
kit was obtained from Maxin-Bio (Maxin-Bio, Fuzhou,
China). Liver tissues were fixed in 40 g/L formaldehyde,
embedded in paraffin, and cut into 4-m thick sections.
The sections were deparaffinized, treated with 0.3%
endogenous peroxidase blocking solution for 20 min, and
treated sequentially with normal nonimmun goat serum for
20 min at room temperature, then incubated with rabbit
anti-TGF-1 antibody at a previously defined optimal
dilution of 1:200, or rabbit anti-Smad3 1:100, or rabbit
anti-Smad7 1:100 at room temperature for 1.5 h. All
antibodies were diluted in PBS with 1% PBS with 1% bovine
serum albumin (BSA), and PBS-1% BSA was used as a
negative control. The slides were washed thrice with PBS.
Primary antibodies were detected with biotin-labeled antirabbit immunoglobulin G. Counterstaining was performed

Song SL et al. Effects of JinSanE in experimental hepatic fibrosis

with hematoxylin. Samples were analyzed by confocal
microscopy using 40× objective (Olympus, Japan).
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Table 1 Comparison of semiquantitative RT-PCR results in
the four experimental groups (mean±SD)
Expression levels
Groups

Analytical methods for serum samples
Serum content of hyaluronic acid (HA) was assessed by
radioimmunoassay (RIA) using a commercial kit (Shanghai
NAVY Medical Institute, Shanghai, China). Serum levels
of alanine transaminase (ALT), aspartate transaminase
(AST), albumin (ALB) and globulin (GLB) were determined
by routine laboratory methods using a Hitachi Automatic
Analyzer.
Histopathological examination
Liver tissues were fixed in 40 g/L formaldehyde, embedded
in paraffin, cut into 4-m thick sections and stained with
hematoxylin-eosin (H&E). The consensus by the Hepatic
Fibrosis Study Group of Chinese Liver Diseases Association[18]
was used to evaluate hepatic fibrosis degree and necroinflammatory activity by two independent pathologists blindly.
Liver tissues fixed in 2% buffer glutaraldehyde were
observed with Hitachi H-300 electron microscope.
Statistical analysis
All data were presented as mean±SE. Differences among
groups were assessed using unpaired Student’s t test and
one-way ANOVA. A P value of less than 0.05 was considered
to be statistically significant. Calculations were performed
with SPSS11.0 software package of statistical programs.

RESULTS
Detection of TGF-1 and TRII mRNA by RT-PCR
Detectable levels of TGF-1 and TRII mRNA were noted
in the normal group, but the expression levels in the model
group were significantly increased, compared with those in
the normal group (both P<0.01) (Table 1, Figures 1 and 2).
The expression levels of TGF-1 mRNA (0.590±0.053,
0.693±0.057, respectively) and TRII mRNA (0.462±0.009,
0.539±0.010, respectively) in JinSanE groups I and II were
significantly lower compared with the model group livers
(1.410±0.094, 0.906±0.03, respectively) (all P<0.01) (Table 1).
There was no significant difference in the expression level
of TGF-1 mRNA between the normal group (0.401±0.059)
and JinSanE group II (P>0.05). Similarly, there was no
significant difference in the expression level of TRII mRNA
between the normal group (0.275±0.027) and JinSanE group
I (P>0.05). However, the expression level of TRII mRNA
in JinSanE group II was significantly greater than that in
JinSanE group I (P<0.01).

Normal
Model
JinSanE I
JinSanE II

n
18
15
17
16

TGF 1 mRNA

TRII mRNA

0.401±0.059
1.410±0.094b
0.590±0.053d
0.693±0.057b,d

0.275±0.027
1.215±0.079 b
0.461±0.029d
0.651±0.035b,d,f

b
P<0.01 vs compared with the normal group; dP<0.01 vs compared with the
model group; and fP<0.01 vs compared with JinSanE group I.

Detection of TGF-1, Smad3 and Smad7 by immunohistochemistry
The distribution of TGF-1, Smad3 and Smad7 was observed
in cytoplasm of rat livers in all groups, but nuclei were
devoid of staining (Figures 3-5). In normal control livers,
the cytoplasm of interstitial tissue and liver sinusoidal were
positive for TGF-1, whereas TGF-1 was scattered along
the sinusoidal walls. Smad3 was rarely observed, but intense
Smad7 expression was extensively observed in hepatocytes
of normal rats. In contrast, many TGF-1 and Smad3positive cells were detected in sinus portal, areas fibrous,
septum, hepatocytes in pseudolobes and necrotic areas of
severe hepatitis in the model rats, and the amount of TGF1-positive cells was obviously larger than that of Smad3positive cells. In fibrotic liver tissues, weak immunostaining
for Smad7 was detected in hepatocytes, fibroblasts and
occasional mononuclear infiltrates. In contrast, livers of
rats fed with JinSanE showed markedly decreased numbers
of TGF-1 and Smad3-positive HSCs and fibroblasts, and
these positive cells in livers of the JinSanE group I were
less than those in the JinSanE group II. JinSanE also
obviously enhanced numbers of Smad7-positive hepatocytes
and fibroblasts, and exhibited stronger Smad7 positivity in
the livers of JinSanE group I than in JinSanE group II
(Figures 3-5). Generally, the staining patterns for TGF-1
and Smad3 were similarly distributed, but staining for
TGF-1 was much stronger than that for Smad3 (Figures
3 and 4).
Effect of JinSanE on HA and liver function
Serum content of HA was significantly higher in the model
group than that in the normal group, but this marker was
markedly lowered in two treated groups compared with the
model group. Compared with the normal group, the serum
levels of ALT and AST in the model group were significantly
raised, and serum levels of ALB and ALB/GLB were
significantly diminished. Compared with the model group,
the levels of ALT and AST were markedly reduced, and
ALB and ALB/GLB levels were significantly increased in
JinSanE groups I and II (Table 2).

Table 2 Biochemical data in the four experimental groups (mean±SD)
Groups

n

ALT (IU/L)

AST (IU/L)

ALB (g/L)

A/G

HA (ng/L)

Normal rats
Model rats

18
15

50.17±2.37
276.0±45.4b

77.8±13.36
554.8±68.3b

35.4±1.5
24.7±3.15b

1.30±0.09
0.57±0.48b

116.04±17.81
318.65±20.83b

JinSanE I rats

17

105.3±15.1b,d

331.5±47.9b,d

30.1±2.3b,d

0.89±0.04b,d

138.20±11.39d

JinSanE II rats

16

109.5±28.5b,d

248.5±9.42b,d

32.7±1.8b,d

0.94±0.07b,d

129.50±17.04d

ALT, alanine transaminase; AST, aspartate transaminase; ALB, albumin; A/G, albumin/globulin ratio; and HA, hyaluronic acid. bP<0.01 vs compared with the
normal group; dP<0.01 vs compared with the model group.
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Figure 1 Gel electrophoresis of PCR products for TGF-b1 and GAPDH in rat
liver. Total RNA isolated from liver specimens was reverse transcribed and
amplified by PCR with specific primers. As a positive control, the housekeeping
GAPDH mRNA was also amplified. M (Authors: add M in the photo), Takara
markers. Lines 1, 3, 5, 7 are PCR products for TGF-b1, representing the
normal, model, JinSanE I and JinSanE II groups, respectively. Lines 2, 4, 6 and
8 are PCR products of GAPDH, representing the normal, model, JinSanE I and
JinSanE II groups, respectively.

Figure 2 Gel electrophoresis of PCR products for TRII and GAPDH in rat liver.
Total RNA isolated from liver specimens was reverse transcribed and amplified
by PCR with specific primers. As a positive control, the housekeeping GAPDH
mRNA was also amplified. M (Authors: add M in the photo), Takara markers.
Lines 1, 3, 5, 7 are PCR products for TRII, representing the normal, model,
JinSanE I and JinSanE II groups, respectively. Lines 2, 4, 6 and 8 are PCR
products of GAPDH, representing the normal, model, JinSanE I and JinSanE II
groups, respectively.

Liver histopathology
The livers in the normal group showed normal lobular
architecture with central veins and radiating hepatic cords
with irregular sinusoids, and a normal distribution of collagen
with a variable amount in portal tracts and a thin rim around
central veins. Livers in the model group showed disorderly
hepatocyte cords, fatty degeneration, necrosis and infiltration
of inflammatory cells and collagen deposition extending
from central veins or portal tracts, with thick or thin fibrotic
septa and even formation of pseudolobuli. Treatment with
JinSanE resulted in apparent amelioration of hepatocyte
degeneration, necrosis and infiltration of inflammatory cells,
and marked reduction of collagen deposition with no obvious
formation of pseudolobuli. Histologic examination revealed
that JinSanE-treated rats showed less infiltration of
inflammatory cells and less severe progression of liver
fibrosis compared with the model rats. Scores of liver
necroinflammation and fibrosis are shown in Table 3.
In the livers of the normal rats, the result of electron
microscopy showed that HSCs, fat droplet-rich and with
pseudopodium, were distributed amongst the hepatocytes.
A mass of accumulation of ECM proteins in the Disse’s
spaces was a prominent finding in fibrotic liver, and the
hypertrophied endoplasmic reticulum in HSCs and swollen
mitochondrion in hepatocyte were also observed in this
group. In the livers of JinSanE-treated rats, the result of
electron microscopy showed obviously less accumulation
of ECM proteins in the Disse’s spaces, fat droplet-rich
HSCs, and regenerated and normal hepatocytes.

DISCUSSION
Our study showed that TGF-1 mRNA and protein
increased as fibrosis developed in CCl4-induced fibrotic liver
in a rat model. Our study also demonstrated that ingestion
with JinSanE not only suppressed the development of CCl4induced hepatic fibrosis, but also decreased the TGF-1
mRNA and protein levels. The CCl 4-induced hepatic
fibrogenesis may be associated with the proliferation of
HSCs and ECM accumulation. During the development
of chronic liver injury, including inflammation, fibrosis and
regeneration, TGF-1 superfamily plays a prominent role in
stimulating liver fibrogenesis by MFBs derived from HSCs[19].
TGF-1 family regulates many aspects of the cellular function,
and consequently exhibits different effects on a variety of
cell types and tissues. Hepatocyte apoptosis and HSC
activation are both features of chronic liver diseases. TGF1 inhibits hepatocyte proliferation and induces hepatocyte
apoptosis, and is also the most important cytokine involved
in HSC activation, acting via both paracrine and autocrine
pathways[20]. TGF-1 is probably the most decisive cytokine,
and HSCs are the most significant cells involved in stimulating
ECM synthesis, inhibiting ECM degradation and enhancing
accumulation of ECM in the liver[21,22]. Proteolytic release
and activation of latent TGF- by HSCs are key events for
pathogenesis of hepatic fibrosis[23]. Cells, such as HSCs, Kupffer
cells, MFBs, endothelial cells and invading mononuclear
cells, could synthesize and release TGF-. Many studies
have created a strong rationale for an antifibrotic strategy
in which the principal objective is blocking TGF-1.
Active TGF- binds to specific, high-affinity receptors
present on most cells, initiating a signaling cascade that
results in biologic effects[24,25]. TGF- signals through the
heteromeric complexes of type I and type II transmembrane
Ser/Thr kinase receptors[19,26], which activate the downstream
Smad signal transduction pathway. The extracellular domain
of the type II receptor binds the ligand, causing formation
of heteromeric complexes incorporating type I and type II
receptors. The type II receptor then transphosphorylates
the type I receptor, activating its kinase and initiating
downstream signaling. The type II receptor transmits the

Table 3 Effects of JinSanE on liver necroinflammatory scores
and fibrosis scores in the four experimental groups (mean±SD)
Groups

n

Normal
Model

18
15

Necroinflammatory scores

Fibrosis scores

0
5.28±1.31

0
7.44±1.59

JinSanE I

17

3.18±0.95 a

4.40±1.27 a

JinSanE II

16

4.05±0.92b,c

5.57±1.20 b

b

P<0.01 vs compared with the model group; aP<0.05 vs compared with the
model group; and cP<0.05 vs compared with JinSanE group I.
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A

B

C

D
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Figure 3 Immunohistochemical staining for TGF-1 in liver sections. ×400 for
A, B, C and D. (A) TGF-1 immunoreactivity was evenly distributed within the
interstitial tissue and liver sinusoidal in the normal group; (B) Stout connective
tissue septa were strongly immunoreactive for TGF-1 in the model group; (C)

The staining intensity was much weaker in JinSanE group I than that in the
model group; and (D) The staining positivity in JinSanE group II was stronger
than that in the JinSanE group II, but still less than that in the model group.

signal from all isoforms of TGF-, and it appears to be
essential for the biological activity of TGF- in vivo. Thus,
its blockade could result in multiple effects[27-32]. Our results
indicated that rats treated with JinSanE have reduced
expression of TGF-, TRII mRNA and TGF-1 protein.
This effect may provide an advantage to liver to escape the
promoting fibrosis growth signals of TGF-1, and may be
linked to critical steps in the progression of wound repair
in liver.

The Smad signaling pathway is critical for TGF-
superfamily signals from the cell surface to the nucleus[33].
Smad proteins are essential components of the intracellular
signaling pathways utilized by members of the superfamily.
Smad proteins are classified according to their structure
and function in signaling by TGF- family members: the
receptor-regulated Smad2 and Smad3 (R-Smads); the
common-mediator Smad4 (co-Smads), and the antagonistic
or inhibitory Smad6 and Smad7 (I-Smads, part of a negative

A

B

C

D

Figure 4 Immunohistochemical staining for Smad3 in liver sections. ×400 for
A, B, C and D. (A) Several cells were positive for Smad3 in the normal group;
(B) As TGF-1, similarly increased Smad3 immunoreactivity was detected in
the model group, but the staining degree was weak; (C) The expression was

decreased in JinSanE group I, compared with the model group; and (D) Although
the staining pattern for Smad3 in JinSanE group II was comparable with that
observed for TGF-1, the staining intensity was much weaker.
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Figure 5 Immunohistochemical staining for Smad7 in liver sections. ×400 for
A, B, C and D. (A) Normal liver displayed ubiquitous and strong staining for
Smad7 in hepatocytes; (B) Weak staining of Smad7 was observed in the model
group, which was in contrast to the abundant expression of TGF-1 and Smad3

in liver of the group; (C) The staining intensity in JinSanE group I was much
stronger than that in the model group, and the slender connective tissue septa
were strongly immunoreactive; and (D) Strong staining for the Smad7 in JinSanE
group II was observed.

feedback loop)[34,35]. In quiescent HSCs, TGF- signaling
involves TGF- type I receptor (TRI)-mediated phosphorylation
of serine residues within the conserved SSXS motif at the
C-terminus of Smad2 and Smad3, specific R-Smads[9].
Phosphorylation of the R-Smads causes dissociation from
the receptor, and induces assembly into complexes with
Smad4, a co-Smad. This heteromeric complex then translocates
into the nucleus, where the Smads function as transcriptional
co-modulators by recruiting co-activators or co-repressors
to Smad DNA binding partners[9,19,36]. Thus, Smads transmit
signals directly from the receptor kinase into the nucleus,
and such a complex accumulates in the nucleus, Smads
regulate transcriptional responses by recruiting co-activators
and co-repressors to a wide array of DNA-binding partners[37].
In addition, Smad3 phosphorylation mediated by the
activated TRI is impaired severely in MFBs during chronic
liver injury. Smad3 phosphorylation promotes ECM
production in MFBs both in vitro and in vivo[38]. On the other
hand, Smad6 and Smad7 antagonize TGF--induced
activation of signal-transducing Smads (2 and 3) by preventing
the activation of signal-transducing Smad complexes, and
participating in a negative feedback loop to control TGF-
responses[19,39-41]. Smad7 interacts stably with activated TRI,
thereby preventing R-Smads from binding to and being
phosphorylated by these receptors, inhibits the nuclear
accumulation of Smad2, and blocks the association,
phosphorylation, and activation of Smad2[42,43]. Abnormal
expression of anti-sense Smad7 RNA has been found to
advance the effect of TGF-1, supporting the role of
Smad7 as a negative regulator in TGF- signaling[44], thus,
ectopic expression of Smad7 in HSCs leads to inhibition
of R-Smads and Smad4 phosphorylation and abrogates

TGF- response[45,46] . Smad7 may function as a general
inhibitor of TGF- family signaling, and Smad6 preferentially
antagonizes the bone morphogenic protein signaling
pathway[47]. In our study, both level and extent of expressions
of TGF-1-inducible Smad7 were remarkably attenuated,
whereas Smad3 expression was up-regulated in model fibrotic
rats, indicating that Smad7 is a potent in vivo inhibitor for
signal transduction of the TGF- superfamily during the
development and maintenance of homeostasis of liver
tissues. We also observed down-regulation of Smad3 expression
and up-regulation of Smad7 expression in JinSanE-treated
fibrotic rats, suggesting that JinSanE regulates the balance
between Smads3 and Smad7, and thus may decrease
activation of an autocrine TGF- loop that contributes to
the HSC change into fibroblasts in hepatic fibrosis.
The advantage of Chinese herbal medicine in treating
chronic hepatic diseases has been demonstrated by the
results of experimental and clinical studies[2,15,48-50]. Chinese
herbal medicine has become of interest to more and more
practitioners of western medicine. Fibrosis in the Disse’s
space may block the exchange of molecules between the
sinusoidal space and the hepatocytes[51] . The diminished
fibrosis may have led to an attenuation of the hepatic
“injury” at a later stage in the disease process, and thus, to
a lessening of the liver dysfunction[52]. Our study indicated
that traditional Chinese compound decoction, JinSanE,
inhibited hepatic fibrosis, which was accompanied by a
reduction of liver dysfunction, reduced the serum ALT and
AST elevation, and raised the serum levels of ALB and
ALB/GLB in rats exposed to CCl4. Anti-fibrotic therapy
with JinSanE is preferentially targeted to the activated
mesenchymal cells in the liver that synthesize an excess of

Song SL et al. Effects of JinSanE in experimental hepatic fibrosis

matrix proteins, and resemble the MFBs of healing wounds.
Compared with the model rats, there were only slender
connective tissue septa and smaller fibrous areas and septum
in the livers of rats treated with JinSanE, and the discrimination
of liver necroinflammatory scores and fibrosis scores
between the rats treated and untreated with JinSanE also
demonstrated that JinSanE was effective in protecting
against injury. This antifibrotic effect was related to early
and long-term use of JinSanE, as confirmed with hepatic
histology in our study.
In conclusion, our results demonstrate that TGF- plays
a critical role in the progression of hepatic fibrosis, since
TGF-1, TRII and Smad3 were up-regulated in a rat model
of hepatic fibrosis, and the increase in mRNA expression
of TGF- 1 and TRII correlated with histological progression
to fibrosis. Our study suggests that traditional Chinese
compound decoction, JinSanE, should be therapeutic in
already-established fibrotic livers in vivo. Moreover, our
findings demonstrate that the mechanism of antifibrogenic
activity of JinSanE is associated with the regulation of ECM
proteins, including TGF-, TRII and Smad expression. The
traditional Chinese compound decoction, JinSanE, could
inhibit collagen proliferation and facilitate hepatocyte
regeneration. Long-term studies in animal models and cells
are the next step to establish its safety and clinical potentials.
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Abstract
AIM: The role of Pancreatic and Duodenal Homeobox-1
(PDX-1) as a major regulator of pancreatic development
determines the function and phenotype of  cell. In this
study, potential plasticity of liver cells into pancreatic
endocrine cells induced by PDX-1 was evaluated.
METHODS: Human hepatoma cell line HepG2 was
stably transfected with mammalian expression plasmid
pcDNA3-PDX encoding human PDX-1 gene. Ectopic
expression of PDX-1 and insulin were detected by RT-PCR,
Western blot and/or immunostaining. PDX-1+ HepG2 cells
were transplanted under renal capsule of STZ-induced
diabetic nude mice (n = 16) to examine the inducing
effect in vivo.
RESULTS: Exogenous PDX-1 transgene was proved to
express effectively in HepG2 cell at both mRNA and protein
levels. The expression of endogenous insulin and some 
cell-specific differentiation markers and transcription
factors were not induced in PDX-1+ HepG2 cells. When
transplanted under renal capsule of STZ-induced diabetic
nude mice, PDX-1+ HepG2 cells did not generate insulinproducing cells. These data indicated that stable transfected
PDX-1 could not convert hepatoma cell line HepG2 to
pancreatic cells in vitro or in vivo . Mature hepatocytes
might need much more complicated or rigorous conditions
to be shifted to insulin-producing cells.
CONCLUSION: The expression of exogenous PDX-1 is
not sufficient to induce relatively mature hepatocytes
differentiating into insulin-producing cells.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Insulin-dependent diabetes mellitus (IDDM) is characterized
by insulin deficiency due to autoimmune destruction of
pancreatic  cells. Gene therapy or cell-replacement therapy
might be an optimal strategy[1,2]. Recently, increasing studies
focused on inducing non--cell derived cells into surrogate
 cells that can produce and secrete insulin, by genetic
modification in most cases[3-5]. In addition to several types
of stem cells[6-8], the most commonly used cell type for this
purpose is liver cells[9-11].
Both liver and pancreas emerge from ventral foregut
endoderm and specifically at about the same time during
embryonic development. Although different set of
transcription factors and specialized gene profiles are
expressed in liver and pancreas buds, some gene products
are common to both tissues [12], including the essential
factors in glucose sensing machinery, such as GLUT-2
and glucokinase.
As a regulator located upstream in the insulin gene
transcription cascade, pancreatic and duodenal homeobox-1
(PDX-1) is considered as a promising candidate transgene in
gene therapy for diabetes. PDX-1 was originally identified as
an insulin gene transcription factor[13]. It also activates expression
of other islet-enriched genes, including GLUT-2 [14],
glucokinase[15], islet amyloid polypeptide (IAPP)[16] and
somatostatin[17]. PDX-1 knockout mice led to the loss of
the whole pancreas [18]. Mice carrying PDX-1 deletion
developed diabetes[19]. In humans, patient bearing a mutant
PDX-1 gene resulted in agenesis of pancreas at birth[20] .
Taking these together, PDX-1 appears to be a major
regulator of pancreatic development and determines the
function and phenotype of  cell.
Ferber et al[21] found that ectopic expression of PDX-1
induced expression of endogenous insulin gene in mouse
liver. The same group and another, recently, further
demonstrated that PDX-1, as a “master regulator” of
directing cell fate, has the sufficient capacity to induce the
mature liver cells into pancreatic endocrine cells in vivo[22,23].
However, a recent report from Horb et al[24] failed to convert
liver cells to insulin-producing cells with the transient
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expression of wild type PDX-1 alone, but it was achieved
when PDX-1 gene was fused with a transcriptional activation
domain VP16.
Then the intriguing questions are: if PDX-1 can convert
some liver cells to pancreatic cells in vivo, what if it is
introduced into a hepatocyte-derived or a hepatoma cell
line like HepG2 in vitro? If transient expression of PDX-1
in HepG2 cannot lead to this kind of conversion, how is it
expressed in a constitutive way? What will happen if stably
transfected PDX-1 + HepG2 cell is further induced by in
vitro and in vivo environment? In order to elucidate these
questions, we established a stable PDX-1-expressing HepG2
cell line and transplanted these cells into STZ-induced
diabetic nude mice. We found that insulin and other  cell
enriched/specific genes were not activated in PDX1+HepG2 cell line, and no conversion evidence is observed
after implantation under renal capsule either.

April 21, 2005

Volume 11

Number 15

Modified Eagle’s Medium (DMEM), supplemented with 10%
heat inactivated fetal bovine serum, 100 U/mL penicillin,
100 g/mL streptomycin. To obtain stable transfectants,
HepG2 cells were seeded in 24-well plate 24 h before
transfection. A total of 0.8 g of pCDNA3-PDX plasmid
DNA was transfected into cells using lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA) following the manufacturer’s
recommendation. Forty-eight hours after transfection, the
cells were diluted and transferred to 10 cm culture plates,
cultured with G418-containing medium (500 g/mL). The
selective medium was changed every 4 d. G418-resistant
colonies appeared 3-4 wk after transfection. The single
colonies were picked out using clone rings and then subjected
to proliferate for further analysis.

MATERIALS AND METHODS
Plasmid construction
Human PDX-1 gene coding sequence was amplified by
PCR from Human Pancreas Quick-Clone cDNA library
(Clontech, Palo Alto, CA) with forward primer 5’CCATGAACGGCGA GGAGCAGTA and reverse primer
5’-CTGCCTCTCATCGTGGTTCCTG and cloned into
pCDNA3 (Invitrogen, Carlsbad, CA), a mammalian
expression vector driven by CMV promoter. The construct
was designated as pCDNA3-PDX and characterized by
restriction analysis and verified by sequencing.

RNA isolation and RT-PCR analysis
Total RNA was isolated from single clone derived cells directly
from culture plate using TRIzol reagent (Invitrogen,
Carlsbad, CA). RNA samples were treated by 10 units of
RQ1 Rnase-free Dnase I (Promega, Madison, WI) for 15 min
at 37 ℃. Reverse transcription was performed following
the manufacturer’s instructions (Promega, Madison, WI).
Primer sequences and PCR conditions are listed in Table 1.
PCR was performed using T-gradient thermocycler
(Biometra, Gottingen, Germany) and the product was
separated using 1.5% agarose gel and visualized with
ethidium bromide. Human fetal pancreas was isolated from
a 24-wk gestational age embryo from a natural aborted fetus.
Permission to use human embryonic tissues was granted by
the Ethics Review Board of Peking University.

Cell culture and preparation of stable transfectants
HepG2, a human hepatoma-derived cell line, was obtained
from ATCC (Rockville, MD) and maintained in Dulbecco’s

Western blot analysis
Expressions of PDX-1 and insulin at protein levels in transfected
cells were detected using Western blot analysis as previously

Table 1 RT-PCR information: Primer sequences and PCR conditions
Genes

Primer sequences (5’-3’)

PDX-1

F, GTCCTGGAGGAGCCCAAC

Products bp

Annealing

Cycles

℃

s

360

58

60

30

261

62

60

30

260

54

60

30

208

56

60

30

360

56

60

30

258

60

60

30

224

62

60

30

386

60

60

30

290

58

60

30

415

55

60

30

R, GCAGTCCTGCTCAGGCTC
Insulin

F, GCCTTTGTGAACCAACACCTG
R, GTTGCAGTAGTTCTCCAGCTG

GLUT-2

F,TGCCACACTCACACAAGAC
R, AGATTGTGGGCAGTTCATC

Glucokinase

F,CCCGAGGAGAACCACATT
R, GGAACTCTGCCAGGATCT

IAPP

F, GCTGACATTGAAACATTA
R, TATACAGGAAATCACTAGAA

Somatostatin

F, TGCGCTGTCCATCGTCCT
R, GCCATAGCCGGGTTTGAGTT

E47

F, TCAGGCTGGCTTCCTGTCAG
R,CCCTGCCGTATGCCTCACCT

NeuroD1

F, GCGTTAGCCTTCATGCGTCT
R, GAGGCCCCAGGGTTATGAG

Isl-1

F,CGGCTTCAGCAAGAACGACT
R, TCTTCTCCGGCTGCTTGTG

GAPDH

F,GTCAGTGGTGGACCTGACCT
R,AGGGGAGATTCAGTGTGGTG

PCR conditions: denaturation at 94 ℃ for 30 s; annealing as listed in the table; extension at 72 ℃ for 1 min.
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described[25]. The protein concentrations were determined
using Bradford assay. Five microgram of cellular lysate were
separated by standard SDS-PAGE and then transferred to
nitrocellulose membrane. Goat polyclonal anti-PDX-1 or
anti-insulin antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA) were used to probe the blot.
Under-renal-capsule transplantation into STZ-induced diabetic
nude mice
Male BALB/c nude mice at age 8-10 wk were used in this
study. The animal experiment conformed to the Guide for
the Care and Use of Laboratory Animals published by the
US National Institute of Health (NIH Publication No.
85-23, revised 1996). Mice were fasted for 18 h and then
treated with STZ (200 mg/kg body weight, i.p., Sigma, St.
Louis, MO) freshly dissolved in citrate buffer (pH 4.5).
The blood glucose levels were monitored daily by using a
Glucotrend® glucose detector (Roche Diagnostics, Mannheim,
Germany). Seven days after STZ treatment, the mice with
stable hyperglycemia (blood glucose levels >20 mmol/L)
were selected for operation. Under pentobarbital sodium
(35 mg/kg body weight, i.p.) anesthetization, the left kidney
was exposed through a lumbar incision and cells (5×106 to
1×107) resuspended in PBS were injected into subcapsular
cavity by using a 100 L micro-syringe. The blood glucose
level was monitored on 0, 1, 2, 3, 5, 7, 9, 11, 13, 15, 18, 26,
30 d after transplantation. Recipient animals were killed by
cervical dislocation 30 d after operation. Kidney and
pancreatic tissues were removed and fixed with 10%
paraformaldehyde in PBS at 4 ℃ for 5 h and embedded in
OCT compound for immunohistochemical staining.
Immunocytochemistry and immunohistochemistry
Cells were cultured on non-coated glass coverslips for 24 h
before immunostaining. After rinsing with PBS thrice, the
cells were fixed with acetone/methanol at 4 ℃ for 15 min,
permeabilized with 10 mL/L Triton X-100 in PBS for
10 min, and incubated sequentially with blocking serum,
primary antibodies and TRITC or FITC conjugated
secondary antibody. The primary antibodies included goat
anti-insulin polyclonal IgG (1:200 dilution, Santa Cruz), goat
anti-PDX-1 polyclonal IgG (1:100 dilution, Santa Cruz);
mouse anti-human nuclei monoclonal antibody (1:200
dilution, Chemicon, Temecula, CA). Fixed tissue sections
(8 m thick) were also stained with antibodies as mentioned
above. The cells and tissue sections were examined under a
fluorescence microscope (Olympus, Nagano, Japan).
Statistical analysis
Results are given as mean±SD. The one-way ANOVA was
performed by SPSS software (SPSS Science, Chicago, Illinois).
P<0.05 were considered significant.

RESULTS
Establishment of HepG2 cell line stably expressing PDX-1
To test the feasibility of HepG2 cells differentiating into
pancreatic endocrine cell by ectopically expressed PDX-1
gene, HepG2 cells were transfected with pCDNA3-PDX
construct and stable transfectants were isolated under G418
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selection. A total of 13 individual colonies were isolated
and subjected to RT-PCR and Western blot analysis. Five
PDX-1 positive colonies were identified. The clone 11 was
selected to amplify for further experiments according to its
higher expression level of PDX-1 than other clones (data
not shown).
There was no obvious difference in the appearance of
PDX-1 positive HepG2 cells from their parental cells.
The results of RT-PCR and Western blot indicated the
expressions of PDX-1 at both mRNA and protein levels in
PDX-1 +HepG2 cells, but not in wild type HepG2 cells
(Figure 1). Although less abundant, the expression level
of exogenous PDX-1 gene was comparable to that of
human fetal pancreas (Figure 1A). Western blot analysis
indicated a 46 ku of PDX-1 protein (Figure 1C). The
immunocytochemical staining showed that PDX-1 protein
was localized mainly in the nuclei of PDX-1+HepG2 cells
(Figure 2C). These results indicate that we established the
HepG2 cells ectopically express PDX-1 gene in the nucleus
as expected.

A

1

2

3

bp

Human PDX-1

360

Insulin

261

GLUT-2

260

Glucokinase

208

IAPP

360

Somatostatin

258

B

1

2

3

bp

E47

224

ISI-1

290

NeuroD1

386

GAPDH

415

C
PDX-1

1

2

3

← 46 ku

Figure 1 Expression of PDX-1 transgene and other islet-enriched genes in
PDX-1 + HepG2 cell line. RT-PCR analysis was performed to detect the
expression of several islet differentiation markers (A) and islet-specific
transcriptional factors (B). GAPDH mRNA was amplified as an internal control.
Western blot analysis was performed to detect the expression of PDX-1 using
anti-PDX-1 antibody on total protein lysis (C). Lane 1: 24-wk human fetal
pancreas (positive control); Lane 2: wild type HepG2 cells (negative control);
Lane 3: PDX-1+HepG2 cells. Data are representative of at least three independent
experiments.

2280

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

Examination of islet specific genes’ expression in PDX1+HepG2 cells
To examine the possible changes in gene expression patterns
caused by exogenous PDX-1 gene in HepG2, we used RT-PCR
to detect the presence of mRNA of insulin, glucokinase,
GLUT-2, somatostatin and IAPP. None of these genes
could be detected in both PDX-1 transfected and wild type
HepG2, contrasted to distinct bands from pancreatic tissue
(Figure 1A). Absence of insulin was further confirmed by
immunocytochemical staining (Figure 2F) and by Western
blot analysis (data not shown). To investigate the possible
mechanism of silence of these islet marker genes, Isl-1 and
neuroD1/beta2, upstream transactivators of insulin gene,
were also detected by RT-PCR. They expressed neither in
PDX-1+HepG2 cells nor in parental HepG2 cells (Figure 1B).
Cell transplantation under renal capsule in diabetic nude mice
Previous studies[26] showed that an in vivo microenvironment,
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B
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D

E

F

H

Figure 2 In situ immunostaining analysis of PDX-1+HepG2 cells in culture and
after transplantation into nude mice. Representatives are shown (original
magnification 200×, unless otherwise stated). Anti-PDX-1 fluorescence stains
cultured PDX-1+ HepG2 cells (B), compared to 24-wk human fetal pancreatic
islets (A). The ectopically expressed PDX-1 protein locates mainly within
nuclear region (C, 400×). Parental HepG2 cells serve as a negative control (D).
Anti-insulin fluorescence immunostaining indicates positive staining in human
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such as renal subcapsule, may be advantageous to facilitate
the maturation and differentiation of endocrine cells. To
examine if PDX-1 +HepG2 cells could be induced into
insulin-producing cells, cell transplantation was performed.
BALB/c nude mice were used to exempt implanted cells
from immune attack. A total of 5×10 6-1×10 7 PDX1+HepG2 cells or wild type HepG2 cells were implanted
to renal subcapsular space of STZ-induced diabetic mice
(n = 16 and 7, respectively). The average blood glucose
level showed no significant difference between two groups,
both at above 20 mmol/L (Figure 3). H&E staining and
immunohistochemistry of anti-human nuclei antibody
showed that the implanted cells were infiltrated into normal
mice nephric tissues (Figure 2), indicating the cell viability
and proliferation. The implanted cells displayed stable
expression of PDX-1 transgene. No expression of insulin
was observed in the kidney sections injected with PDX1+HepG2 cells (Figure 2).

A

G

Volume 11

I

J

islet positive control (E) but not in PDX-1+HepG2 cells (F). H&E staining reveals
implanted PDX-1+ HepG2 cells in section of kidney (G, 100×), indicating that
these cells infiltrated into nephric tissues and underwent proliferation. Anti-human
nuclei antibody staining confirmed that these cells were of human origin (H,
green cells). Anti-PDX-1 staining of mice kidney sections showed consistent
expression of PDX-1 transgene in these implanted PDX-1+HepG2 cells (I), but
insulin expression was absent (J).
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Cell implant

Blood glucose (mmol/L)

40

n=7
30
20

n = 16
HepG2 control

10
HepG2-PDX-1+
0
0

10

STZ treated

20
Time (d)

30

40

Figure 3 Blood glucose level of STZ-induced diabetic nude mice after
implantation of PDX-1+ HepG2 cells under renal capsule. Between 5×106 and
1×10 7 PD X-1 + HepG2 cells or parental HepG2 cells were injec ted into
subcapsular space. Blood glucose level was measured 0, 1, 2, 3, 5, 7, 9, 11,
13, 15, 18, 26, 30 d after operation. Values are expressed as mean±SD for
each time point, PDX-1+HepG2 group (n = 16) vs HepG2 group (n = 7).

DISCUSSION
Liver cells seem to contain remarkable potential to convert
into pancreatic cells. During embryogenesis, pancreas and
liver arise from adjacent areas in the anterior endoderm.
The default fate of ventral foregut endoderm is to become
pancreas, but a FGF-like signal released from the cardiac
mesoderm diverts the fate of some cells into liver[12]. This
model implied that pancreas and liver, despite distinct
phenotype, may share a similar context of gene expression
profile but differ in just a few critical “master regulators”.
Under certain conditions, the interchange of pancreas and
liver then could be possible. Increasing experimental models
have been reported to validate this potential. Adult rat hepatic
oval stem cells[27] can be induced into pancreatic endocrine
hormone producing cells in high-glucose environment
without genetic modification. Ferber et al [21] found and
recently confirmed[22] that ectopic expression of PDX-1
induced mouse a pluripotent population of progenitor liver
cells to produce biologically mature insulin in vivo and
ameliorated STZ-induced diabetes. To evaluate whether
PDX-1 is able to reprogram a human hepatocyte-derived
cell line HepG2 into such pancreatic endocrine cells, we
established a PDX-1+HepG2 stable expression cell line. As
expected, the expression of PDX-1 transgene in PDX1+HepG2 was comparable to that of human pancreas islet.
PDX-1 protein was properly translocated into cell nuclei,
as demonstrated by immunostaining and Western blot.
Unexpectedly, the expressions of pancreatic  cell specific
genes including insulin, glucokinase, GLUT-2 and IAPP were
detected neither in transfected cells nor in mice with cell
transplanted under renal capsule.
It is well established that insulin gene transcription in 
cells results from the formation of a transcription complex
comprising E47, NeuroD1, Isl-1, PDX-1 [28], and more
recently, Maf A[29] . In PDX-1 +HepG2 cell line, E47 was
present as a ubiquitous nuclear factor, but neuroD1 and
Isl-1 were absent. Kojima et al [30] demonstrated that only
combined expressions of Isl-1 and PDX-1 could induce
immature rat intestinal crypt cell line IEC-6 to produce
insulin, which verified the necessity of Isl-1 in insulin
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transcription. Recently the same group found that without
PDX-1, NeuroD1, or a combination of NeuroD1 and
betacellulin gene transfer could induce insulin production
in mouse liver and partly or completely reversed diabetes
of STZ mice[23], indicating that NeuroD1 is another essential
factor for the normal function of pancreatic  cells. The
absence of Isl-1 and NeuroD1 in HepG2 cells might
account for the silence of insulin and other islet specific
genes in our model.
Two independent studies[22,23] confirmed that in vivo
transfer of PDX-1 by adenovirus into mice unambiguously
converted some subpopulation of hepatic cells into
pancreatic endocrine and exocrine cells. We intend to specify
or narrow down our subject to relatively mature hepatocytes.
HepG2 cell line shows a large number of properties of
differentiated hepatocytes, including expression of albumin,
transferrin and transthyretin[24]. However, the data from
our in vitro and ex vivo models ruled out the possibility of
PDX-1-mediated conversion from mature hepatocytes to
pancreatic tissues.
There are many different subpopulations of liver stem
cells, which stand at various stages of developmental process
and express more or less different profiles of transcription
factors. We believe that this diversity endows every
subpopulation different potential of reacting to stimulus,
such as PDX-1 gene transfer, inducing developmental shift
to pancreas. Our results proved the stubbornness of mature
hepatocytes to PDX-1 induction. Kojima et al[23] showed
that there were definitely some classes of liver cells that
could be converted by PDX-1 transfer and diverse plasticity
of these cells were observed under the same manipulation.
Combining all these data with ours, we propose that more
than one type of subpopulations comprising liver may have
the potential to incur liver to pancreas conversion, but they
require thresholds fundamentally different from each other
to initiate this process. Mature hepatocytes, under this
consideration, may also be possible to shift to insulinproducing cells under certain but much more complicated
or rigorous conditions, which further needs to be defined.
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CCL23, CCL28, and CCR1, CCR9, CXCR4 were identified.
Moreover, these genes demonstrated different changing
patterns during the capillary morphogenesis, which implied
that they might have different roles in the sequential
process. Among the chemokines identified, CCL2/MCP-1,
CCL5/RANTES and CX3CL1 were specially up-regulated
at the 24-h time point when the sprouting characterized
the morphological change. It was thus suggested that they
might exert crucial roles at the early stage of angiogenesis.
CONCLUSION: The present study demonstrates a global
profile of gene expression during endothelial capillary
morphogenesis, and the results provide us much
information about the molecular mechanisms of
angiogenesis, with which further evaluation of individual genes
can be conducted.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Abstract
AIM: To globally compare the gene expression profiles during
the capillary morphogenesis of human microvascular
endothelial cells (HMVECs) in an in vitro angiogenesis system
with affymetrix oligonucleotide array.
METHODS: A microcarrier-based in vitro angiogenesis
system was developed, in which ECs migrated into the matrix,
proliferated, and formed capillary sprouts. The sprouts
elongated, branched and formed networks. The total RNA
samples from the HMVECs at the selected time points (0.5,
24, and 72 h) during the capillary morphogenesis were used
for microarray analyses, and the data were processed with
the softwares provided by the manufacturers. The
expression patterns of some genes were validated and
confirmed by semi-quantitative RT-PCR. The regulated
genes were grouped based on their molecular functions
and expression patterns, and among them the expression
of chemokines and chemokine receptors was specially
examined and their functional implications were analyzed.
RESULTS: A total of 1 961 genes were up- or downregulated two-folds or above, and among them, 468 genes
were up- or down-regulated three-folds or above. The
regulated genes could be grouped into categories based
on their molecular functions, and were also clustered into
six groups based on their patterns of expression. As for
chemokines and chemokine receptors, CXCL1/GRO-,
CXCL2/GRO-, CXCL5/ENA-78, CXCL6/GCP2, IL-8/CXCL8,
CXCL12/SDF-1, CXCL9/Mig, CXC11/ITAC, CX3CL1/fractalkine,
CCL2/MCP-1, CCL3, CCL5/RANTES, CCL7, CCL15, CCL21,

Key words: Angiogenesis; In vitro model; Endothelial cell;
Oligonucleotide array
Sun XT, Zhang MY, Shu C, Li Q, Yan XG, Cheng N, Qiu YD,
Ding YT. Differential gene expression during capillary
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vitro model of angiogenesis with focus on chemokines and
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INTRODUCTION
Angiogenesis, the formation of new capillaries from preexisting blood vessels, plays a crucial role in a wide range of
normal and pathologic processes, and is necessary for the
continuous growth and invasion of solid tumors. After initial
activation by angiogenic mediators such as vascular
endothelial growth factor (VEGF) and basic fibroblast
growth factor (bFGF), endothelial cells (ECs) degrade the
local basement membrane, migrate into the underlying
stroma, proliferate, and form capillary sprouts. It is believed
that opposing sprouts coalesce and form a new capillary
loop[1]. It has become increasingly clear that the angiogenesis is
regulated by a balance of pro-and anti-angiogenic forces[2,3],
and is a complex sequential process that relies on a controlled
cross-talk between ECs and the surrounding environment.
In normal adult tissues, anti-angiogenic mediators are dominant and ECs are suppressed and quiescent. During angiog-
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enesis, the release of molecules, such as VEGF, overwhelms
the inhibitors and ECs undergo the morphological steps
necessary to generate a new capillary loop.
The molecular mechanisms underlying these morphological changes are, in large part, unknown. However, the
advent of the global analytic techniques of gene expression,
such as microarray, differential display, subtraction cDNA
cloning and serial analysis of gene expression, has enabled
the identification of the crucial angiogenic genes whose
expression is regulated under different angiogenic conditions.
Using this latter technology, St. Croix et al[4], compared the
patterns of gene expression in ECs derived from the blood
vessels of normal and malignant colorectal tissues. Bell
et al[5], identified differential gene expressions during capillary
morphogenesis in 3-D collagen matrices.
In order to determine the mechanisms controlling the
sequential process of angiogenesis, appropriate models are
necessary. In vitro model represents a rapid, defined and
efficient experimental strategy to elucidate the molecular
events required for the morphogenesis. Since 2-D angiogenesis models lack the third dimension and obviously do not
reflect all physiological steps, the 3-D models are increasingly
used for this purpose, because they consider more steps of
angiogenesis[6]. In fact, a variety of 3-D angiogenesis models
have provided great advances in the understanding of
angiogenesis and the investigation of angiogenic and antiangiogenic factors.
In 3-D angiogenesis models, the ECs are usually
reorganized in the following ways: directly overlaid by gels,
sandwiched between two gel layers, seeded dispersedly or
clustered as spheroids in gels, or attached onto microcarrier
(MC) beads. Recently, we have also established an in vitro
angiogenesis system, which was based on MC, human dermal
microvascular endothelial cells (HMVECs) and fibrin
matrix [7]. With this system, we have observed all of the
angiogenic steps that characterize the in vivo angiogenesis,
including sprouting, branching, and capillary network
formation[7]. The aim of the present study was to identify
the gene expression profiles of HMVECs during capillary
morphogenesis under stimulation of bFGF in the MC-based
in vitro angiogenesis system.
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Briefly, the foreskin was cut into small pieces, washed with
PBS and incubated with 15-20 mL of 0.2% dispase in
DMEM overnight (18-24 h) at 4 ℃. The tissue pieces were
transferred into fresh DMEM and scratched with a scalpel.
The resulting cell suspension was centrifuged and resuspended in 10-15 mL of EGM, containing EBM supplemented with 10 ng/mL EGF, 12 µg/mL BBE, 1.0 µg/mL
hydrocortisone, 100 U/mL penicillin, and 100 mg/mL
streptomycin in the presence of 150 mL/L normal human
serum, and seeded into a gelatin-coated 75-cm2 tissue culture
flask. Culture medium was changed every 2-3 d. Before
the culture reached confluence (normally 5-7 d upon
seeding), the HMVECs were separated from the other cells
in culture by immuno-magnetic isolation with CD31dynabeads following the manufacturer’s instructions. ECs
were characterized and determined to be>99% purity on
the basis of the formation of typical cobblestone monolayer
in culture and positive immunostaining for factor VIIIrelated antigens. The purified HMVECs were cultured in
EGM at 37 ℃ in a humidified atmosphere containing
50 mL/L CO2 in air on gelatin-coated cell culture surfaces.
All assays were conducted with cells in passages 6 to 8.
Microcarrier cell culture
Gelatin-coated cytodex-3 MCs were prepared according to
the recommendations of the supplier. Freshly autoclaved
MCs were suspended in EGM, and HMVECs were added
to a final density of 50-80 cells/MC. The cells were allowed
to attach to the MCs in a 1.5-mL Eppendorf tube for 4 h at
37 ℃. The MCs were then resuspended in a larger volume
of medium and cultivated for another 24-48 h at 37 ℃
(50 mL/L CO 2). MCs were gently agitated to prevent
aggregation of individual MCs. MCs were used for angiogenesis
assay when the ECs on the MCs reached confluence[10,11].

MATERIALS AND METHODS
Materials
Dulbecco’s modified Eagle’s medium (DMEM) was from
Gibco Laboratories. Endothelial basal medium (EBM),
epidermal growth factor (EGF), bovine brain extract (BBE),
hydrocortisone, penicillin and streptomycin were from
Clonetics (San Diego, CA). BFGF was from PeproTech
EC Ltd (Rocky Hill, NJ). CD31-dynabeads were purchased
from Dynal A.S (Oslo, Norway). Immuno-staining kit for
factor VIII-related antigens was from Zhongshan Biotechnology Co., Ltd (Beijing, China). Cytodex-3 MCs were
purchased from Amersham Pharmacia Biotech (Piscataway,
NJ). Fibrinogen was from Raas Blood Product Co., Ltd
(Shanghai, China).

Microcarrier-based fibrin gel angiogenesis system
Microcarrier-based fibrin gel angiogenesis was performed
as described[10,11] with some modifications. A working solution
of fibrinogen was prepared by dissolving the stock solution
of fibrinogens (20 mg/mL in PBS) in EBM to a concentration of 1.0 mg/mL, supplemented with 10 ng/mL of
EGF, 1.0 µg/mL of hydrocortisone and 40 ng/mL of
bFGF. The 24-well plates were used for the assay. The
bottom of each well was first covered with 250 µL of
fibrinogen solution, and the clotting was induced by addition
of thrombin (0.5 U/mL). After 30 min of polymerization,
another 250 µL of fibrinogen solution containing about
250 EC-coated MCs was added. The MCs were evenly
distributed in the fibrinogen by gently shaking the plates,
and polymerization was induced as described above. After
complete polymerization, 1.0 mL of EBM supplemented
with 10 ng/mL of EGF, 1.0 µg/mL of hydrocortisone,
40 ng/mL of bFGF and 50 mL/L adult human serum
were added. To prevent excess fibrinolysis by fibrinembedded cells, aprotinin was added to the growth media at
200 kIU/mL.

Cells isolation and culture
HMVECs were isolated from juvenile foreskin as described[8,9].

Total RNA isolation
Medium was aspirated from the surface of fibrin gels, and
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the gels were scraped into a 50-mL polypropylene tube.
After being centrifugated at 8 000 r/min for 3 min to remove
the redundant liquid, two volumes of solution D/-mercaptoethanol were added. The tube was vortexed vigorously
for 5 min to resolve the gels, followed by the addition of
0.1 volume of 2 mol/L sodium acetate, one volume of watersaturated phenol and 0.3 volume of chloroform. After
vigorously vortexed for 2 min, the tube was placed on ice
for 15 min and then centrifuged at 12 000 g for 30 min at
4 ℃. A maximum volume of the upper aqueous phase was
transferred to a new tube and equal volume of isopropanol
was added. The solution was mixed by reiterative inversion,
and incubated at -20 ℃ for at least 2 h. Following centrifugation
at 8 000 r/min for 30 min at 4 ℃, the supernatant was
removed, 2 mmol/L EDTA+0.1% SDS (1.5 mL/24 gels)
were added to resuspend the RNA pellets. The suspension
was transferred to 1.5-mL Eppendorf tubes and one volume
of water-saturated phenol was added. The tubes were
vortexed vigorously for 1 min and centrifuged at 12 000 g
for 5 min. The upper aqueous phase was transferred to
new tubes and 0.5 volume of water-saturated phenol and
0.5 volume of chloroform were added, followed by
centrifugation at 12 000 g for 5 min. The upper aqueous
phases were transferred to new tubes, and 0.1 volume of
3 mol/L sodium acetate and one volume of isopropanol
were added. After incubation at -20 ℃ for at least 2 h, the
tubes were centrifuged at 12 000 g for 15 min. After the
supernatant was carefully removed and the pellet was washed
twice with 750 mL/L ethanol, the pellets were air desiccated
and dissolved in RNase-free H 2O. To determine the
concentration and purity of RNA, 1-2 µg of RNA was
diluted in 50 mL H2O, absorption at 260 and 280 nm was
checked. The A260 nm/A280 nm ratio should be above 1.8. The
integrity of total RNA was confirmed by 1% agarose/
formaldehyde gel electrophoresis and Northern blotting for
fibronectins. The samples of total RNA were eluted in
DEPC-H2O and stored at -80 ℃.
DNA microarray analysis
DNA microarray analyses were used to study the genomicscale gene expression, the samples at different time points
(0.5, 24, and 72 h after the beginning of culture) were
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compared during capillary morphogenesis. The selection of
time points was based on the expression patterns of genes
reported to be closely related to angiogenesis, by RT-PCR
as described below. Approximately 150 gels for each time
point were needed to obtain enough total RNA (about
25 µg for each time point) for this experiment. The total
RNA was sent to Gene Company, to perform the hybridization to the Affymetrix GeneChip human genome U133
Sets (including A and B chips) containing 33 000 genes,
to compare the RNA samples from the selected time
points.
Biotin-labeled cDNAs were used to probe microarray
chips and the hybridized probe arrays were stained with
streptavidin phycoerythrin conjugate and scanned by the
Affymetrix  G2500A genearray scanner. The amount of
light emitted at 570 nm was proportional to the bound target
at each location on the probe array and was expressed as
the signal value. The signal values from each time point
were analyzed automatically by AffymetrixMicroarray
suite (version 5.0), Affymetrix MicroDB (Version 2.0),
and Affymetrix data mining tool (Version 2.0). The system
processing methods were found at the manufacturer’s web
site (www.affymetrix.com).
Validation and confirmation of gene expression by semiquantitative RT-PCR
To confirm the expression data from cDNA microarrays
by an independent technique, gene-specific PCR oligonucleotide primer pairs were designed using Genelooper software
(Geneharbor Inc.). Two micrograms of total RNA from
each time point was used as the template for production of
cDNA. Reverse transcriptions were performed using random
primers for first-strand cDNA synthesis. Polymerase chain
reactions were performed using samples from each time
point to show patterns of expression with gene-specific
primers. A GAPDH primer set was utilized to normalize
the cDNA over the time course. RT-PCR amplification
parameters used were typically 94 ℃ for 30 s, 60 ℃ for 30 s,
72 ℃ for 3 min. This was cycled 30 to 35 times, depending
upon the gene, with a final extension at 72 ℃ for 7 min
using a PTC-100 thermal cycler (MJ Research, Watertown,
MA). Primer sequences used are shown in Table 1.

Table 1 Primer sequences used for RT-PCR
Genes
CYR61
CD31
RANTES
PRSS3
PTGS2
EBI3
ANXA1
EGR1
EDN1
ADAM15
Rac1
TIMP-1
TIMP-2
GAPDH

Primer
(upstream)
5’-GAATGGAGCCTCGCATCCGATA-3’
5’-ATGTGGCTTGGAGTCCTGCTGA-3’
5’-GGATGGAGAGTCCTTGAACCTG-3’
5’-AGCAGCTCACTGCTACAAGACC-3’
5’-CGGTGAAACTCTGGCTAGACAG-3’
5’-CCTTCATTGCCACGTACAGGCT-3’
5’-GTGAAGTCATCCAAAGGTGGTCC-3’
5’-AGTGCCATCCAACGACAGCAGT-3’
5’-GCTGTTTGTGGCTTGCCAAGGA-3’
5’-TTCCAGCACCTGCTAAACCGCA-3’
5’-TGGTGGGAGACGGAGCTGTA-3’
5’-CACCAGAGAACCCACCATG-3’
5’-TTTGCAATGCAGATGTAGTG-3’
5’-GCCAAAAGGGTCATCATCTC-3’

Primer
(downstream)
5’-GTGGCTGCATTAGTGTCCATCC-3’
5’-GTGTAGTTGCCACTGTGCTCCA-3’
5’-TTGAGACGGAGTCTCGCTCTGT-3’
5’-AGACCTTGGTGTAGACTCCAGG-3’
5’-TTGGCTTCCAGTAGGCAGGAGA-3’
5’-AGTGACTGGGATTACAGGTGCG-3’
5’-CCTTATGGCGAGTTCCAACACC-3’
5’-AGGACTTGGCTCTGAGAACCTC-3’
5’-GACCTTCGTCAGAAACTCCACC-3’
5’-CAACTGAGCAGAGACAGGCTGT-3’
5’-GGATCGCTTCGTCAAACACTG-3’
5’-GCAGGCTTCAGCTTCCACTC-3’
5’-TCGAGAAACTCCTGCTTGG-3’
5’-GTAGAGGCAGGGATGATGTTC-3’

Length (bp)
of PCR product

Annealing
(temperature)

703
878
441
518
941
845
811
1 183
956
708
791
669
534
286

60
60
60
60
60
60
60
60
60
60
60
57
56
60
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Figure 1 Sequential steps of capillary formation. A: MCs coated with HMVECs
were embedded in fibrin matrix; B: HMVECs on MCs migrated into the matrix
and formed sprouts without detectable lumina; C: Sprouts elongated, and small

intracellular or intercellular lumina formed; D: Capillary sprouts anastomosed to
each other, and capillary-like network formed (original magnification: A, B, C,
×100; D, ×400).

RESULTS
Sequential steps of capillary formation
In 1995, Nehls and Drenckhan[10] and Bülow[11] described a
MC-based in vitro model of angiogenesis. In their model,
the ECs coated on the MCs invaded the fibrin gel, forming
an elongated capillary-like structure as a response to
angiogenic factors. However, this model was performed
with large vessel ECs of calf pulmonary artery origin[10-12].
In the present study, by modifying the system, we successfully established the MC-based in vitro model of angiogenesis with HMVECs in fibrin.
In the early stages of capillary growth (about 16 h after
polymerization of the fibrin gel), the HMVECs on MCs
migrated into fibrin matrix to form sprouts without detectable lumina. At about 16-48 h, sprouts elongated, and small
intracellular or intercellular lumina formed. Usually, broad
lumina developed at the base of the sprouts. The lumina
frequently contained cellular debris, which could be seen to
float by shaking the culture plates, indicating that lumina
contents were liquified. The tips of capillary sprouts were
generally solid or showed only primitive, slit-like lumina,
which in later stages anastomosed to each other, and finally
formed capillary-like networks (at about 5-7 d) (Figure 1).
This result was not consistent with what was observed by
Nehls et al[13], who assumed that due to the presence of serum,
anastomosis of capillary sprouts occurred rarely. Since our
goal was to characterize the gene expression patterns at
different steps of angiogenesis including sprouting, branching
and networking, our 3-D angiogenesis model gave us a good
support.

found that the angiogenic course in our system could be
coarsely divided into three phases as sprouting, branching,
and network formation. But this might not give enough
information about the changes at gene expression level for
our determination of the time points. So some genes such
as matrix metalloproteinase-1 (MMP-1), matrix metalloproteinase-2 (MMP-2), tissue inhibitor of metalloproteinase-1
(TIMP1), tissue inhibitor of metalloproteinase-2 (TIMP-2),
sprouty, RhoA, Rac1, which were demonstrated to be closely
related to angiogenesis by others, were selected and semiquantitative RT-PCRs were performed to observe their
expression patterns during the capillary morphogenesis (9 time
points from 0.5 h to 7 d). We demonstrated that the most
abrupt changes usually occurred from 24 to 72 h after the
beginning of culture. According to the results of RT-PCR
(data not shown), we chose 0.5, 24, and 72 h as the time
points for the microarray analyses.

Determination of the time points for DNA microarray by RT-PCR
From the morphological observation of the model, we

DNA microarray analysis of differential gene expression during
capillary morphogenesis in the microcarrier-based 3-D fibrin
angiogenesis system
Individual genes were represented by ‘probe sets’ on the
Affymetrix oligonucleotide array. To identify differentially
regulated genes during the ECs morphogenesis, we
performed DNA microarray analyses with the total RNA
isolated from cultures at selected time points. Consequently,
a total of 1 961 genes were found up- or down-regulated
two-folds or above, and among them, 468 genes were
regulated three-folds or above. The regulated genes could
be grouped into following categories based on their
molecular functions such as growth factor and receptor,
cell proliferation, extracellular matrix, cell cycle and
apoptosis, signaling molecule and transcription factor, EC
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Table 2 Patterns of gene expression observed during capillary morphogenesis in 3-D MC-based angiogenesis system
Patterns

Gene symbol

1

CDCA8, IRTA2, FLJ23548, ZNF83, ZNF131, ARPC4, COL13A1, LRRFIP1, FLJ90806, FACL4, AZ2, TNFRSF6B, GBP3, FLJ11029, MGC39350, FMO3,

2

POLA2, PLEC1, DHX29, SLC20A1, FLJ21908, WSX1, CIRBP, CDC20, NRCAM, PRC1, LOC85028, TUBGCP5, C1orf33, CDC2, ADAM15
LOC51659, CCL5, GLRA3, CCNF, HELLS, WBSCR20A, C14orf80, EBI3, UBD, MCM4, SQLE, CDH2, TAGLN, HYAL3, FLJ22215, CDCA5, S100A3,

3

CAMK2G, PSMD5, MRPL35, RGS4, PXK, UBXD2, CGI-116, NET1, FLJ30707, CPD, DKFZp434L142, TRIP12, MGC11324, MAN2A1, CCL21, PRCP,

4

CDA08, TPK1, SAS10, PTGDS, TRA1, ZNF317, ANGPT2, ADAMTS1, GPR116, GEMIN6, LEREPO4, RBMS1, ANGPT2, CARD10
OSR1, SKIL, SPATA1, RASA1, NFATC3, HDAC9, NYD-SP20, MGC8685, DPT, THAP6, BGN, COL4A3, SDCCAG33, KIAA1387, UBE2D3, CHD3,

5

FOS, FOSB, DUSP2, EGR4, ATF3, EGR3, EGR1, EGR2, NR4A1, NR4A2, CEBPA, PTGS2, MYLK2, SLC30A3, ZFP36, PTBP2, MYNN, JUNB, CDKN1C,

6

ID2, GADD45B, TM4SF12, GLRA3, KLF4, SOCS5, SKIL, NR4A2, ID2, SUI1, FLJ13615, CYR61, EDN1
BHLHB2, KLF4, LOC92906, FXR1, DUSP6, NRP1, MIR, C6orf166, DUSP1, XLKD1, MAF, C11orf15, LRRC1, JUN, DLG1, FLJ90798, SPRY2, NPEPPS,

NAV1, NFKB2, COL22A1, FRA, TP53I5, AURKB, URP2, TRAF1, ARHGDIA, STARD10, C22orf18, CX3CL1, CDT1, PRSS3

TNRC9, GATM, KERA, KCNF1, LOC90378, AEBP1, MFGE8, WISP3, CDC2L5, FBLN1, KIAA0014, GJA4, CPLX2, KIAA1365

PARVA, MGC9850, DKFZP564B1162, SEPP1, RGS2, HSA9761, ALDH1A1, DKFZP434F0318, LZK1, PDK4, dJ55C23.6, HES1, ANXA1, CD31

ANXA1
CD31
CYR61
EBI3
EDN1
EGR1
ADAM15
PRSS3
PTGS2
RANTES
Rac1
TIMP-1
TIMP-2
GAPDH
0.5 h

24 h

72 h

Figure 2 Validation of the expression patterns by RT-PCR.

differen-tiation marker, proteinase inhibitor, etc., using the
gene ontology mining tool in The NetAffx™ Analysis Center.
The regulated genes were also grouped into six patterns
based on their changes of expression (Table 2).
To validate the patterns of expression analyzed by the
microarrays, some genes were selected and semi-quantitative
RT-PCRs were performed. The cDNAs from each time
point were normalized to the housekeeping gene GAPDH.
As shown in Figure 2, all of the genes evaluated, exhibited
alterations in gene expression which was consistent with the
data obtained from the oligonucleotide array analyses.
Expression of chemokines and chemokine receptors during
the capillary morphogenesis
The chemokines and receptors detected by the oligonucleotide arrays are listed in Table 3, in which the genes were
grouped based on their expression patterns (patterns 1-6,
pattern 0 represented the genes without significant change
during the capillary morphogenesis). Among the genes listed

here, CXC and CC group included CXCL1/GRO-,
CXCL2/GRO-, CXCL5/ENA-78, CXCL6/GCP2, IL-8/
CXCL8, CXCL12/SDF-1, CXCL9/Mig, CXC11/ITAC,
and CCL2/MCP-1, CCL3, CCL5/RANTES, CCL7,
CCL15, CCL21, CCL23, CCL28, respectively. The
CX3CL1/fractalkine, a number of CX3C group, were also
detected. The expressions of CCL3, CCL28, CXCL9/Mig,
and CXC11/ITAC were just detectable level and had no
significant change during the process. The chemokine
receptors in the list included CCR1, CCR9, CCR10 and
CXCR4, but only the significant expression of CXCR4 was
detected at all the time points. This implied its critical role
in the capillary morphogenesis. Interestingly, by careful
perusal of the change of expression, we could find that the
CXCR4 ligand CXCL12 was expressed (pattern 4), which
was consistent with its hypothetical role in the maintenance
of a quiescent endothelium[32].
The different patterns of gene expression in this study
gave a complicated context of the chemokines in the
angiogenesis process, and implied that different chemokines
might have a specific role in the different stages of the
capillary morphogenesis. The chemokines that attracted our
attention most were of pattern 2, which included CCL2/
MCP-1, CCL5/RANTES and CX3CL1/fractalkine. They
were specially up-regulated at the 24-h time point, when the
sprouting was the morphologic characteristic, and then downregulated to the basal level. The meaning of the expression
in a timely fashion remains to be elucidated.
Since chemokines exerted their roles by recruiting
leukocytes, we also examined the expression patterns of
adhesion molecules in our assay and found that the adhesion
molecules such as intercellular adhesion molecule-1 (ICAM-1)
and fibronectin (FN), which could mediate the interaction
between ECs and leukocyte cells, were also regulated in the
same pattern as that of CCL2/MCP-1, CCL5/RANTES
and CX3CL1/fractalkine.

DISCUSSION
Angiogenesis, the formation of new capillaries from preexisting blood vessels, plays a crucial role in a wide range of
normal and pathologic processes, and is necessary for the
continuous growth and invasion of solid tumors [1] .
Angiogenesis is regulated by the balance between the proand anti-angiogenic factors[2,3]. When the net balance was

2288

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

April 21, 2005

Volume 11

Number 15

Table 3 Chemokines/chemokine receptors detected during capillary morphogenesis
Sequence
derived from

Gene
symbol

24 h/0.5 h
log ratio

24 h/0.5 h
change

24 h/0.5 h
change P

72 h/24 h
log ratio

I
I

0.00004
0.009292

-0.1
-0.4

72 h/24 h
change

72 h/24 h
change P

72 h/0.5 h
log ratio

0.5
0.506476

0.8
0.6

72 h/0.5 h
change

72 h/0.5 h
change P

Pattern 1
NM_001511.1
AK026546.1

CXCL1
CXCL5

1.1
1.2

NC
NC

I
I

0.00002
0.00249

Pattern 2
U84487

CX3CL1

1.5

I

0.000389

-1.9

D

0.999562

-0.8

NC

0.911062

NM_002985.1
S69738.1

CCL5
CCL2

3.4
2

I
I

0.00002
0.00002

-3.9
-1.3

D
D

0.99998
0.99998

-0.4
0.5

D
I

0.998799
0.00002

NM_002989.1

CCL21

-0.1

NC

0.596188

2.8

I

0.00002

2.1

I

0.000023

U58913.1
Pattern 4

CCL23

-0.3

NC

0.5

1.4

I

0.000692

0.9

I

0.000147

NM_000609.1

CXCL12

0.4

NC

0.118009

-0.8

D

0.999727

-0.4

NC

0.777251

NM_002993.1

CXCL6

0.3

NC

0.088938

-1

D

0.999226

-0.6

NC

0.930187

NM_013246.1
Pattern 5

CLC

-0.1

NC

0.5

-0.1

D

0.996959

-1.2

NC

0.98579

NM_006273.2

CCL7
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NC

0.5

-0.8

NC

0.977068

-0.7

D

0.999759

M57731.1

CXCL2

-1

D

0.99288

-0.5

NC

0.900148

-1.5

D

0.995927

Pattern 3

Pattern 6
AF348491.1

CXCR4

-1.7

D

0.99998

1.8

I

0.00002

0.1

NC

0.094279

NM_000584.1

IL8
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D

0.999965

1.1

I

0.001486

-0.2

NC

0.5

NM_004166.1

CCL15

-1.4

D

0.99998

0.4

I

0.000552

-0.9

D

0.99998

Pattern 0
NM_016602.1

CCR10

1.1

NC

0.028766

-0.4

NC

0.62112

0.4

NC

0.019624

NM_002416.1

CXCL9

0.1

NC

0.5

-0.4

NC

0.814019

-0.2

NC

0.692594

AF275260.1

CXCL16

0.5

NC

0.5

-0.4

NC

0.5

0.1

NC

0.013078

AF030514.1
AF145439.1

CXCL11
CCR9

-1
0.3

NC
NC

0.692594
0.5

0.9
-0.7

NC
NC

0.018128
0.973302

0.2
-0.9

NC
NC

0.078937
0.938478

NM_001295.1

CCR1

0.4

NC

0.5

-0.8

NC

0.822588

-0.3

NC

0.881991

NM_002983.1

CCL3

0.3

NC

0.5

-0.5

NC

0.506476

-0.5

NC

0.60871

AF266504.1

CCL28

0.3

NC

0.177412

-0.9

NC

0.987976

-0.6

NC

0.854318

D: decrease; I: increase; NC: no change.

tipped in favor of angiogenesis, the “angiogenic switch”
was on[14] , and the ECs consequently degraded the local
basement membrane, migrated into the underlying stroma,
proliferated, and formed capillary sprouts[15].
The basal morphologic process of angiogenesis includes
sprouting, branching and network formation. The molecular
mechanisms underlying these characteristic morphologic
changes are now under deep investigation and a variety of
in vitro 3-D models have been employed. However, because
of different systems employed, the results were usually
different, or even controversial. Thus, we must keep in
mind that any in vitro system can only reflect in vivo scenario
from one respect, and more steps of the process should be
considered when we choose the model system for
investigation of molecular mechanisms of angiogenesis. In
addition, the EC and the 3-D matrix are also the critical
factors, which have great effects on the results. It has thus
been emphasized that microvascular ECs are mandatory
for the angiogenesis investigations[16].
In the present study, we developed an in vitro
angiogenesis system based on MCs, HMVECs and fibrin
matrix. With this system, and under the stimulation of
angiogenic factors, such as bFGF and VEGF, we observed
all the characteristic steps of in vivo angiogenesis, including
sprouting, branching and network formation. As shown in
a previous study, the morphological changes were dosedependent on the growth factor used[7]. Thus, we believe

that this system has an advantage over the model employed
by Bell et al [5] , for the mechanism investigation of
angiogenesis, because in the latter system, the ECs were
suspended in the matrix as single cells, and all cells underwent
morphologic changes at the same time, which was assumed
to be closer to vasculogenesis as discussed by the authors[5].
For the molecular mechanisms, microarray analysis has
proved to be an efficient strategy. Using rigorous and tightly
controlled experimental conditions, tightly controlled
biological replicates, and multiple comparisons, gene
expression profiling using microarray technology can yield
reliable, highly validated results. For example, Gerritsen
et al[17,18], identified over 1 000 differentially expressed genes
as regulated in a 3-D collagen gel model of endothelial
differentiation using the Affymetrix oligonucleotide technology combined with software analysis packages. Several
hundred of these genes were selected for further evaluation
by an independent method (RT-PCR) and greater than 95%
of the genes identified were shown to be regulated in a
manner suggested by the results from the oligonucleotide
array. In the present study, we also utilized the Affymetrix
oligonucleotide array to compare the gene expression
profiles during the capillary morphogenesis and the data
analyzed were associated with the morphologic changes. We
identified discrete subsets of genes that were up-regulated
or down-regulated during the process. We also classified
the regulated genes into groups according to their changing
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patterns, which enabled us to explain their significance in
their complicated context.
Among the data obtained from the array, we focused
our interest on the chemokines and chemokine receptors.
Chemokines are a family of small secreted proteins that,
depending on the spacing or presence of four conserved
cysteine residues, have been classified into CC, CXC, CX3C
and C chemokines[19]. CXC chemokines can be further
divided into two groups of molecules (ELR+and non-ELR)
according to the presence or absence of an ELR (Glu–
Leu-Arg) motif. It has been demonstrated that many types
of malignant cells could express chemokines such as
RANTES, MCP-1, IL-8, and the expression of these
chemokines by tumors were found to be correlated with
the tumor angiogenesis and progression[20-22]. It has also been
found that ECs are capable of binding and responding to a
number of chemokines[23-28]. For example, CXC chemokines,
such as CXCL8/IL-8, CXCL1/Gro-, CXCL2/Gro-,
CXCL4/PF-4 and CXCL10/IP-10 have been implicated
in the regulation of EC functions including the stimulation
and inhibition of proliferation, angiogenesis and cell
migration[29-31]. A proposed theoretical model about the role
of chemokines in the angiogenesis is that the chemokines
expressed and secreted from malignant cells (or other type
of cells) could interact directly with the special receptors
on ECs, or recruit leukocytes, which in turn could produce
angiogenic factors that then bind to the special receptors
on the ECs, exert their specific roles in regulating the EC
functions[32].
However, the roles of chemokines and their receptors
in angiogenesis still remain to be further elucidated. In fact,
many chemokines have been confirmed to be angiogenic
or angiostatic, directly or indirectly by regulating other
factors. ECs of different origins can express not only
chemokine receptors as targets of chemokines from other
cells, but also chemokines themselves, which can improve
the adhesion of leukocytes to the endothelium, or regulate
endothelial functions in autocrine ways[32-36].
In this study, several genes for chemokines were also
identified, including CXCL1/GRO-, CXCL2/GRO-,
CXCL5/ENA-78, CXCL6/GCP2, IL-8/CXCL8,
CXCL12/SDF-1, CXCL9/Mig, CXC11/ITAC, and CCL2/
MCP-1, CCL3, CCL5/RANTES, CCL7, CCL15, CCL21,
CCL23, CCL28, and CX3CL1. The chemokine receptors
identified included CCR1, CCR9 and CXCR4. During
capillary morphogenesis, these genes underwent different
changing patterns. Although the exact roles of these
chemokines and chemokine receptors during angiogenesis
need further investigation, the changing patterns have given
many hints to their possible functions. For example, as
described above, the specific up-regulation of CCL2/MCP-1,
CCL5/RANTES and CX3CL1/fractalkine in the sprouting
process might suggest their important roles at the early stage
of angiogenesis.
In conclusion, the present study demonstrates a global
profiling of the gene expression during endothelial capillary
morphogenesis, and the resu lts provide us much
information about the molecular mechanisms of angiogenesis, with which further evaluation of individual genes can
be conducted.
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Abstract
AIM: To study the expressions of intestinal trefoil factor
(ITF) and proliferating cell nuclear antigen (PCNA) and
histologic changes in intestine, to investigate the relationship
between ITF and intestinal damage and repair after
intrauterine hypoxia so as to understand the mechanism of
intestinal injury and to find a new way to prevent and
treat gastrointestinal diseases.
METHODS: Wistar rats, pregnant for 21 d, were used to
establish animal models of intrauterine asphyxia by
clamping one side of vessels supplying blood to uterus
for 20 min, another side was regarded as sham operation
group. Intestinal tissues were taken away at 0, 24, 48
and 72 h after birth and stored in different styles. ITF
mRNA was detected by RT-PCR. PCNA expression was
measured by immunohistochemistry. Intestinal tissues
were studied histologically by HE staining in order to
observe the areas and degree of injury and to value the
intestinal mucosa injury index (IMDI).
RESULTS: ITF mRNA appeared in full-term rats and
increased with age. After ischemia, ITF mRNA was decreased
to the minimum (0.59±0.032) 24 h after birth, then began
to increase higher after 72 h than it was in the control
group (P<0.01). PCNA positive staining located in goblet
cell nuclei. The PCNA level had a remarkable decline
(53.29±1.97) 48 h after ischemia. Structure changes were
obvious in 48-h group, IMDI (3.40±0.16) was significantly
increased. Correlation analyses showed that IMDI had a
negative correlation with ITF mRNA and PCNA (r = -0.543,
P<0.05; r = -0.794, P<0.01, respectively).
CONCLUSION: Intrauterine ischemia can result in an early

INTRODUCTION
Intestinal trefoil factor (ITF) is a member of the trefoil
peptide family[1,2], which is important in maintenance and
repair of the intestinal mucosal barrier [3] and was first
discovered and named by Suemori et al [4] , in 1991.
Researchers have demonstrated that ITF can protect cells
of intestinal mucosa from damage mediated by many kinds
of injury factors[5,6]. It can-not only stimulate cell migration
and proliferation, promote epithelial cell repair [7,8], but
also interact with mucus, stabilize mucus gel by perhaps
interacting with intestinal mucin and increasing the
viscosity [9] . So it is important in the self-protection
mechanism of intestine.
Proliferating cell nuclear antigen (PCNA) is a kind of
intranuclear protein, which is an assistant protein of DNase[10].
It has no specificity of species, genus and tissue, exists in
the cells, expressing in phages G1 and S, so it has been
widely used to mark cells of S phage. In this point PCNA is
a perfect marker to evaluate cell proliferation[10].
There are almost 70% neonates with birth asphyxia
complicating varied degree damages of organs such as heart,
brain, kidney and gastrointestine[11]. Among which the rate
of gastrointestinal injury is 33% and even higher than that
of brain damage.
Whether the damage of intestine has a relationship with
ITF and PCNA remains unknown[12]. In this study, the model
of intrauterine asphyxia of rats and the methods of RTPCR and immunohistochemistry were used to explore the
expressions of ITF and PCNA, to observe the histologic
changes of intestine so as to understand the mechanism of
intestinal injury after asphyxia and to find a new way to
prevent and treat gastrointestinal diseases.
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MATERIALS AND METHODS
Animal model
Sixty-three Wistar rats (53 females and 10 males, weighing
270±30 and 300±20 g respectively) were provided by the
Animal Center of China Medical University No. 2 hospital.
According to the methods of Mamoru et al, and Terry et
al[13,14], models of intrauterine acute ischemia were established
by clamping one side of vessels supplying blood to uterus
of 21-d pregnant Wistar rats for 20 min and the other side
was regarded as sham operation group. When the prescribed
time was reached, uterus horn was opened rapidly and pups
were taken out. A total of 144 surviving baby rats were
enrolled in this study, which were fed by other step-mother
rats for 0, 24, 48 and 72 h, respectively, then 18 baby rats in
each group were killed and 100-200 mg intestinal tissue (taken
from 3 to 4 baby rats) was stored at -80 ℃ as samples for
ITF mRNA, five samples at each time point. In each
intestinal tissue, 0.5-cm intestinal tissue was fixed in 40 g/L
fo r m a ld ehyd e fo r HE s t a in ing a nd P C N A
immunohistochemistry study.
RT-PCR for detection of ITF mRNA
Total RNA was isolated from intestine samples using
TRIzol reagent (Promega Co., USA). Two microliters of
total RNA were used as a template to synthesize cDNA.
The resulting cDNA was used as a template for subsequent
PCR (TaKaRa Co., Ltd). A 236-bp fragment of ITF was
amplified from single-stranded DNA by PCR using two
oligonucleotide primers to ITF sequence: sense primer,
5’TTT GAC TCC AGC ATC CCA 3’, and antisense primer,
5’CGC AAT TAG AAC AGC CTT G 3’ (synthesized by
AuGCT Biotechnology Co., Beijing). Meanwhile, amplification
of -actin was performed on the same RNA samples to
assess RNA integrity. Reaction mixture for PCR contained
cDNA template 4 µL, dd H2O 11.8 µL, 5× buffer 5 µL,
dNTPS 2 µL, TaqE 0.2 µL, primers A and B each 1 µL.
Forty-five cycles of PCR were conducted at 94 ℃ for 4 min,
at 60.6 ℃ for 1 min, at 72 ℃ for 90 s, at 72 ℃ for 7 min.
Agarose gel electrophoresis was used to detect the amplified
ITF products. The density of bands was assessed and the
amount of ITF mRNA was determined according to the
ratio to -actin[15].
Immunohistochemistry for PCNA
The samples were fixed in 40 g/L formaldehyde and embedded
in paraffin. Five-micrometer thick serial sections of paraffin
blocks were dewaxed and rehydrated. PCNA monoclonal
antibody and SABC correlated reagents were purchased
from Zhongshan Biotechnology Co., Beijing. Detection was
carried out according to instructions. Five views were
randomly selected in each tissue section, measured under a
400× microscope and analyzed with Meta Morph software
to assess the average gray density.
Determination of intestinal mucosa damage index (IMDI)
Samples were fixed in 40 g/L formaldehyde and embedded
in paraffin, then cut into 5-µm sections and stained with
HE. Three sections of each tissue, five sights of each section
were selected randomly to observe under a microscope,
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the areas and degree of injury and IMDI were evaluated
by an expert pathologist using double blind. The standard
was suggested by Chiu et al[17], and Okur et al[18].
Grade 0: Normal mucosal villi.
Grade 1: Development of subepithelial Gruenhagen’s
space, usually at the apex of the villus, often with capillary
congestion.
Grade 2: Extension of the subepithelial space with
moderate lifting of epithelial layer from the lamina propria.
Grade 3: Massive epithelial lifting down the sides of
villi. A few tips might be denuded.
Grade 4: Denuded villi with lamina propria and dilated
capillaries exposed. Increased cellularity of lamina propria
might be noted.
Grade 5: Digestion and disintegration of lamina propria,
hemorrhage and ulceration.
Statistical analysis
Data were expressed as mean±SD. Results were analyzed
with t test and LSD test (q test). Spearman’s method was
used for correlation analysis by SPSS 10.0 software.

RESULTS
Changes of ITF mRNA expression in intestine after intrauterine
asphyxia
RT-PCR showed that expression of ITF mRNA appeared
in full-term rats and increased with age. After ischemia, ITF
mRNA expression decreased to the minimum (0.59±0.032)
24 h after birth, and then began to increase. It was even
higher 72 h after birth than it was in the control group
(P<0.01) (Figure 1 and Table 1).

Marker 1

2
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5
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7

8

-actin
→236 bp

ITF

Figure 1 ITF mRNA expression in intestine after intrauterine asphyxia
detected by RT-PCR. Lane 1: after intrauterine asphyxia 0-h group; lane 2:
control group; lane 3: after intrauterine asphyxia 24-h group; lane 4: control
group; lane 5: after intrauterine asphyxia 48-h group; lane 6: control group;
lane 7: after intrauterine asphyxia 72-h group; lane 8: control group.

Immunohistochemical results of PCNA after intrauterine
asphyxia
Goblet cell nuclei were positively stained in intestinal mucosa
of full term rats. The PCNA level had a remarkable decline
(53.29±1.97) 48 h after ischemia, then began to increase,
but was still lower than that in the control group 72 h after
birth. There was a significant difference between ischemic
and control groups (P<0.01) (Figures 2A and B; Table 1).
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Table 1 Changes of expression of ITF mRNA, PCNA and IMDI after intrauterine asphyxia (n = 18, mean±SD)
ITF mRNA

PCNA

IMDI

Age (h)

a

Experimental

Control

Experimental

Control

Experimental

Control

0

0.86±0.043a,d

0.97±0.016

56.75±1.18a,d

65.24±2.67

0.67±0.16b,d

0

24

0.59±0.032a,d

0.98±0.011

55.22±2.14b,d

66.17±2.10

2.47±0.17b,d

0

48
72

0.83±0.022a,d
1.19±0.023a,d

0.99±0.025
1.07±0.021

53.29±1.97b,d
61.80±2.72b,d

72.17±3.19
74.48±1.33

3.40±0.16b,d
1.60±0.21b,d

0
0

P<0.05 vs control group; bP<0.01 vs control group; dP<0.01 vs other experimental groups.

Change of histology and IMDI
Histologic examinations of normal newborn rats showed
that their intestinal tissues were almost mature. After ischemia,
lamina propria hyperemia might be noted 24 h after birth,
extension of the subepithelial space with moderate lifting
of epithelial layer from the lamina propria could be
observed. Structural changes were obvious in 48-h group,
denuded villi with lamina propria and dilated capillaries were
exposed, cellularity of lamina propria was increased, quantity
of villi was declined, IMDI (3.40±0.16) was significantly
increased. Seventy-two hours after birth, although the
quantity of villi was still less than that in the control group,
changes recovered remarkably. The intestinal mucosa of
control group had almost no damage (IMDI was 0).
Correlation analyses showed that IMDI had a negative
correlation with ITF mRNA and PCNA (r = -0.543, P<0.05;
r = -0.794, P<0.01, respectively) (Figures 3A and B; Table 1).

DISCUSSION
Neonatal asphyxia is a common disease during perinatal,
which happens in uterus and during labor with a high

A

B

Figure 2 Immunohistochemical results of PCNA (400×). A: Positive staining of
intestinal mucosal goblet cell nuclei; B: Decline of PCNA positive staining 48 h
after intrauterine asphyxia.

morbidity and mortality in newborns. Previous studies[18,19]
showed that the rate of gastrointestinal injury was 33% and
even higher than that of brain damage. However, research
has been hardly done on the mechanism of intestinal injury.
Studies have demonstrated that there were changes in levels
of blood gastrin and motilin in patients with asphyxia[20,21]
and they might suffer from more attacks of gastroesophageal
acid reflux than the normal controls [22] . There were also
changes of free radicals in intestine after hyperoxiainduction[23]. But it is of great value to discuss the maturity
and perfection of intestinal mucosal barrier, whether the
barrier is damaged and what happens in the proliferation
and repair ability after damage.
A previous study showed that among the growth factors,
ITF was most closely associated with intestine and was the
initiators of mucosal healing[24]. ITF is a new kind of growth
factors secreted by goblet cells[25] into the lumen of the
intestinal tract[26] with a characteristic structure of trefoil
configuration[1], so it not only has the promoting effect on
cell proliferation as a common growth factor, but also could
combine with mucin glycoproteins to stabilize the mucus

A

B

Figure 3 Intestinal tissue HE staining (400×). A: Mature intestinal tissue in
normal newborn rats; B: Obvious structural changes, denuded villi with lamina
propria and exposed dilated capillaries increased cellularity of lamina, declined
quantity of villi 48 h after intrauterine asphyxia.
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gel[3] and prevent the damage caused by proteolytic enzymes
and mechanical pressure[27]. In this way, ITF could be looked
as a protection factor of intestine[2].
ITF mRNA expression was detected at transcriptional
level at different time points after birth in rats with asphyxia
in our study. It was found that at birth, the ITF had a certain
expression and with time, the expression increased. After
asphyxia, ITF mRNA expression decreased. The synthesis
ability of ITF of goblet cells decreased and reached the
lowest point 24 h after birth, and then increased. It increased
more than that in control group 72 h after birth. It was
considered as a reflect reaction to injury repair. At this time,
the intestinal mucosa began to proliferate fast along with
the recovery of intestine function.
The other factor causing damage of the integrity of
intestinal mucosal barrier can inhibit intestinal epithelial cell
proliferation. Intestinal epithelial cells have the characteristics
of short proliferating cycle and strong growth ability, so the
intestine could self-repair well. PCNA has no specificity of
species, genus, tissue and presense in actively proliferating
cells. PCNA is a perfect cell proliferating index in normally
proliferating cells and in certain tumor tissues and has already
been used as a routing method to test proliferating cells at
present[28,29]. It was also demonstrated that the change of
PCNA expression increased DNA duplication and cell
proliferation[30-32]. The expression of PCNA also increased
in intestine of dogs after ischemia and reperfusion [33].
Immunohistochemical technology revealed that the PCNA
level had a remarkable decline 48 h after asphyxia, recovered
partly after 72 h, but was still lower than that in the control
group, suggesting that asphyxia can decrease the proliferating
ability of epithelial cells.
At the same time, histologic examination of intestine
showed that intestinal mucosa was injured widely and IMDI
increased significantly, and then recovered. Correlation
analysis showed that IMDI had a negative correlation to
ITF mRNA and PCNA. In this way, a low proliferating
ability would lead to a low repair ability and perhaps the
decline of intestinal mucosa to secrete ITF is associated
with dysfunction of mucosal-barrier and the disability of
mucosa repair. Whether other factors are involved should
be further studied. Feng et al [33] , studied the relationship
between ITF and intestinal damage and repair in rats
suffering from severe burns, and found the similar results.
The distinct three-loop secondary structure of ITF could
contribute to the remarkable resistance to acid and proteolytic
digestion, enabling them to function in the harsh environment
of the gastrointestinal tract while maintaining biologic
activity [34,35]. It could not affect pH and gastroenteric
motility[36], but could stabilize mucus gels so as to protect
intestinal mucosa against all kinds of damage factors.
Further study should be done to explore whether enteral
administration of ITF can prevent and treat intestinal injury
caused by asphyxia[37-41].
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Abstract
AIM: To identify the genes differentially expressed in
the regenerating rat liver of 0-4-8-12 h short interval
successive partial hepatectomy (SISPH) and to analyze
their expression profiles.
METHODS: Five hundred and fifty-one elements
screened from subtractive cDNA libraries were made
into a cDNA microarray (cDNA chip). Extensive gene
expression analysis following 0-4-8-12 h SISPH was
conducted by microarray.
RESULTS: One hundred and eighty-three elements were
selected, which were either up- or down-regulated more
than 2-fold at one or more time points after SISPH. Cluster
analysis and generalization analysis showed that there
were five distinct temporal patterns of gene expression.
Eighty-six genes were unreported, associated with liver
regeneration (LR).
CONCLUSION: Microarray analysis shows that the down
regulated genes are much more than the up-regulated
ones in SISPH; the numbers of genes expressed consistently
are fewer than that expressed immediately; the genes
expressed in high abundance are much fewer than that
increased 2-5-fold. The comparison of SISPH with
partial hepatectomy (PH) shows that the expression
trends of most genes in SISPH and in PH are similar,
but the expression of 43 genes is specifically altered in
SISPH.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver has a capacity to regain original mass after partial
hepatectomy (PH)[1-6]. It was confirmed that a great deal of
genes participate in liver regeneration (LR), and the genes
expressed in the different phases of LR were various, and
that hepatocytes progressing from G0 phase to G1 phase
occurred in 2-6 h after PH[7,8]. Despite numerous related
papers, it is still not thoroughly elucidated how many genes
participate in LR and what its molecular mechanism is[9-15].
To get sight into the mechanism of LR, we established the short
interval successive partial hepatectomy (SISPH) model[16],
which could offer the useful materials for studying specific
gene expression at various crucial points of LR [17,18] . To
seek some novel differential display genes responsible for
LR, the method of subtracted suppression hybridization
was used to obtain a bulk of up-regulated and down-regulated
expression sequence tags (ESTs) in the regenerating rat
liver. With development of cDNA microarray technology,
genomewide expression of thousands and thousands of
activated or suppressed genes can be simultaneously analyzed
under various biological conditions[19-21]. To further explore
the genes participating in LR, the present study successfully
identified the gene expression profile in regenerating liver
following 0-4-8-12 h SISPH by microarray, and some
important information was achieved by analyzing the data
using Microsoft Excel and GeneSpring.
MATERIALS AND METHODS
Rat model of SISPH
Male and female Sprague-Dawley (SD) rats, aged 10-12 wk,
weighting 200-220 g, were raised in Experimental Animal
Center of Henan Normal University (HNU). According to
Xu et al, lobus external sinister, lobus centralis sinister, lobus
centralis and lobus dexter were removed one by one at
four different time points of 0, 4, 8, 12 h, which is named
as 0-4-8-12 h SISPH.
Sample preparation and RNA isolation
The removed liver lobus was rinsed in cold 1×PBS and
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immersed and stored in -80 ℃ refrigerator for RNA and
protein extraction. Total RNA was isolated from frozen
liver lobus according to the manual of TRIzol kit of
Invitrogen. In brief, 50-100 mg liver tissue was homogenized
in 1 mL TRIzol reagent containing phenol and guanidinium
isothiocyanate/cationic detergent, followed by phenolchloroform extraction and isopropyl alcohol precipitation.
The quantity and integrity of total RNA was examined by
ultraviolet spectrometer and denaturing formaldehyde
agarose electrophoresis stained by ethidium bromide.
Subtracted cDNA library construction and screening
cDNA subtracted libraries were generated from total RNA
by PCR-SelectTM cDNA Subtraction kit (Clontech) following
the manufacturer’s instruction. Briefly, total RNA was
transcribed into double cDNA strands and digested with
restriction enzymes, followed by subtracted hybridization
with drivers and testers. Finally with suppression polymerase
chain reaction (PCR), differential ESTs were used to
construct subtracted cDNA library. The latter was cloned
into T/A vector and screened by PCR with nested primer
1 and 2.
cDNA microarray construction
cDNA fragments amplified by PCR with nested PCR
primers 1 and 2 and purified by NaAc/isopropyl alcohol
were spotted onto glass slides (Biostar) with the help of
ProSys-5510A spotting machine following designed
project. Then the gene chips were ready by hydration
and blockage and drying. Totally 1 152 elements (double
spot chip) including 50 control system (8 negative control,
12 blank control, 30 internal control) and 551 target genes
to be studied comprised 8 submatrixes (12*12) occupying
9 mm×18 mm (Biostar). Then the gene chips were ready
by hydration, blockage and drying.
Fluorescence-labeled cDNA preparation
RNA isolated from rat livers before SISPH was ready for a
reference for all cDNA microarray analyses. Totally
denatured RNA was reversely transcribed with cy3conjugated dCTP (control group) and cy5-conjugated dCTP
(test group) (Amersham-Pharmacia Biotech) using MMLV
reverse transcriptase (Promega) with olig (dT) primer. After
bath incubation for 2 h, labeled buffer I and II were
subsequently added to the reaction. The control group and
test group were mingled together symmetrically and stored
in the dark until use.
Hybridization and scanning
The glass slices were prehybridized at 42 ℃ for 5-6 h in
hybridization buffer containing freshly cooked shared salmon
sperm DNA. The labeled denatured probe was hybridized
against cDNA microarrays with overnight (16-18 h)
incubation at 42 ℃. The slides were then washed twice
with 2× SSC containing 0.5% SDS for 5 min at room
temperature, once with 0.2× SSC containing 0.5% SDS at
60 ℃ for 10 min, and finally with 0.2× SSC at 60 ℃ for
10 min. The slices were exposed to photographer. Hybridized
images were scanned by a fluorescence laser scanning device,
Gene Pix 4000A (Axon Instruments, Inc., Foster City, CA).
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At least two hybridizations were performed at each time
point. In addition, a semiquantitative inspection of the
hybridization results was performed for (1) green signal
(down-regulation); (2) yellow signal (no obvious regulation);
(3) red signal (up-regulation).
Data analysis
The cy3 and cy5 signal intensities were quantified by Gene
Pix Pro 3.0 software (Axon Instruments, Inc., Foster City,
CA). Subsequently, we normalized the obtained numerical
data with classical linear regression techniques. In brief,
quantified cy3 and cy5 signal intensities were obtained when
foreground signal intensities were deducted by background
signal intensities and cy5 signal intensities was replaced by
200 when it was <200. When Ri (Ri = cy5/cy3) was between
0.1 and 10, R i was taken as logarithms base natural to
generate R i’[log (R i)] and ND was taken by EXP (R)
(averaged R i’). The modified cy3* was generated by ND
multiplying cy3 and was replaced by 200 when it was <200.
The ratio was expressed by cy5/cy3*. Therefore, we selected
genes whose ratio was more than 2 or less than 0.5
representing a 2-fold difference in expression level.
To analyze the selected gene expression data, we applied
-means cluster analysis, and performed GeneMaths
hierarchical clustering to appraise the number of groups.
Whole analyses were executed with Microsoft Excel
(Microsoft, Redmond, WA) and GeneSpring (Silicon
Genetics, San Carlos, CA).
Chromosome location and functional prediction of the novel
ESTs
All the clones of ESTs were sequenced by TaKaLa and
blasted in NCBI. The unreported ESTs were searched at
http://www.ncbi.nlm.nih.gov/genomeguide/rat/index.
html/ for gene location in chromosome and gene
corresponding whole genome shotgun. In virtue of rat
genome database, electronic cloning and chromosome
location of the unreported ESTs representing novel cDNA
full-length were performed successfully (data not shown).
By delivering the clones sequences to http://genes.mit.edu/
GENSCAN.html/, we acquired corresponding coding
domain sequences (CDS) supported by the ESTs. Compared
with known proteins by BLASTP (http://www.ncbi.nlm.
nih.gov/BLAST/), their function and accession number
were achieved.

RESULTS
Category of genes identified in the 0-4-8-12 h SISPH
One hundred and eighty-three elements altered by more
than 2-fold intensity at least at one time point in the 0-4-812 h SISPH were identified and selected, of which, 77 were
up regulated and 106 were down regulated. Eighty-six of
them belonged to the unreported novel genes, and the other
97 were reported, of which quite a few genes had been
previously reported to be involved in LR. Following the
functions of the reported genes and the time points at which
they attained maximum up or down-regulation, they were
respectively categorized into 21 groups: the genes involved
in stress response, in glycometabolism, in stearoyl metabolism,
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proteises, cytoskelets, marker proteins, amino acid enzymes,
proteolytic enzymes, proteinase inhibitors, phosphorylase,
phosphatases, synthases and transferases (Table 1).

Table 1 Genes related to LR altered in SISPH
No. Gene description
Unreported genes
1 CH230-206C20
2 CH230-403C20
3 CH230-329D3
4 CH230-372C24
5 CH230-7A22
6 CH230-11N5
7 CH230-4L11
8 CH230-211F21
9 CH230-155H3
10 CG31759-PA
11 Citb585c7
12 D930042H13
13 DNA segment of Chr 1 (Wsu94)
14 DNA segment of Chr 17 (Wsu94)
15 KIAA0205
16 KIAA1376
17 LOC303588
18 LOC333273
19 LRRP Cc1-27
20 LRRP Aa2-028
21 LRRP Aa2-111
22 LRRP Aa2-174
23 LRRP Aa2-258
24 LRRP Ab1-021
25 LRRP Ab1-022
26 LRRP Ab1-114
27 LRRP Ab1-216
28 LRRP Ab1-334
29 LRRP Ab2-001
30 LRRP Ab2-034
31 LRRP Ab2-037
32 LRRP Ab2-051
33 LRRP Ab2-131
34 LRRP Ab2-132
35 LRRP Ab2-225
36 LRRP Ab2-232
37 LRRP Ab2-255
38 LRRP Ab2-371
39 LRRP Ab2-389
40 LRRP Ab2-402
41 LRRP Ab2-416
42 LRRP Ab2-417
43 LRRP Ab2-427
44 LRRP Ab2-440
45 LRRP Ac1-060
46 LRRP Ac1-158
47 LRRP Ac1-177
48 LRRP Ac1-233
49 LRRP Ac1-873
50 LRRP Ac2-061
51 LRRP Ac2-067
52 LRRP Ac2-143
53 LRRP Ac2-210
54 LRRP Ba1-647
55 LRRP Bm403207
56 LRRP Cb1-727
57 LRRP Cb1-739
58 LRRP Cc1-27
59 LRRP Cc1-38
60 LRRP Cc1-9
61 LRRP zbs559

Fold difference

0.3
0.5
2.2
0.1
0.1
2.1
3.5
0.4
0.5
2.9
0.2
0.3
3.8
2.0
0.4
0.4
2.0
2.9
0.3
3.1
0.2
0.3
0.5
9.1
0.5
3.5
3.5
4.4
0.3
0.3
0.5
2.1
0.3
0.4
0.3
0.2
0.2
0.1
0.5
0.2
0.3
0.2
0.5
0.3
0.3
2.1
7.3
5.6
4.6
6.4
2.6
2.0
2.3
3.3
7.7
0.4
2.2
0.3
0.1
3.5
3.5

No. Gene description

62 LRRPAb2-132
63 MGC10946
64 MGC38937
65 MGC5178
66 mKIAA0665
67 RIKEN 1300002A08
68 RIKEN 1600027G01
69 RP11-281N10
70 RP11-586K2
71 RP23-100C5
72 RP23-165H7
73 RP23-235O1
74 RP23-28G130
75 RP23-32O9
76 RP23-417P22
77 RP23-476D16
78 RP23-480P21
79 RP23-92K11
80 RP24-347B22
81 Rp32-28p17
82 U48828
83 Adult male liver cDNA
84 Mouse mRNA
85 Open reading frame 31
86 13 d embryo liver cDNA
Stress response
87 Acute-phase protein alpha-1-inhibitor 3
88 alpha-1 major acute phase protein prepeptide
89 Angiotensinogen (Agt)
90 Kininogen
91 T-kininogen (Kng)
Glycometabolism
92 alpha enolase (Enolase 1)
93 Isocitrate dehydrogenase 1 (Idh1)
94 3-Phosphoglycerate dehydrogenase
Fatty and stearoyl metabolism
95 Bile acid CoA ligase
96 Malonyl-CoA decarboxylase
97 Methylmalonate semialdehyde dehydrogenase
98 P450 cholesterol 7-alpha-hydroxylase (P450 VII)
99 NAD (P) dependent steroid dehydrogenase
100 3-alpha-hydroxysteroid dehydrogenase
Oxidation and reduction
101 Acyl-coA oxidase
102 Alcohol dehydrogenase (ADH)
103 Cytochrome b5 (Cyb5)
104 Cytochrome P450
105 Cytochrome P450 15-beta gene (Cyp2c12)
106 Cytochrome P450 2E1
107 Cytochrome P450, 2c39 (Cyp2c39)
108 Cytochrome P450 (PNCN inducible, Cyp3A1)
109 Flavin-containing monooxygenase 1 (Fmo1)
110 Peroxisomal sarcosine oxidase (PSO)
111 Plasma selenoprotein P1 (Sepp1)
112 Small subunit precursor of RuBPCase
Regulation proteins
113 G-protein beta polypeptide 2-like 1 (Gnb2l1)
114 II-Protein with tetratricopeptide repeats 3
115 RAKb
Glycoproteins
116 apha-1-B glycoprotein (A1bg)

Fold difference

0.2
2.8
2.4
0.4
2.4
0.2
0.3
0.3
2.6
2.0
0.5
0.4
2.3
2.3
0.3
1.6
2.9
2.9
0.3
0.3
2.4
0.1
0.4
0.5
3.6
0.3
6.8
11.5
2.5
5.0
2.7
0.1
2.2
2.0
0.4
0.4
0.1
0.1
0.1
0.5
0.1
0.3
0.3
0.4
0.2
0.3
0.4
0.1
0.1
0.4
0.1
2.1
0.2
0.2
0.3
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117 Fibronectin 1 (Fn1)

3.0

151 Keratin 8 (Krt8)

118 Fibrinogen, gamma polypeptide (Fgg)
119 Myelin-associated glycoprotein (L-MAG)

8.0

Marker proteins
152 alpha globin

120 UDP-glucuronosyltransferase 2B3 (Udpgt)

8.4
0.4

121 TRAM1

0.3

Lipid-proteins
122 Adipose differentiation-related protein
123 Solute carrier family 20, mem 1 (Slc20a1)

4.6
0.4

Nucleolar proteins
124 Damage-specific DNA binding protein 1 (Ddb1)
125 Nuclear protein 1 (Nupr1)

0.5

153 Amyloid a-5 protein
154 Subchromosomal transferable fragment
Amino acid enzymes
155 Arginase 1 (Arg1)

2299
2.8
2.4
53.9
0.4

156 Argininosuccinate lyase (Asl)

6.4
5.6

157 Cytosolic aspartate aminotransferase

6.8

158 2-Hydroxyphytanoyl-CoA lyase (Hpcl2)
Proteolytic enzymes

0.3

126 Nucleolar protein family A, mem 2

2.9
2.9

159 Cathepsin C (Ctsc)

0.4

127 ORF2 endonuclease and Rnase H

0.5

160 Cathepsin D (Ctsd)

0.5

128 RNase A family 4
Receptors

0.3

161 Coagulation factor 2 (F2)
162 Neutrophil collagenase (Mmp8)

0.5

129 ATP-binding cassette, sub-family B

0.5

Proteinase inhibitors

130 ATP-binding cassette, sub-family C

0.1

163 alpha-2-macroglobulin (A2m)

5.1

131 Interleukin 1 receptor, type I (Il1r1)
132 Nuclear receptor subfamily 0, member 2 (Nr0b2)

7.3

164 alpha-trypsin inhibitor heavy chain
165 Contrapsin-like protease inhibitor related protein

0.4

0.4

Factors

166 Leuserpin-2 (Serpind1)

6.1
0.3
5.6

133 Amphoterin

0.5

167 Serine protease inhibitor 1

134 Angiogenin
135 Eukaryotic translation initiation factor 4A1

0.4

Phosphorylase
168 CDK103

136 Early growth response factor 1 (Egr1)
137 Neuropeptide Y (Npy)
138 NF-E2-related factor 2 (Nfe2l2)
139 Pre-B-cell colony-enhancing factor (Pbef)

3.5
4.3
11.3
0.3

140 ADP-ribosylation factor 3 (Arf3)

5.3
0.8

141 Angiopoietin-like 3

0.3

Hemoglobins
142 Hemoglobin, alpha 1 (Hba1)
143 Hemoglobin beta chain (Hbb)

2.4
2.5

Immunological proteises
144 Achaete-scute complex homolog-like 1 (Ascl1)

0.4

0.2

169 Purine-nucleoside phosphorylase

1.2
0.3

Phosphatases
170 Phosphatidylserine-specific phospholipase A1
171 Pyrophosphatase/phosphodiesterase 1(Enpp1)
172 Protein phosphatase 1 (GL-subunit)

4.9
3.1
0.2

Synthase
173 Carbamyl phosphate synthetase I
174 Fatty acid elongase 1 (rELO1)

2.5

175 Glutamyl-prolyl-tRNA synthetase (Eprs)

0.1
2.2

176 RNA cyclase

2.0

Transferases
177 Glutathione S-transferase, alpha 1 (Gsta1)
178 Glutathione S-transferase, type 3 (Yb3) (Gstm3)

0.3
0.5

0.3

179 Glutathione S-transferase Y(b) subunit

0.5

2.5

180 Serine hydroxymethyl transferase 1

0.4

Cytoskelets
149 Actin -beta

2.3

181 Sialyltransferase 1 (Siat1)
182 Sulfotransferase K2

0.2
0.2

150 Actin gamma

5.1

183 UDP-glucuronosyltransferase 2, mem 5 (Ugt2b5)

0.5

145 Complement component 5 (C5)
146 Complement component 6 (C6)

19.4
0.4

147 Immunoglobulin C kappa gene
148 JE/MCP-1

Gene expression differences at the various time points of the
0-4-8-12 h SISPH
The gene expression differences induced or suppressed at
4, 4-8, 4-12, 8, 8-12 h of SISPH are shown in Figure 1. At
4 h of SISPH, 5 genes expressed up over 2-fold (Figure
1A); at 4-8 h of SISPH, 2 genes expressed up over 2-fold
(Figure 1A); at 4-12 h of SISPH, 29 genes expressed up
(Figures 1B-E), of which 10 genes up over 5-fold (Figure 1B),
and 7 genes up over 10-fold (Figure 1C), and 10 genes
expressed down (Figures 1D and E); at 8 h of SISPH, 2
genes expressed up (Figure 1G) and 7 genes down (Figure 1F);
at 8-12 h of SISPH, 25 genes expressed down (Figures 1H
and I).
Gene expression level in the 0-4-8-12 h SISPH
According to the up- and down-regulated density of genes
in the 0-4-8-12 h SISPH, we categorized them into three
groups: (1) 106 genes were down-regulated by less than
50% (Figure 2A); (2) 54 genes were up-regulated by 2-5fold (Figure 2B); (3) 23 genes were strongly up-regulated
by more than 5-fold (Figure 2C).

Hierarchical cluster analysis of genes expressed in the 0-4-812 h SISPH
The expression profile of the 183 genes altered by more
than a 2-fold intensity at least at one time point in the 0-48-12 h SISPH was emanative to the last time point, which
indicated that LR at 12 h has not been completed yet, quite
active on the contrary (Figure 3A). We undertook hierarchical
clustering of four time points 0, 4, 8 and 12 h of SISPH
using GeneSpring software and discovered that gene
expression profiles had no similarity between the four time
points (Figure 3B). To facilitate the visualization and
interpretation of the gene expression program represented
in this very large body of data, we used the method of means to order genes on the basis of similarities in their
expression patterns and displayed the results in a compact
graphical format, generating seven kinds of ramose gene
expression clusters (Figure 3C). We then categorized the
183 elements into five distinct temporal induction or
suppression patterns following immediate induction, late
induction, consistent induction, late suppression, consistent
suppression (Figure 3D).
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Figure 1 Gene expression differences in 0-4-8-12 SISPH. A: 4 h, 4-8 h; B-E:

4-12 h; F and G: 8 h; H and I: 8-12 h.

Comparison of gene expression in SISPH with that in PH
Comparing gene expression profile in SISPH with that in
PH, we discovered that 43 genes were specially induced by
SISPH, and the expression of 140 genes were altered
simultaneously in both SISPH and PH, but the time points
of their expression and extent of up- and down-regulation
were different (Table 2).

4 h in SISPH and after PH and returned to normal level
there after, and that the activity peak of bile acid CoA ligase
appeared at the same time, indicating a role of hemoglobin
and amino acids transport in early phase of LR[22,23].
Thirty-six genes were up-regulated and reached a
maximum level at 8 h in SISPH, and then were down
regulated, in which 18 were unreported new genes and 18
were reported genes, with little knowledge about their
relationship with LR. These results showed that their
expression products could be necessary for the initiation of
S phase. Myelin-associated glycoprotein-binding activity of
novel sulfated GM1b, high-affinity ligands for neural siglecs
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This study found that hemoglobin alpha and beta were
immediately induced to synthesize in the residual liver at
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Figure 3 Cluster analysis of 185 elements. A: The difference of their intensity
was identified more than 2-fold at least at one time point; B: A hierarchical
clustering of five time points indicated that the genes in these time points hardly
had a common expression profile; C: The k-means method was used and

these genes were classified into seven clusters; D: Five distinct temporal
patterns were designated. a. Immediate induction; b. Late induction; c. Consistent
induction; d. Late suppression; e. Consistent suppression.

is reported important to nerve system regeneration[24] . It
may be available to repair liver or hepatocytes damage
caused by SISPH. A CPi-21 encoded by contrapsin-like
protease inhibitor is found to inhibit the proteolysis of Edman
to glycosylation proteins[25] . Abrupt increase of CPi-21 is
presumed to be beneficial to cell adherence in SISPH, in
which it was severely destroyed. Aspartate amino transformation
reaction catalyzed by aspartate aminotransferase is necessary
for accommodated purine, indicating liver cells need a great
deal of purine for DNA synthesis in SISPH and after PH.
Pre-B-cell colony-enhancing factor is known up regulated
in the infected fetal membranes[26], which was continuously
induced in the early phase of SISPH and PH, and lately
suppressed, suggesting that it is associated with recovery of
damage in LR. Translation initiation factor eIF-4A1 is
reportedly over expressed in human melanoma cells[27], whose
abundant expression in SISPH shows that it may participate
in protein synthesis in LR.
Forty-five genes were consistently up regulated and
reached a maximum level at 12 h in SISPH, in which 21
were unreported new genes, and the others were reported
genes, but whether they have relationship with LR is unknown
yet. JE/MCP-1 is known as a CC chemokine attracting
monocytes, basophils and T-lymphocytes responsible for
IL-1 and TNF-[28,29]. Its consistent induction is assumed
to be involved in relinquishing inflammation caused by
SISPH. It was confirmed that keratin 8 could form
characteristically intermediate filaments of liver and internal
epithelia, including derivative cancers, whose consistent
induction may help maintain hepatocyte structural and

functional integrity following trauma after SISPH. Tkininogen is important in the acute phase response to trauma
as a cysteine proteinase inhibitor[30] . IL-6 is confirmed to
act as a direct hepatic mitogen and potent liver growth factor
with potential clinical utility for increasing liver mass
following injury [31]. The augment of T-kininogen and
kininogen level in SISPH and PH may reveal that there is
an increasing response of kininogen promoter to IL-6 as
an LR signal. Serum amyloid -5 protein, precursor of
serum amyloid A, was successively and dramatically upregulated for more than 50-fold in SISPH and PH, probably
on account of IL-6 simulation in LR[32], indicating that they
have some positive role in LR, which is worth studying.
Angiotensinogen is already known to be induced by TNFNFB and the IL-6-STAT3 signaling pathways in PHx[33],
whose level was consistently increased by 11-fold in SISPH,
implying a role in avoiding excessive loss of hepatic blood
in LR. The successive increase of G-protein in SISPH and
PH suggests that DNA synthesis by cAMP in hepatocytes
are largely activated for LR[34]. The ensuing variations of
cAMP levels are supposed to modulate both growth and
differentiated functions during LR of SISPH. The advanced
transcription level of enolase 1 (-enolase) is supposed to
provide sufficient VEGF for LR of SISPH. Activity and
marked content increase of arginase in the previous period
of regenerating liver co-ordinated with other urea cycles’
enzymes[35,36]. The consistent induction of glutamyl-prolyltRNA synthetase (Eprs) may indicate that there is a great
demand for glutamyl to induce anti-toxin in LR after SISPH.
NPY localized exclusively to hepatic vascular walls is conceived
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Table 2 Comparison of difference of gene expression in SISPH with that in PH
Gene description

Change
SISPH

PH

Gene description

Change
SISPH

PH

Unreported genes
CH230-206C20

0.3

0.3

Isocitrate dehydrogenase 1 (Idh1)

CH230-403C20

0.5

0.2

Fatty and stearoyl metabolism

CH230-372C24

0.1

0.1

CH230-7A22

0.1

0.1

CH230-11N5

2.1

CH230-4L11

0.1

0.2

Bile acid CoA ligase

2.0

2.3

Malonyl-CoA decarboxylase

0.4

0.3

4.5

Methylmalonate semialdehyde dehydrogenase

0.4

0.2

3.5

4.5

3-alpha-hydroxysteroid dehydrogenase

0.1

0.2

CG31759-PA

2.9

0.5

Oxidation and reduction

D930042H13

0.3

0.3

Alcohol dehydrogenase (ADH)

0.1

0.1, 2.4

LRRP Cc1-27

0.3

0.3, 2.1

Cytochrome b5 (Cyb5)

0.3

0.2

LRRP Aa2-028

3.1

3.0

Cytochrome P450

0.3

0.2

LRRP Aa2-174

0.3

0.1

Cytochrome P450 15-beta gene (Cyp2c12)

0.4

0.2

LRRP Ab1-021

9.1

10.0

Cytochrome P450 2E1

0.2

0.1

LRRP Ab1-022

0.5

8.1

Cytochrome P450, 2c39 (Cyp2c39)

0.3

0.1

LRRP Ab1-114

3.5

4.2

Cytochrome P450 (PNCN inducible, Cyp3A1)

0.4

0.2

LRRP Ab1-216

3.5

6.8

Flavin-containing monooxygenase 1 (Fmo1)

0.1

0.1

LRRP Ab1-334

4.4

2.7

Peroxisomal sarcosine oxidase (PSO)

0.1

0.1

LRRP Ab2-001

0.3

0.2

Plasma selenoprotein P1 (Sepp1)

0.4

0.3

LRRP Ab2-132

0.4

0.1

Small subunit precursor of RuBPCase

0.1

0.1, 3.3

LRRP Ab2-225

0.3

0.3

Regulation proteins

LRRP Ab2-232

0.2

0.2

G-protein beta polypeptide 2-like 1 (Gnb2l1)

2.1

2.4

LRRP Ab2-371

0.1

0.4

II-Protein with tetratricopeptide repeats 3

0.2

0.2

LRRP Ab2-402

0.2

0.1

RAKb

0.2

0.2

LRRP Ab2-417

0.2

0.2

Glycoproteins

LRRP Ab2-427

0.5

0.4

apha-1-B glycoprotein (A1bg),

0.3

0.3

LRRP Ab2-440

0.3

0.3

Fibronectin 1 (Fn1)

3.0

7.2

LRRP Ac1-060

0.3

0.4, 2.3

Fibrinogen, gamma polypeptide (Fgg)

8.0

5.1

LRRP Ac1-177

7.3

0.5, 4.9

Myelin-associated glycoprotein (L-MAG)

8.4

0.3

LRRP Ac1-233

5.6

4.2

UDP-glucuronosyltransferase 2B3 (Udpgt)

0.4

0.3

LRRP Ac1-873

4.6

0.3

TRAM1

0.3

0.4, 3.3

LRRP Ac2-061

6.4

7.6

Lipid-proteins

LRRP Ac2-067

2.6

2.5

Adipose differentiation-related protein

4.6

7.3

LRRP Ac2-143

2.0

3.3

Solute carrier family 20, mem1 (Slc20a1)

0.4

0.4

LRRP Ac2-210

2.3

2.4

Nucleolar proteins

LRRP Ba1-647

3.3

3.2

Damage-specific DNA binding protein 1 (Ddb1)

0.5

0.3

LRRP Bm403207

7.7

2.9

Nuclear protein 1 (Nupr1)

2.9

0.5, 5.1

LRRP Cb1-739

2.2

2.3

Nucleolar protein family A, mem 2

2.9

3.9

LRRP Cc1-27

0.3

0.1, 2.2

ORF2 endonuclease and Rnase H

0.5

0.4

RNase A family 4

0.3

0.2

ATP-binding cassette, sub-family C

0.1

0.2

Interleukin 1 receptor, type I (Il1r1)

7.3

7.9

Nuclear receptor subfamily 0, member 2 (Nr0b2)

0.4

0.2

Amphoterin

0.5

0.3

Angiogenin

0.4

0.2

Eukaryotic translation initiation factor 4A1

3.5

3.8

Early growth response factor 1 (Egr1)

4.3

3.5

11.3

18.1

NF-E2-related factor 2 (Nfe2l2)

0.3

0.4

Pre-B-cell colony-enhancing factor (Pbef)

5.3

3.3

Angiopoietin-like 3

0.3

0.2

Hemoglobin, alpha 1 (Hba1)

2.4

0.3

Hemoglobin beta chain (Hbb)

2.5

0.3

Complement component 5 (C5)

19.4

16.5

Immunoglobulin C kappa gene

0.3

0.3

JE/MCP-1

2.5

4.0

Actin gamma

5.1

4.8

Keratin 8 (Krt8)

2.8

3.8

LRRP Cc1-38

0.1

0.2

LRRP Cc1-9

3.5

3.6

LRRP zbs559

3.5

3.1

LRRPAb2-132

0.2

0.1

MGC10946

2.8

2.8

MGC5178

0.4

0.4

RIKEN 1300002A08

0.2

0.3, 2.4

RIKEN 1600027G01

0.3

0.1

RP11-281N10

0.3

0.2

RP23-100C5

2.0

3.0

RP23-235O1

0.4

0.2

RP23-32O9

2.3

2.8

RP23-417P22

0.3

0.1

Rp32-28p17

0.3

0.3

U48828

2.4

0.2

Open reading frame 31

0.5

0.3, 2.8

3.6

5.9

6.8
11.5
2.5
5.0

66.4
8.4
5.9
0.2

2.7

3.9

13 d embryo liver cDNA
Stress response
alpha-1 major acute phase protein prepeptide
Angiotensinogen (Agt)
Kininogen
T-kininogen (Kng)
Glycometabolism
Alpha enolase (Enolase 1)

Receptors

Factors

Neuropeptide Y (Npy)

Hemoglobins

Immunological proteises

Cytoskelets
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Marker proteins
Amyloid a-5 protein
Subchromosomaltransferable fragment

53.9

90.4

0.4

0.3, 2.4
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Contrapsin-like protease inhibitor related protein

6.1

6.6

Leuserpin-2 (Serpind1)

0.3

0.2

Serine protease inhibitor 1

5.6

5.0

Phosphatases

Amino acid enzymes
Arginase 1 (Arg1)

6.4

3.5

Phosphatidylserine-specific phospholipase A1

4.9

2.8

Argininosuccinate lyase (Asl)

5.6

4.9

Pyrophosphatase/phosphodiesterase 1(Enpp1)

3.1

5.0

Cytosolic aspartate aminotransferase

6.8

7.4

Protein phosphatase 1 (GL-subunit)

0.2

0.2

2-Hydroxyphytanoyl-CoA lyase (Hpcl2)

0.3

0.4

Synthase
Carbamyl phosphate synthetase I

2.5

2.9

Cathepsin C (Ctsc)

0.4

0.4

Glutamyl-prolyl-tRNA synthetase (Eprs)

2.2

4.5

Cathepsin D (Ctsd)

0.5

0.3

RNA cyclase

2.0

0.2

Coagulation factor 2 (F2)

0.5

0.2

Transferases

Neutrophil collagenase (Mmp8)

0.2

0.2

Glutathione S-transferase, alpha 1 (Gsta1)

0.3

0.1

Glutathione S-transferase, type 3 (Yb3) (Gstm3)

0.5

0.3, 2.2

Glutathione S-transferase Y(b) subunit

0.5

0.3

UDP-glucuronosyltransferase 2 , mem 5 (Ugt2b5)

0.5

0.3

Proteolytic enzymes

Proteinase inhibitors
alpha-2-macroglobulin (A2m)

5.1

21.3

alpha-trypsin inhibitor heavy chain

0.4

0.2

and involved in more complex physiological response[37] .
The ascending mRNA level in SISPH was suggested to be
correlated to recover damaged vascular walls after hepatectomy.
The continuous elevation of nucleolar protein family A and
nuclear protein 1 (Nupr1) may ascribe to the need of DNA
synthesis for nuclear reconstruction of hepatocytes. The
successive induction of alpha 2-macroglobulin, as
homotetrimeric protease inhibitor, binding TGF- family,
is premised to participate in restraining protein degradation
in SISPH for accumulation of protein and prevention of
TGF- termination for longer LR[38]. Hemoglobin secreted
by hepatocytes was replacer of hemachrome in liver without
hemachrome[22]. Hemoglobin alpha and beta were always
induced by SISPH according to the change in PHx, exerting
the same function of hepatocytes nourishment in LR.
Fibronectin and fibrinogen gamma polypeptide (Fgg) were
all induced abundantly through the process of SISPH for
the sake of cell adherence in LR. Compared with normal
beta actin which has no obvious change in PHx, mutant
beta actin was continuously increased, indicating that house
keeping gene is additionally expressed for LR of SISPH.
It was revealed that 45 genes were included in consistent
suppression and late induction at 8 h time point, of which
22 are unreported genes and others are reported genes
hardly known to be related to LR previously. Trypsin and
its substrate are supposed to accelerate hepatocytes
regeneration under growth factor, but excessive inhibition
by inter alpha-trypsin inhibitor may lead to imbalance of
glucose concentration in blood, therefore, there was a late
induction at 8 h of SISPH to keep the balance [39] .
Commonly, acyl-coA plays many important roles in
numerous biochemical reactions, such as tricarboxylic acid
cycle, glyoxylate bypass, fatty acid synthesis. As a result, the
mRNA level of acyl-coA oxidase is assumed to have dropped
to retain the level of fat and glycos vital to LR of SISPH
and later ascended to eliminate over expressed acyl-coA.
Sialyl is a vital constitu ent of ganglioside, whose
sialyltransferase down-regulation may be intervened to
prevent liver from successive injury by SISPH and immigrate
to other functional substance in late phase. Mutant
glutathione S-transferase (GST) mRNA was not always
hampered in SISPH, which indicates that its overfull
accumulation may lead to opposite reaction in LR. Fatty

binding protein is well known to transfer fat from cytoplasm
to nuclear or membrane, and fatty acid elongase 1 (rELO1)
catalyzes short chain fat transition to long chain fat whose
repression of mRNA in SISPH manifested that long chain
fat was not badly needed until 12 h in LR. The decrease of
purine-nucleoside phosphorylase and phosphatase 1 (GLsubunit) in SISPH may suggest that purine-nucleoside and
eser are in demand until 8 h in LR. Nrf2 was reported to lead
to antioxidant reaction element to drive gene expression[29],
which was suppressed and induced at 8 h, implying that
antioxidant reaction was mild in LR of SISPH. Cathepsin D
(aspirin endopeptidase) was discovered to participate in basal
membrane dissolving, promoting tumor cell migration[40] .
The continuous suppression but late induction suggests that
basal membrane dissolving was not necessary in early phase
of LR of SISPH. Coagulation factor 2 protease inhibitor
was supposed to decrease to facilitate blood circulation for
LR but at 12-h time point to increase to hamper great loss
of blood by SISPH[23]. Damage-specific DNA binding
protein was reported to recognize many types of DNA
lesions and inducible by DNA damage agent. Its down
regulation shows that hepatocytes suffer no severe DNA
damage in SISPH, different from other injuries.
Sixty-one genes were consistently suppressed and reached
minimum level at 12-h time point of SISPH, of which 22
were novel genes and the others were reported genes that
may or may not be related to LR. The genes in the group
are presumed to promote LR by various ways. A large
number of them are the genes related to energy metabolism,
suggesting that the demand for energy in LR of SISPH is
not as important as for other demands, differing from partial
hepatectomy. The mRNA level of cytochrome P450 2c39
(Cyp2c39), cytochrome P450 2E1, cytochrome b5 (Cyb5),
cytochrome P450 15-beta, cytochrome P450, flavincontaining monooxygenase 1 (Fmo1), peroxisomal sarcosine
oxidase, malonyl-CoA decarboxylase, methylmalonate
semialdehyde dehydrogenase (Mmsdh), alcohol dehydrogenase,
microsomal UDP-glucuronosyltransferase 2B3 (Udpgt)
are all consistently suppressed from 0 to 12 h of SISPH.
The substrate or product of these enzymes related to
oxidation and reduction were in urgent need for or toxic to
LR, for instance, imine is a cell toxic substance by isocitrate
dehydrogenase reaction holding back LR[41]. Angiopoietin-
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like protein 3 (Angptl3) is reported to activate lipolysis in
adipocytes as a vascular endothelial growth factor by response
to the liver X receptor [42] . The sustaining suppression of
angiopoietin-like protein 3 mRNA in SISPH suggested that
the activity of lipolysis of hepatocytes is very low in LR.
Neutrophil collagenase specially degrading type I collagen
is generated by osteoblastic progenitors, differentiated
osteoblasts, osteocytes, and chondrocytes in the growth
plate[43]. The decrease of neutrophil collagenase showed that
collagen is in great demand for cell skeletal conformation
or osteoblasts, osteocytes and chondrocytes were not
distinctly harmed in LR after SISPH. Cathepsin C (dipeptidyl
aminopeptidase I) in rat liver was discovered playing
significant role in protein degradation and the activation of
proenzyme[44]. The decreased mRNA level of cathepsin C
was supposed to satisfy requisite of peptide for protein
construction in SISPH. 2-Hydroxyphytanoyl-CoA lyase, a
peroxisomal pyrophosphate-dependent enzyme, was involved
in the carbon-carbon bond cleavage during -oxidation of
3-methyl-branched fatty acids[45]. 2-Hydroxyphytanoyl-CoA
lyase was always repressed through SISPH, implying that
degradation of long and branch chain fat by -oxidation
was not important in LR. GST was reported to catalyze
nucleophilic addition of tripeptide glutathione to xenobiotics
carcinogens and endogenous lipophilic compounds[46].
Different kinds of GST were all reduced in SISPH, implying
that xenobiotics carcinogens and endogenous lipophilic
compounds may bring some uncertain toxic effect on LR.
Leuserpin-2 (Sperpind1) is confirmed to participate in
fibrinolysis complement activation and inflammatory
response[47], which was continuously repressed in SISPH,
suggesting that it can regulate inflammatory response to
resume severe injured hepatocytes in LR. In previous
research, selenoprotein P can defense against peroxynitrite.
Its down-regulation may be the result from activation of
vast peroxynitrite in SISPH. Amphoterin is believed to
enhance process of extension and migration of embryonic
neurons and tumor cells by binding to advanced glycation
end products (RAGE)[48], whose down-regulation in SISPH
makes clear that LR has not much to do with hepatocytes
or other cells’ migration.
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Abstract
AIM: The mechanism of decreased vascular reactivity to
vasoconstrictors in portal hypertension is still unclear. In
addition to nitric oxide, defects in post-receptor signal
transduction pathway have been suggested to play a role.
However, substantial evidences observed equivocal changes
of vascular reactivity following different agonists that
challenged the hypothesis of the post-receptor defect. The
current study was to evaluate the vascular reactivity to
different agonists and the inositol trisphosphate (IP3 )
changes in signal transduction cascade from cirrhotic rats
with portal hypertension.
METHODS: The endothelial denuded aortic rings from
cirrhotic and sham-operated rats were obtained for ex
vivo tension study and measurement of the corresponding
[3 H] IP 3 formation following different receptor and
nonreceptor-mediated agonists’ stimulation. Additionally,
iNOS protein expression was measured in thoracic aorta.
The contractile response curves to phenylephrine were
performed in endothelial denuded aortic rings with and
without preincubation with a specific iNOS inhibitor (L-N
(6)-(1-iminoethyl)-lysine, L-NIL).
RESULTS: In endothelial denuded aortic rings of
cirrhotic rats, the vascular responses were reduced with
phenylephrine and arginine vasopressin (AVP) stimulation
but were normal with U-46619, NaF/AlCl3, and phorbol
esterdibutyrate (PdBU) stimulation. Compared to the
corresponding control groups, the degree of the increment
of [3H] IP3 formation from basal level was also decreased
with phenylephrine and AVP stimulation, but was normal

with U-46619 and NaF/AlCl3 stimulation. The preincubation
with L-NIL did not modify the hyporesponsiveness to
phenylephrine. Additionally, the iNOS protein expression
in thoracic aorta was not different in cirrhotic and shamoperated rats.
CONCLUSION: Without the influence of nitric oxide, vascular
hyporeactivity to vasoconstrictors persisted in cirrhotic rats
with portal hypertension. However, the decreased vascular
reactivity is an agonist-specific phenomenon. In addition,
G-protein and phospholipase C pathway associated with
the IP3 productions may be intact in cirrhotic rats with
portal hypertension.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Peripheral arterial vasodilatation is a characteristic
hemodynamic derangement observed in cirrhosis with
portal hypertension[1-4]. Increased circulating vasodilators
and endothelial-related vasodilatory activity have been
suggested to play a role for the development of arterial
vasodilatation[5-11] . Additionally, the decreased vascular
reactivity to vasoconstrictors also contributes to the arterial
vasodilatation in portal hypertension[12-18]. The vasoconstrictors
used in those studies to evaluate vascular reactivity were
mainly 1-adrenoceptor agonists, arginine vasopressin (AVP),
and angiotensin II. Although increased nitric oxide (NO)
production has been shown to play a role, the mechanisms
of decreased vascular reactivity have not been completely
established and the data on vascular reactivity in portal
hypertensive humans and animals are conflicting (for
reviews see Hadoke and Hayes[19]).
It has been hypothesized that the presence of a defect
in the post-receptor signal transduction cascade plays, in
part, a role for the vascular hyporeactivity[14,16,20,21]. Theoretically,
if the post-receptor signal transduction cascade is generally
impaired in portal hypertension, any vasoconstrictor that
leads to a receptor and G-protein-linked stimulation of
vascular contraction should lead to a decreased vascular
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contractility. However, two recent studies in portal hypertensive
patients and animals showed a normal vascular reactivity
to the agonist of thromboxane A2 (TXA2) receptor[22,23]. In
addition, an increased vascular response to 5-hydroxytryptamine
stimulation was found in cirrhotic patients[24]. The results
from these studies do not support the presence of a defect
in the post-receptor signal transduction cascade in portal
hypertension. Therefore, the current study was undertaken
in cirrhotic rats with portal hypertension to measure the
vascular contractile response, without the influence of NO,
following administration of different agonists. The inositol
trisphosphate (IP3) formations following agonists’ stimulation
and the responses to protein kinase C (PKC) activator were
also measured to evaluate the post-receptor mechanism of
vascular reactivity in cirrhotic portal hypertension.

MATERIALS AND METHODS
Animals
Adult male Sprague-Dawley rats (250-350 g) were used in
all experiments. Cirrhosis with portal hypertension was
produced by common bile duct ligation (CBL), as previously
described[25]. Sham-operated rats had their bile duct exposed
but not ligated. All rats were caged at 24 ℃, with a 12-h
light-dark cycle, and allowed free access to food and water.
Animal studies were approved by the Animal Experiment
Committee of the University and conducted humanely.
Hemodynamicmeasurements
Four to five weeks after surgery, rats were anesthetized
with ketamine, 150 mg/kg. The first set of eight cirrhotic
and six sham-operated rats were included in this experiment.
The ileocolic vein was cannulated with PE-10 tubing for
measuring portal venous pressure (PP) and the femoral
artery was cannulated with PE-50 tubing for arterial blood
pressure (MAP). Pressure and heart rate were monitored
by a polygraph (RS 3400, Gould, Valley View, OH, USA)
via strain-gauge transducers (P23XL, Viggo-Spectramed,
Oxnard, CA, USA). Cardiac output was measured by
thermodilution (Columbus Instruments, OH, USA), and
cardiac index (CI) and systemic vascular resistance (SVR)
were calculated as previously described[26,27].
Ex vivo tension experiments
The second set of CBL and sham-operated rats were used
in this study. Rats were killed by an overdose of sodium
pentobarbital. Then the thoracic aorta (above the diaphragm
and below the aortic arch) was excised and put into aerated
(mixture of 95% O2 5% and CO2) kreb’s Ringer bicarbonate
solution (KRBS) and cleaned at room temperature. The
composition of the KRBS was in millimolar: NaCl, 118.3;
KCl, 4.7; CaCl2, 2.5; MgSO4, 1.2; KH2PO4, 1.2; NaHCO3,
25; and glucose, 11.1. The thoracic aorta was cut into 4-mm
segments. In order to avoid the effect of endothelium on
vascular contractility, the endothelium was removed by gently
rubbing the intimal surface of the vessels. Endothelial cell
removal was confirmed by the inability of rings precontracted with 0.1 mol/L phenylephrine (PEP) to relax
in response to 1 mol/L acetylcholine. The rings were then
suspended horizontally between two stainless steel wires in
individual organ chambers filled with 10 mL of KRBS.
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The solution was continuously bubbled with a mixture of
95% O2 5% and CO2 and maintained at 37 ℃ with an
outer water jacket and circulating heat pump. One wire was
fixed to the chamber and the other was attached to a force
displacement transducer (FT 03, Grass Instrument Co.,
Quincy, MA, USA) with a basic tension of 1.8 g. Tension
was recorded on a physiograph (RS 3400, Gould, Valley
View, OH, USA). The readiness of tissue indicated by
consistent responses induced by three consecutive tests with
KCl (30-90 mmol/L) in each group was obtained. The tissue
was then rinsed and allowed to recover for 45 min. Segments
of aorta from each animal were allocated into five subsets.
Then, the cumulative concentration-response curves to PEP
(10–10 to 10-4 mol/L), AVP (10 -10 to 10 -4 mol/L), synthetic
TXA2 analog U-46619 (10 -9 to 10 -5 mol/L), receptorindependent G-protein activator by NaF (10-3 to 1 mol/L)/
AlCl3 (30 mol/L), direct activation of PKC by phorbol
esterdibutyrate (PdBU) (10-8 to 3×10-5 mol/L) were obtained,
respectively.
[3H]1,4,5 Inositol trisphosphate assay
The third set of endothelial-denuded aortic segments were
weighted (4 mm in length) and incubated in 0.5 mL KRBS
containing LiCl (20 mmol/L) and imipramine (4 mol/L)
at 37 ℃ under a mixture of 95% O 2 5% and CO 2 for
10 min. Then, agonists [PEP (10-7 to 10-5 mol/L), AVP (10-7
to 10-5 mol/L), U-46619 (10-7 and 10-6 mol/L), NaF/AlCl3
(0.1 and 1 mol/L)] or vehicle (0.1% ascorbic acid) were
added into the tissue bath for 20 min. These concentrations
of agonists were chosen according to the concentrationresponse contractile curve. We used the highest two or three
concentrations of agonist to assess their corresponding IP3
formations under the same experimental condition. The
reaction was stopped with 2 mL of CH3OH-CHCl3-HCl
(40:20:1, v/v). The assay method was essentially the same
as previously reported[28-30]. To extract inositol phosphates,
the tissue was sonicated for 45 min and a mixture of 1.26
mL of H2O and 0.63 mL of CHCl3 was added to separate
the organic and aqueous phases. Tubes were centrifuged at
2 500 r/min for 10 min. The supernatant (aqueous phase
containing extracted inositol phosphates) was removed,
neutralized to pH 6.8 and 7.2. The neutralized supernatant
was added to 300-500 L of a 1:1 (v/v) mixture of Freon
(1, 1, 2-trichlorotrifluoroethane) and tri-n-octylamine, and
vortex-mix the separate phases. This neutralized mixture
was centrifuged for 10 min at 2 000 r/min. Then three
separated phases can be found. These three phases are upper
phase: neutralized sample plus water soluble components;
middle phase: tri-n-octylamine perchlorate; lower phase:
Freon plus unrecalled tri-n-octylamine. Then the upper
phase was removed and stored in -70 ℃ for subsequent
analysis. The IP3 formations with or without stimulation of
agonist were measured in all samples by the commercial kit
of radioimmunoassay (RIA) (PerkinElmerTM Life Sciences,
Inc., Boston, MA, USA). The radioactivity of these samples
after RIA was counted in a -counter (LS 6500, Beckman
Instruments, Fullerton, CA, USA).
Vascular reactivity with and without [L-N(6)-(1-iminoethyl)lysine, L-NIL] preincubation and iNOS protein measurement
In order to clarify the role of iNOS on the decreased vascular
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Table 1 Hemodynamic values in sham-operated (sham) and
common bile duct-ligated (CBL) rats
CBL (n = 8)

Cardiac index (mL·min/100 g body wt)
Mean arterial pressure (mmHg)

29.4±0.6
107±5

46.7±0.7a
97±10

PEP

Systemic vascular resistance

Vasopressor

289±9

167±7a

AVP

(dyn·s/cm5×103/100 g body wt)
315±6
7.9±1.3

327±10
19.8±0.6a

Values are mean±SE. aP<0.05 vs sham rats.

U-46619
NaF/AlCl3
PdBU

reactivity, the fourth set CBL and sham-operated rats were
killed by an overdose of sodium pentobarbital. The
endothelial-denuded aorta segments were prepared as
described above. Then, the cumulative concentrationresponse curves to PEP (10-10 to 10-4 mol/L) were obtained
with and without preincubation with L-NIL (10-6 mol/L) in
CBL and sham-operated rats. In addition, the iNOS protein
expression was measured in the thoracic aorta from CBL
and sham-operated rats by Western blot analysis.
Chemicals
All substances were purchased from Sigma Chemical Co.
(St. Louis, MO, USA) and added into the organ bath in a
volume of 100 L. PEP was prepared in 0.1% ascorbic
acid. U-46619 was dissolved in 10% of methanol. PdBU
was dissolved in 10% dimethylsulfoxide. The NaF/AlCl3
acetylcholine chloride, L-NIL (L-N(6)-(1-iminoethyl)-lysine)
and AVP were dissolved in distilled water. All these solvents
had proved not to affect vascular tone in the organ bath.
Statistical analysis
The data are given as mean±SE. Contractile force is expressed
in grams (g). Cumulative concentration-response curves to
PEP, AVP, U-46619, NaF/AlCl3, and PdBU were obtained.
pEC50 (negative logarithm of the concentration producing
the half maximum effect) values were calculated from the
sigmoid logistic curves in each vessel preparation. Statistical
analysis was performed by two-way ANOVA. Additionally,
values for maximal contraction (R max) were calculated in
absolute values. Statistical analysis of the differences between
Rmax of the aortic rings from rats with cirrhosis and normal
were performed with unpaired Student’s t test. Doseresponse curves were analyzed by repeat measures ANOVA
followed by post hoc test (Games and Howell variant of
the Tukey and t test) to compare the groups at each dose
separately. The tissue (wet) weight of each segment was
weighed in each experiment. The signal intensity (integral
volume) of the appropriate iNOS protein bands on the
autoradiogram was analyzed by use of the ImageQuant
software package (Biosoft, Indianapolis, IN, USA). Basal
IP3 formation was calculated as counts per minute per mg
wet weight of tissue (cpm/mg). Agonist-stimulated IP3
formation was calculated as a percentage of cpm in the
presence of agonist divided by cpm without agonist (basal
formation). For each assay, both basal and agonist-stimulated
tubes were prepared in duplicates and the means of
duplicates were used for analysis. A P value <0.05 was
considered statistically significant. Statistical analysis of the

Volume 11

Number 15

Table 2 Contractile response of different agents to the endothelial-denuded aortic rings from sham and CBL rats

Sham (n = 6)

Heart rate (beats/min)
Portal pressure (mmHg)

April 21, 2005

Parameter
pEC50
Rmax (g) (10–5 mol/L)
pEC50

Sham

CBL

6.41±0.1
3.29±0.37

6.53±0.8
1.99±0.21a

6.51±0.2

7.08±0.9

Rmax (g) (10–5 mol/L)

3.45±0.28

2.31±0.49a

pEC50
Rmax (g) (10–6 mol/L)

7.43±0.13
3.18±0.27

7.81±0.26
3.19±0.17

pEC50

0.83±0.43

1.01±0.01

Rmax (g) (1 mol/L)

3.68±0.13

3.42±0.25

pEC50
Rmax (g) (10–6 mol/L)

7.05±0.4
3.87±0.14

7.05±0.7
3.92±0.22

Values are mean±SE; sham: sham-operated rats; CBL: common bile ductligation rats, PEP: phenylephrine, n = 10, in each group with different agonist
stimulation, aP<0.05 vs sham rats.

differences was performed with paired or unpaired Student’s
t test when appropriate.

RESULTS
Hemodynamic studies
About 4 wk after CBL, cirrhotic rats showed jaundice,
splenomegaly, mesenteric edema and variable amount of
ascites. In Table 1, CBL rats had significantly lower SVR
associated with higher CI and PP than sham-operated rats.
Ex vivo contractile responses in thoracic aorta
Both PEP (10-10 to 10-4 mol/L) and AVP (10-10 to 10-4 mol/L)
induced concentration-dependent contractions in the aorta
from CBL and sham-operated rats. Our results demonstrated
that the Rmax, but not pEC50, to PEP and AVP was significantly
decreased in the aorta of CBL rats compared to those of
sham-operated rats (Table 2). These results showed a decreased
vascular reactivity and a normal vascular sensitivity to
PEP and AVP of aorta in CBL rats (Figure 1 and Table 2).
Similarly, U-46619, NaF/AlCl3, and PdBU also induced the
concentration-dependent contractions curve in both study
groups (Figure 2). However, neither the Rmax nor its pEC50
values differed between the two vessel groups (Table 2).
[3H]1,4,5 Inositol trisphosphate (IP3) formation in aortic rings
The basal IP3 formation in aortic rings was similar between
the CBL and sham-operated rats (385±6 and 402±10 cpm/mg
tissue weight, n = 8 in each group with different agonist
stimulation). Both PEP (10-7 to 10-5 mol/L) and AVP (10-7
and 10-5 mol/L) induced dose-dependent increases of [3H]
IP 3 in both groups. In the presence of PEP and AVP, the
increments of [3H] IP3 (% of basal levels) in the CBL rats
were significantly lower than that in the sham-operated
rats at the concentration of 10 -6 and 10 -5 mol/L of PEP
and 10-7 to 10 -5 mol/L of AVP, respectively (Figure 3). In
contrast, the percentage of increases after U-46619 (10 -7
and 10 -6 mol/L) and NaF/AlCl 3 (0.1 and 1 mol/L)
stimulation were similar between the two groups (Figure 4).
Vascular reactivity with and without L-NIL preincubation and
iNOS protein measurement
The effects of selective iNOS inhibition on vascular responses

A

Contractile force (gm/mg tissue)
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Figure 1 Maximum cumulative concentration-response curves to (A)
phenylephrine (PEP) (10-10 to 10-4 mol/L), (B) AVP (10-10 to 10-4 mol/L) in thoracic
aorta from CBL (◆) and sham (□) rats. aP<0.05 vs sham rats (n = 12 in each
group with different agonist stimulation). Sham: sham-operated rats; CBL: common
bile duct-ligated rats.

to PEP are shown in Figure 5A. In cirrhotic aortic rings,
the vascular hyporeactivity to PEP stimulation still persisted
after preincubation with L-NIL. In addition, the iNOS
protein expression in the thoracic aorta of BDL rats was
not different from sham-operated rats (Figure 5B). These
results indicated that iNOS did not play a role in the
decreased vascular contractility in portal hypertension.

A

Contractile force (gm/mg tissue)

DISCUSSION
The mechanism of agonists-induced contraction of vascular
smooth muscle cells involves both membrane and
intracellular changes[31,32]. Agonists bind to surface G-proteinlinked transmembrane receptors may activate phospholipase
C (PLC). This enzyme hydrolyzes the lipid precursor

B
4

4

phosphatidylinositol (4,5)-biphosphate stored in the plasma
membrane to give IP3 and 1,2-diacylglycerol. The IP3 binds
to its receptor located in the membrane of the sarcoplasmic
reticulum that lead to open the calcium channels and
increases the cytosolic calcium concentration. The agonists
have also been shown to open L-type calcium channel located
on the plasma membrane to increase cytosolic calcium
concentration. On the other hand, diacylglycerol activates
PKC with regulation of intracellular calcium concentration.
The cytosolic free calcium then binds to calmodulim to
form calcium-calmodulim complex, which in turn interact
with the contractile proteins that lead to smooth muscle cell
contraction. Therefore, any alteration in the G-proteins
receptor coupling, transmembrane receptor, or the signal
transduction downstream from the transmembrane receptor
may play a role in the vascular hyporesponsiveness in portal
hypertension.
The mechanisms responsible for the decreased vascular
reactivity in cirrhosis are not completely understood. In
experimental portal hypertension, the increased nitric oxide
production has been suggested to play an important role
for the vascular hyporeactivity[7,10,26,33]. Although Vallance
and Moncada proposed that the increased activity of iNOS
led to NO overproduction and subsequent hyperdynamic
circulation[34] , substantial studies showed a lack of iNOS
expression in the vessels from portal hypertensive animals
despite the enhanced NO production[35,36]. It is now generally
accepted that eNOS rather than iNOS is the major
contributor for the NO overproduction in the hemodynamic
derangements in portal hypertension (for review see Wiest
and Groszmann[37]), and the role of eNOS is further supported
in a recent study using gene-knockout mice[38]. Nevertheless,
a persistent vascular hyporeactivity to vasoconstrictor
stimulation in portal hypertensive human and animals was
still observed in endothelium-free aortic ring or following
pre-incubation with NOS inhibitor[13,39]. This observation
was further supported in endothelial denuded hepatic artery
from cirrhotic patients[22,40]. Therefore, in addition to nitric
oxide, other factors are also involved in the pathogenesis
of vascular hyporeactivity in portal hypertension. A number
of studies have found an attenuated vascular reactivity to
vasoconstrictors (such as angiotensin II, vasopressin, and
1-adrenoceptor agonists), but these receptors were not down
regulated or the receptor numbers and affinities were
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Figure 2 Maxim um cumulative conc entration-respons e curves to (A )
synthetic TXA2 analog U-46619 (10-9 to 10-5 mol/L), (B) receptor-independent
G-protein stimulus NaF (10-3-1 mol/L)/AlCl 3 (30 mol/L), (C) direct activation

0

CBL

-1

-8 -7 -6 -5
Log [PdBU (mol/L)]

of protein kinase C by PdBU (10-8 to 3×10–5 mol/L) in thoracic aorta from CBL
(◆) and sham-operated (□) rats, n = 10 in each group with different agonist
stimulation.
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unchanged[15-18,41]. These studies lead to a hypothesis of a
defect in signal transduction cascade in portal hypertension.
Accordingly, if the post-receptor defect does exist in portal
hypertension, a generalized hyporesponsiveness to any receptor
and G-protein linked vasoconstrictors should be observed
in cirrhotic human and animals with portal hypertension.
In the current study, we found an expected decrease in
contractile responses to PEP (a 1-adrenoceptor agonist)
and AVP (a V1-AVP receptor agonist) in the endotheliumdenuded aortic ring from cirrhotic rats compared to those
from sham-operated rats. By contrast, we found a normal
contractile response to U-46619 (a TXA2 receptor agonist)
in the aortic rings from cirrhotic rats compared to those
from the sham-operated rats. TXA2 receptor is a G-proteincoupled and PLC-linked transmembrane receptor as well
as those of 1, V1-AVP or angiotensin II receptors. Van
Obbergh et al, and Schepke et al, have demonstrated similar
observations of a normal contractile response to U-46619
in cirrhotic rats and humans[22,23]. In addition, another study
in cirrhotic patients also showed an increased vascular
response following 5-hydroxytryptamine stimulation[24]. Taken
together, it is conceivable that the vascular hyporeactivity
to vasoconstrictors in portal hypertension is a selective
agonist-mediated phenomenon. In other words, decreased
vascular reactivity in portal hypertension may occur in some
agonists but do not occur in others. Please note that the
vascular reactivity in the current study was performed in
endothelium-denuded aortic rings from cirrhotic rats. Similar
to previous observations, we also observed a lack of the
role of iNOS on the vascular hyporesponsiveness in portal

Figure 4 (A) U-46619, a synthetic TXA2 analog (10-7 and 10-6 mol/L), (B) NaF/
AlCl 3 (0.1 and 1 mol/L)-induced [ 3H] IP3 formation in the aortic ring from CBL
(black bars) and sham (white bars) rats. [ 3H] IP 3 formation was expressed as
the percentage of counts (cpm) per minute in the presence of agonist divided by
the counts without agonist (basal formation). The data are expressed as
mean±SE, n = 8 in each group with different agonist stimulation.

A

Sham+L-NL

4
Contractile force (gm)

Figure 3 (A) Phenylephrine (PEP) (10-7 to 10-5 mol/L) and (B) AVP (10-7 to
10-5 mol/L)-induced [3H] IP3 formation in the aortic ring from CBL (black bars) and
sham (white bars) rats. [ 3H] IP 3 formation was expressed as the percentage of
counts (cpm) per minute in the presence of agonist divided by the counts without
agonist (basal formation). The data are expressed as mean±SE. aP<0.05 vs sham
rats, n = 8 in each group with different agonist stimulation. Sham: sham-operated
rats; CBL: common bile duct-ligated rats.

-1
0
Log [NaF/AICI3 (mol/L)]

Sham

3

CBL+L-NL

2

CB L

1
0

B

A

B

C

D
←iNOS
←BSA

A,B: CBL Aorta
C,D: Sham Aorta
Figure 5 (A) Maximum cumulative concentration-response curves to
phenylephrine (PEP) (10–10 to 10–4 mol/L) in thoracic aorta from CBL (◆) and
sham (□) rats with and without preincubation with L-NIL (L-N(6)-(1-iminoethyl)lysine, a selective iNOS inhibitor). n = 10 in each group with different agonist
stimulation. CBL: common bile duct-ligated rats; sham: sham-operated rats. (B)
Western blot analysis of inducible nitric oxide synthase (iNOS) protein expression
from thoracic aorta in CDL and sham-operated rats. Lanes A and B: CBL rats;
lanes C and D: sham rats.

hypertension evidenced by both ex vivo vascular tension
study with L-NIL preincubation and aortic iNOS protein
expression[35,36]. Therefore, the role of NO on vascular reactivity
has been minimized to the least extent. Moreover, we found
a normal contractile response by NaF/AlCl3 from the aortic
ring of cirrhotic rats compared to those from sham-operated
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rats. A similar observation showing a normal contractile
response to NaF/AlCl3 in the endothelium-denuded hepatic
artery in cirrhotic patients was reported by Schepke et al[22].
Previously, an impairment of contractile response to NaF/AlCl3
had been reported in the intestinal microcirculation of portal
hypertensive rats[42]. In that study, vascular contractility was
evaluated by perfusion of mesenteric beds with intact
endothelium. It is possible that the different vascular
preparation and the presence of NO may contribute to
such discrepancy. Because NaF/AlCl3 is a direct G protein
activator, it produces smooth muscle cells’ contraction
independent to the receptor and G-protein coupling[31,32].
Our results suggest that the contractile response of aortic
smooth muscle cell downstream from G-protein in portal
hypertensive humans or animals is similar to that in nonportal hypertensive ones. In other words, it is possible that
the signal transduction cascade downstream from G-protein
activation may be intact in cirrhotic rats with portal
hypertension. However, the current study cannot exclude
the minor G-protein-related RhoA/Rho kinase pathway.
Further studies are needed to clarify this point.
Phosphoinositide metabolism is important in the signal
transduction cascade for receptor-coupled vasoconstriction[31,43].
Its hydrolyzed products, IP3 and 1,2-diacylglycerol, are crucial
second messengers for triggering and maintaining the
contractile response of the vascular smooth muscle cells[31,44].
In the current study, we observed that the increased formation
of IP3 after PEP and AVP stimulation in cirrhotic rats was
significantly lower than that in sham-operated rats. In
contrast, the increased formation of IP3 after U-46619 and
NaF/AlCl 3 stimulation was similar between the two
experimental groups. The changes in IP3 formation following
different agonists’ stimulation were parallel to the corresponding
changes of vascular contractile response between cirrhotic
and normal rats. In our previous study, we observed that,
in portal hypertensive animals, the PEP-stimulated [3H]
inositol phosphate formation in tail artery was attenuated,
whereas the NaF/AlCl3-mediated [3H] inositol phosphate
formation in portal vein was unaltered[21]. On the other hand,
H ar t l eb e t a l [ 45 ] , o bs e r ve d a l a ck o f va s cu l a r
hyporesponsiveness to L-type calcium channel activator in
cirrhotic rats. Moreover, Castro et al [46] , found that the
intracellular calcium mobilization pathway is preserved in
the vascular smooth muscle cells from cirrhotic rats.
Together these results strengthened the presence of an intact
signal transduction cascade in cirrhosis with portal
hypertension that challenged the hypothesis of the postreceptor defect.
PKC plays an essential role in the regulation of vascular
smooth muscle cell contraction[47]. In the current study, the
PdBU-mediated contractile response was not different
between the two experimental groups. The role of PKC in
vascular contractility in portal hypertension is controversial.
Previous studies have reported that the PdBU-mediated
contractile response remains unchanged in aortic rings and
mesenteric vascular bed of portal vein stenosed rats, which
in line with the findings of the present studies in cirrhotic
rats[21,47]. In contrast, other studies have demonstrated that
the alteration of PKC plays a partial role for the decreased
vascular reactivity in portal hypertension[42,48,49]. However,
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it has been suggested that overproduction of NO may
contribute, in part, a role for the alteration of PKC activity
in portal hypertension[50]. Therefore, in the current study, it
is possible that a normal PdBU-induced contractile response
was observed in endothelial-denuded aortic ring in cirrhotic
rats, which suggested a normal PKC activity in cirrhotic
rats. All together, the current study suggested that the Gprotein and PLC pathway associated with the IP3 and 1,2diacylglycerol actions were not impaired in cirrhotic rats
with portal hypertension. The decreased vascular reactivity
observed in the specific receptors may probably result from
a defect in receptor-G-protein coupling. Further studies are
needed to clarify this phenomenon.
In summary, this study demonstrated that, without the
influence of NO, vascular hyporeactivity persisted in CBL
rats with portal hypertension. However, the decreased
vascular reactivity is an agonist-specific phenomenon. In
addition, the current study is against the presence of a postreceptor defect in vascular hyporeactivity observed in portal
hypertension.
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Abstract
AIM: A study was performed to investigate the impact of
comorbid anxiety and depression (CAD) on quality of life
(QOL) and cellular immunity changes in patients with
digestive tract cancers.
METHODS: One hundred and fifty-six cases of both sexes
with cancers of the digestive tract admitted between
March 2001 and February 2004 in the Department of
Medical Oncology, First Affiliated Hospital of Xi’an Jiaotong
University were randomly enrolled in the study. Depressive
and anxiety disorder diagnoses were assessed by using
the Structured Clinical Interview for DSM-IV. All adult
patients were evaluated with the Hamilton depressive scale
(HAMD, the 24-item version), the Hamilton anxiety scale
(HAMA, a modified 14-item version), quality of life
questionnaire-core 30 (QLQ-C30), social support rating scale
(SSRS), simple coping style questionnaire (SCSQ), and other
questionnaires, respectively. In terms of HAMD ≥ 20 and
HAMA ≥ 14, the patients were categorized, including CAD
(n = 31) in group A, anxiety disorder (n = 23) in group B,
depressive disorder (n = 37) in group C, and non-disorder
(n = 65) in group D. Immunological parameters such as
T-lymphocyte subsets and natural killer (NK) cell activities
in peripheral blood were determined and compared among
the four groups.
RESULTS: The incidence of CAD was 21.15% in patients
with digestive tract cancers. The average scores of social
support was 43.67±7.05 for 156 cases, active coping
20.34±7.33, and passive coping 9.55±5.51. Compared
with group D, subjective support was enhanced slightly
in group A, but social support, objective support, and
utilization of support reduced, especially utilization of

support with significance (6.16 vs 7.80, P<0.05); total
scores of active coping decreased, while passive coping
reversed; granulocytes proliferated, monocytes declined,
and lymphocytes declined significantly (32.87 vs 34.00,
P<0.05); moreover, the percentage of CD3, CD4, CD8
and CD56 in T lymphocyte subsets was in lower level,
respectively, and CD56 showed a significant decline in
group A (26.02 vs 32.20, P<0.05), however, CD4/CD8
ratio increased. Physical function, role function, fatigue,
sleeplessness and constipation had significant changes
among different groups by one-way ANOVA, and group A
was in poor QOL. It revealed that global health-related
quality of life (QL) were positively correlated with active
coping and CD56; CAD was negatively correlated with
QL, active coping and CD56. Furthermore, the step-wise
regression analysis suggested that utilization of support,
CD56, active coping, fatigue, sleeplessness and depression
were significant factors contributing to QOL.
CONCLUSION: CAD, which can impair QOL and cellular
immunity, occurs with a higher incidence in patients with
digestive tract cancers. Hence, it is essential to improve
mental health for them with specifically tailored
interventions.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Comorbid anxiety and depression (CAD) occurs at a high
rate in primary care, and is costly to both the individual
and society. CAD is significantly associated with special
conditions, such as severe symptom, chronic course, social
functional lesion, suicidal ideation, bad prognosis, and so
on. When severe enough, it may cause negative effects on
the antitumor therapy, immunological function, as well as
the quality of life[1-4]. Distress, social support, and coping
style are the most important psychosocial factors in this
approach. As a psychotic or neurotic condition, doctors and
mental-health professionals have increasingly recognized
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the effects of CAD, however, to date, few studies have
systematically examined the clinical correlates of CAD or
its effect on patients with digestive tract cancers. Cancers
of the digestive tract pose complicated public health
problems worldwide[5-7]. These cancers are associated with
high morbidity and mortality[8-11], in which esophageal, gastric,
colorectal and liver cancers are among the top 10 malignant
tumors in China and account for 63% of total cancer
mortality[12-14]. In this study, we therefore tested the data on
the changes of QOL aspects and immunological parameters
in patients with digestive tract cancer suffering from CAD.
The Hamilton rating scales and other questionnaires, as well
as the immunological parameters were investigated in an
attempt to provide guidelines for the means of psychological
therapy in the clinical practice and for the evaluation, diagnosis,
and management of CAD in the primary care setting.

MATERIALS AND METHODS
Patients
One hundred and fifty-six patients, 69 women and 87 men,
with newly diagnosed cancers of the digestive tract, were
registered to the protocol between March 2001 and February
2004 in the Department of Medical Oncology, First
Affiliated Hospital of Xi’an Jiaotong University. Eligibility
criteria required that the patients be of age over 18 years
and speak Chinese. Patients with known confusion or judged
too ill to participate were excluded from the investigation.
None of the patients had central nervous system disease,
uncontrolled infections, or other malignancies. All cases were
finally verified by the histopathologic examination, including
39 esophageal, 45 gastric, 9 liver, 5 duodenal, 5 gall bladder,
4 pancreatic, 42 colonic and 7 rectal cancer cases. The
medical records for these patients were reviewed by
investigators and abstracted for the case’s characteristics
such as obvious symptoms. The average age was 58±9 years
with education background of 21 graduated from primary
school, 58 from junior high school and 77 from senior high
school or above. Their performance status (PS) was
defined by Eastern Cooperative Oncology Group and social
information such as marital and employment status were
obtained in the interview. Depressive and anxiety disorder
diagnoses were assessed by using the Structured Clinical
Interview for DSM-IV. All adult patients were categorized
into four groups in terms of the Hamilton scales.
Psychological measurements
Hamilton depressive scale (HAMD) The 24-item
HAMD[15-17], a commonly used clinician-rated depression
symptom rating scale, includes 24 items rated on a scale of
0-2, 0-3, or 0-4 (total score range: 0-75). The HAMD was
administered by experienced clinical raters certified to have
a high rate of interrate reliability and level of procedural
integrity. HAMD index, equal to or above 20, suggested
the presence of depression. It was not meant for HAMD
index to offer a strict diagnostic guideline but rather to denote
levels of depression in symptomatology that may be of
clinical significance.
Hamilton anxiety scale (HAMA) A modified 14-item
version[18], just like the HAMD system, includes 14 items
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rated on a scale of 0-2, 0-3, or 0-4 (total score range: 0-56).
The cases were categorized into two levels of psychological
conditions. Level 1, the HAMA index below 14, was
considered as no significant psychopathology; level 2, the
HAMA Index equal to or above 14, suggested the presence
of anxiety.
Quality of life questionnaire-core 30 (QLQ-C30) The
European Organization of Research and Treatment of
Cancer Quality of Life Questionnaire C30 (EORTC
QLQ-C30, version 3.0), the most frequently used healthrelated quality of life (HRQOL) instruments, consists of
30 items that list the functioning and symptoms of cancer
patients[19,20]. One is global health-related quality of life (QL),
and the other six multi-item function scales are scored:
physical function (PF), role function (RF), cognitive
functioning (CF), emotional function (EF), and social
function (SF). Furthermore, nine single-item symptom scales
are assessed: fatigue (FA), pain (PA), nausea and vomiting
(NV), dyspnea (DY), sleeplessness (SL), loss of appetite (AP),
constipation (CO), diarrhea (DI), and financial difficulties
(FI). The scales are linearly transformed according to the
EORTC guidelines - all scales range from 0 to 100, in which
a higher scale score represents a higher level of functioning.
With respect to the single-item scales, a higher score
indicates more symptoms or problems. EORTC QLQ C30 is a cancer-specific questionnaire translated into various
languages and validated in several European countries. In
this rearrangement of the EORTC, the Cronbach’s reliability
coefficients are high[21].
Social support rating scale (SSRS) Social support was
assessed by the patients’ perception of support from their
family or social members. The SSRS has ten selective items,
which was employed to evaluate total social support, the
levels of objective and subjective as well as the utility of
this support[22].
Simple coping style questionnaire (SCSQ) There are
some relationships between coping and psychosocial
adjustment of patients[23,24]. The SCSQ contains 20 items
on a two-point scale (active versus passive coping). Overall,
the SCSQ active coping index was shown to be relatively
valid with a high internal consistency that was exhibited by
an alpha coefficient of 0.89, while the SCSQ passive coping
index was shown to be relatively valid with a high internal
consistency that was exhibited by an alpha coefficient of 0.78.
Study protocols
The study protocol was in accordance with the guidelines
for clinical research and was approved by the Institutional
Review Board and the Ethical Review Committee of the
hospital cancer center. Informed consent was provided
according to the Declaration of Helsinki after all subjects
had been fully informed of its purpose. In order to make
the patients understand and complete the questionnaires
correctly, each item for the psychological measurements
was explained by the specialist doctors in a quiet environment
before the investigation.
On the day of the experiment, 3.5 mL of peripheral
blood was drawn from each patient and anticoagulated by
ethylenediaminetetra-acetic acid (EDTA), in which 50 L
of blood was quantified with Sysmes KX-21 blood counter
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(Japan) for the measurement of lymphocytes, granulocytes
and monocytes. The other 3.0 mL of blood sample was
used to determine natural killer (NK) cells (CD56 ) and T
lymphocyte subsets with EPICS ELITE flow cytometer
(USA) by individuals blinded to the clinical data for the
patients in our immunology laboratory.
Statistical analysis
An individual patient was regarded as a unit. Data were
expressed as mean±SD of the mean. Demographic variables
were analyzed by descriptive statistics to evaluate the clinical
and sociodemographic characteristics of the studied samples.
Comparisons between experimental groups were performed
by One-Way ANOVA. Pearson correlations were adopted to
note the correlation among CAD and other variables. Moreover,
contributing factors of QOL were assessed by linear regression.
For all statistical evaluations, P values of 0.05 or less were
considered to indicate significance. All data analyses were
conducted using SPSS 11.5 for Windows statistical software.

RESULTS
Incidence of CAD in cancer patients
One hundred and fifty-six individuals were categorized
into four groups in terms of HAMD and HAMA index
scores according to DSM-IV criteria. The patients with CAD
(n = 31) in group A, anxiety disorder (n = 23) in group B,
depressive disorder (n = 37) in group C, and no disorder
(n = 65) in group D. The incidence of CAD was 21.15% in
patients with digestive tract cancers. Furthermore, the
differences of index scores listed in Table 1 were significant
among four groups.

Table 1 Changes of HAM D and HAM A scores in different
group
Group

A
B
C
D
F
P

Case (%)

DSM-IV

156
33 (21.15)
23 (14.74)
35 (22.44)
65 (41.67)

HAMD
31.92±9.06b
18.92±9.14
25.92±8.17b
16.33±6.25
39. 78
0.00

HAMA
21.75±7.96d
17.75±5.94d
11.92±6.10
8.19±3.70
35.25
0.00

b

P<0.01 vs group D; dP<0.01 vs group D.

The comparison of social support, coping style and cellular
immunity
The total scores of social support was from 26 to 55 in the
156 cases, active coping from 6 to 35, and passive coping
from 1 to 20. Meanwhile, the average of social support
was 43.67±7.05 for 156 cases, active coping 20.34±7.33,
and passive coping 9.55±5.51. Compared with group D,
subjective support was enhanced slightly in group A, but
social support, objective support, and utilization of support
reduced, especially utilization of support with significance
(6.16 vs 7.80, P<0.05); total scores of active coping
decreased, while passive coping reversed. As for the
parameter changes of cell-mediated immunology in
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peripheral blood, granulocytes proliferated, monocytes
declined, and lymphocytes declined significantly (32.87 vs
34.00, P<0.05); moreover, the percentage of CD3, CD4,
CD8 and CD56 in T lymphocyte subsets was in lower level,
respectively, and CD56 showed a significant decline in group
A (26.02 vs 32.20, P<0.05). The changes of social support,
coping style and cellular immunity findings were summarized
in Table 2.

Table 2 Comparison of social support, coping style and cellular immunity in group A, B and C with group D
Standard scores

Item

A

B

P

C

D

P1

P2

P3

Social support

43.14

42.25

44.00

44.30

0.62

0.82

0.86

Subjective support

25.00

26.00

25.17

23.50

0.50

0.35

0.48

Objective support

11.50

12.25

12.00

12.00

0.54

0.90

1.00

6.16

5.75

6.83

7.80

0.04

0.03

0.37

Active coping

20.71

20.25

19.50

21.60

0.62

0.53

0.37

Passive coping

11.43

9.75

7.17

9.10

0.12

0.72

0.76

Lymphocytea(%)

32.87

29.20

37.20

34.00

0.01

0.33

0.39

Granulocyte (%)

62.70

68.30

58.75

56.90

0.11

0.19

0.81

4.07

2.50

4.14

6.08

0.49

0.18

0.33

CD3f (%)

52.00

52.60

42.50

59.57

0.21

0.25

0.00

CD4d (%)

25.10

37.30

22.85

25.55

0.88

0.00

0.24

CD8d,e (%)

31.30

19.30

34.10

38.12

0.24

0.00

0.03

CD56 a (%)

26.02

23.20

30.65

32.20

0.02

0.11

0.42

Utilization of supporta,c

Monocyte (%)

a

P<0.05 vs group D; cP<0.05, dP<0.01 vs group D; eP<0.05, fP<0.01 vs group D.

QOL in patients with digestive tract cancer
The average of global QL were 41.67, 56.67, 35.00, 66.67,
respectively, for patients in group A, B, C and D. It indicated
that group A was in poor QOL, and the changes of physical
function, role function, fatigue, sleeplessness and constipation
were significant among different groups by one-way
ANOVA (Table 3).

Table 3 Analysis of QOL in patients with digestive tract cancer
Standard scores

Global QL
Function
PFa
RFa
EF
CF
SF
Symptom
FA
NV
PA
Single item
DY
SLb,c
AP
COa,d
DI
FI
a

P

A

B

C

D

P1

P2

P3

41.67

56.67

35.00

66.67

0.20

0.71

0.12

61.43
67.62
75.00
66.67
47.62

68.33
70.83
47.92
50.00
54.17

69.33
70.00
93.33
73.33
63.33

74.67
76.67
90.00
86.67
56.67

0.04
0.02
0.11
0.36
0.79

0.52
0.44
0.24
0.69
0.50

0.12
0.15
0.25
0.16
0.65

50.79
21.43
25.67

16.67
33.33
29.17

24.44
10.00
23.03

25.56
20.00
16.67

0.10
0.57
0.43

0.17
0.56
0.26

0.12
0.93
0.52

23.33
41.00
61.00
55.67
22.33
83.33

16.67
36.00
41.67
16.67
16.67
66.67

23.00
18.33
33.33
50.00
15.32
41.67

6.00
13.33
23.33
10.00
12.15
46.67

0.10
0.00
0.40
0.04
0.05
0.29

0.12
0.04
0.23
0.76
0.17
0.55

0.10
0.36
0.05
0.00
0.14
0.26

P<0.05, bP<0.01 vs group D; cP<0.05 vs group D; dP <0.01 vs group D.
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Correlation analysis of CAD patients
Pearson correlation analysis was performed among multiple
variables in group A (Table 4). It revealed that QL were
positively correlated with active coping and CD56 (P<0.05);
depression was negatively correlated with lymphocyte
(P<0.05); passive coping was negatively correlated with
CD56 (P<0.05); CAD was negatively correlated with QL,
active coping and CD56.

Table 4 Pearson correlation analysis among multiple variables in group A
Variable
QL
Social support
Depression
Anxiety
Active coping
Passive coping
Age (yr)
Lymphocyte
Granulocyte
Monocyte
CD3
CD4
CD8
CD56
a

QL

Social
support

1.00
0.18
–0.28
–0.07
0.42a
0.02
–0.10
0.08
–0.22
0.41
0.18
–0.04
–0.18
0.67a

0.18
1.00
–0.06
–0.13
0.17
0.05
–0.28
0.07
–0.18
0.35
0.15
–0.22
–0.03
0.24

Depression Anxiety
–0.28
–0.06
1.00
0.31
–0.07
–0.15
0.09
–0.66a
0.08
0.14
–0.32
–0.07
0.21
–0.36

–0.07
–0.13
0.31
1.00
–0.29
–0.05
0.02
0.21
0.06
–0.28
–0.17
0.31
–0.05
–0.19

Active
coping

Passive
coping

0.42a
0.17
–0.07
–0.29
1.00
0.28
–0.001
0.36
–0.44
0.37
0.09
–0.24
0.08
0.43

0.02
0.05
–0.15
–0.05
0.28
1.00
0.12
0.37
0.39
0.23
0.34
–0.03
–0.06
–0.82 b

P<0.05, bP<0.01.

Factors contributing to QOL
In clinical trials, there were many issues related to QOL,
such as social support, active coping, fatigue, depression,
monocyte, CD3, CD56, and so on. However, the step-wise
regression analysis suggested that utilization of support,
CD56, active coping, fatigue, sleeplessness and depression
were the significant factors contributing to QOL (Table 5).

Table 5 Multivariate analysis of contributing factors of QOL with
step-wise regression in patients with digestive tract cancer
Model

Unstandardized
coefficients (B)

Standardized
coefficients ()

t

P

Utilization of support

1.05

1.32

3 245.61

0.000

CD56

0.16

0.69

2 860.22

0.001

Active coping
FA

0.79
–0.16

0.77
–0.13

1 288.73
–148.03

0.011
0.010

SL

–0.04

–0.02

–144.74

0.014

Depression

–0.001

–0.005

–16.67

0.038

DISCUSSION
Increasing evidence suggests that psychosocial factors such
as stress and depression may have a harmful impact on the
course of many diseases, such as cardiovascular disease[25,26],
functional disorder and cancer [27-30], and may heighten
susceptibility to infectious diseases[31,32]. As psychosocial stress
has been suspected as a risk factor for cancer, an association
between mental disorders and cancer has been reported in
many clinical studies within patients. In this research, we
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have used data gathered in a 3-year consecutive study to
examine the comorbidity in adult patients. The findings both
confirm and extend the previous results.
Cancer of the gastrointestinal tract is a major health
problem in China, especially for the elderly. Results indicated
that Chinese patients newly diagnosed with gastrointestinal
tract cancer experienced a range of symptoms associated
with cancer and its treatment that resulted in varying degrees
of symptom distress, anxiety and depression[33,34]. More than
20% of the cancer patients have elevated scores on the
Hospital Anxiety and Depression Scale (HADS) subscales
depression and anxiety in Harter’s report[35]. In the present
cohort, there were clear and consistent trends that the average
age was 58±9 years and the rates of CAD are 21.15% in
patients with digestive tract cancers.
High level of social support appears to play a protective
role in psychological adjustment of cancer patients[36]. Social
networks, including marital/partner status; number of
children, relatives, and friends; and the frequency of religious
and community participation, may have an important relation
with HRQOL-particularly, mental health-among female longterm colorectal cancer survivors[37]. Indeed, social support
in the form of marriage, frequent daily contact with others,
and the presence of a confidante may all have protective
values against cancer progression. The current study showed
that utilization of support went down significantly in group
A, but the total scores of social support were close in four
groups. It is considered that the family pay attention to
patients in need and highlight their problems.
Coping with cancer is multidimensional scaling. There
is a significant association between patients who scored
highly on the HADS and dissatisfaction with the information
provided. Young patients, women, patients with advanced
tumors and those who had been treated with both surgery
and radiotherapy reported worse function. The worse the
functional domain, the more likely it was to be associated
with anxiety, depression and ineffective coping style[38]. Use
of a logistic regression model showed that those patients
most likely to be suffering from severe psychological
distress had a worse coping style, measured by the Mental
Adjustment to Cancer Scale (MACS) [39]. In this study,
patients’ passive coping of their disease remained relatively
stable, whereas their use of active coping strategies decreased
remarkably.
Psychosocial factors influence disease-resistance
capabilities via the neuroimmune connection. Some
immunological parameters such as T lymphocyte subsets
and NK cells are thought to play a central role in antitumour
immunity[40-42]. For instance, the growth of malignancies was
observed to be inhibited by the activated tumor-specific T
cells and the depressed activity of NK cells was probably
related to the tumor enlargement and dissemination[43,44].
Suppressive effects of CAD on immune function were well
documented in our study, providing further evidence for
the specificity of immune changes in psychiatric disorders.
Granulocytes proliferated, monocytes declined, and
lymphocytes declined significantly; moreover, the percentage
of CD3, CD4, CD8 and CD56 in T lymphocyte subsets was
in lower level. Thus, it is reasonable to hypothesize that CAD
may contribute to impairing immunity, and thereby delay
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the recovery of immune mechanisms that may be important
for cancer resistance.
In the last decade of clinical research, there has been
increasing interest in the evaluation of quality of life.
Accurate assessment of the QOL of patients can provide
important clinical information to physicians, especially in
the area of oncology[45-47]. Changes in QOL are important
indicators of the impact of a new cytotoxic therapy, which
can affect a patient’s willingness to continue treatment, and
may aid in defining response in the absence of quantifiable
endpoints such as tumor regression[48-51]. The results obtained
from the validated QLQ-C30 were used to evaluate the
physical role, emotional, cognitive and social functioning,
global health status as well as energy and sleep[52]. Then, it
revealed that QL were positively correlated with active coping
and CD56; CAD was negatively correlated with QL, active
coping and CD56. Furthermore, use of a step-wise regression
model suggested that utilization of support, CD56, active
coping, fatigue, sleeplessness and depression were significant
factors contributing to QOL. Our findings were consistent
with the reports that patients who showed high levels of
anxiety or depression had more health problems[53-56].
Quality of life, symptom management, and social support
are the traditional foci for the practise of psychosocial
oncology. The current paradigm for research in this area
primarily assesses patient responses to cancer-related CAD
and illuminates the necessity of ameliorating the negative
aspects of those responses. Findings from this research
provides insight into the importance of ongoing QOL
assessment, symptom management, and intervention to
improve QOL of Chinese cancer patients. In brief, CAD,
which can impair QOL and cellular immunity, occurs with
a higher incidence in patients with digestive tract cancers.
Hence, it is essential to improve mental health for them
with specifically tailored interventions.
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Abstract
AIM: To evaluate the effects of nitroester drugs on human
sphincter of Oddi (SO) motility and their antagonistic
effects against morphine which shows excitatory effect
on Oddi’s sphincter motility.
METHODS: The effects of these drugs on SO were
evaluated by means of choledochofiberoscopy manometry.
A total of 67 patients having T-tubes after cholecystectomy
and choledochotomy were involved in the study, they were
randomly divided into glyceryl trinitrate (GTN) group,
isosorbide dinitrate (ISDN) group, pentaerythritol
tetranitrate (PTN) group, morphine associated with GTN
group, morphine associated with ISDN group and
morphine associated with PTN group. Basal pressure of
Oddi’s sphincter (BPOS), amplitude of phasic contractions
(SOCA), frequency of phasic contractions (SOF), duration
of phasic contractions (SOD), duodenal pressure (DP) and
common bile duct pressure (CBDP) were scored and
analyzed. Morphine was given intramuscularly while
nitroester drugs were applied sublingually.
RESULTS: BPOS and SOCA decreased significantly after
administration of ISDN and GTN, BPOS reduced from
10.95±7.49 mmHg to 5.92±4.04 mmHg (P<0.05) evidently
after application of PTN. BPOS increased from 7.37±5.58
mmHg to 16.60±13.87 mmHg, SOCA increased from
54.09±38.37 mmHg to 100.70±43.51 mmHg, SOF increased
from 7.15±3.20 mmHg to 10.38±2.93 mmHg and CBDP
increased 3.75±1.95 mmHg to 10.49±8.21 mmHg (P<0.01)
evidently after injection of morphine. After associated
application of ISDN and GTN, the four indications above
decreased obviously. As for application associated with PTN,
SOCA and SOF decreased separately from 100.64±44.99
mmHg to 66.17±35.88 mmHg and from 10.70±2.76 mmHg
to 9.04±1.71 mmHg (P<0.05) markedly.
CONCLUSION: The regular dose of GTN, ISDN and PTN
showed inhibitory effect on SO motility, morphine showed

excitatory effect on SO while GTN, ISDN and PTN could
antagonize the effect of morphine. Among the three
nitroester drugs, the effect of ISDN on SO was most
significant.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The Oddi’s sphincter is the smooth muscle junction
connecting the common bile duct and the duodenum which
provides regulation of bile flow and hinders duodenobiliary
reflux. During phasic contractions the papilla is closed and
bile flow stops. Between phasic contractions the papillary
muscle is relaxed and the bile flows from the common bile
duct to the duodenum. Oddi’s sphincter manometry (OSM)
is considered as the gold standard method for evaluating
the function of Oddi’s sphincter. OSM can be directly
performed during surgery, or indirectly during ERCP, via a
T-tube or percutaneously. A basal pressure and phasic
contractions of Oddi’s sphincter can be obtained with OSM.
Nitroester drugs are organic nitrates which have been
shown to relax the smooth muscle of blood vessels. This
effect has been widely accepted for the treatment of angina
pectoris. Nitrates also act on a range of smooth muscles
and effectively relax muscles of the gallbladder, the bile
duct and the SO (SO) not in superscript[1-3]. Morphine can
cause excitatory effect on Oddi’s sphincter motility and
therefore induces upper abdominal pain with characteristics
of biliary colic in some patients. Morphine could increase
intrabiliary duct pressure[4-6] , and delay bile flow to the
duodenum[7] So morphine should not be used during ERCP
manometry or choledochoscope examination. Few reports
have described if nitroester drugs could antagonize the excitatory
effect of morphine on Oddi’s sphincter motility.
The first aim of this study is to evaluate the effects of
three nitroester drugs on human Oddi’s sphincter motility
by choledochoscope manometry. While the second aim is
to assess if nitroester drugs can antagonize morphine’s
excitatory effect on SO motor function.
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Table 1 Manometric data before and after administration of GTN in 10 patients (mean±SD)
Before GTN administration (control)
Sphincter of Oddi basal pressure (mmHg)

10 min after GTN administration

9.70±2.54

5.71±3.95

a

20 min after GTN administration
5.80±3.42a

c

49.78±32.67c

Amplitude of phasic contractions (mmHg)

88.84±68.77

52.07±23.59

Frequency of phasic contractions (n/min)

6.71±2.21

7.32±2.69

5.57±2.05

Common bile duct pressure (mmHg)

5.43±4.40

4.19±4.19

5.43±4.39

a

P<0.05, cP<0.05 vs themselves , n = 10 (n represent the number of patients involved in the research).

MATERIALS AND METHODS
Patients
OSM was performed for 67 patients (30 men, 37 women,
and mean age 52.5 years, range 37-75 years) with PENTAX
LX-750p choledochofiberoscopy at the Second Affiliated
Hospital of China Medical University between October
2003 and July 2004. All the patients had undergone
cholecystectomy and biliary exploring, T tube drainage at
least 1.5 mo (mean 2.5 mo) ago, they were given nothing
and kept fasting for 8 h before manometry.
Methods
A triple lumen polyethylene manometry catheter of 200 cm
length and 1.7 mm outer diameter was used for manometry.
The side holes in the distal end were located 2 mm apart.
Each catheter lumen was infused with sterile water at a
flow rate of 0.5 mL/min by a minimally compliant hydraulic
capillary infusion system. PC polygraph HR (Swedish CTDSynectics Medical Company) and relevant program were
used to record and analyze the tracings. The manometry
was performed after removing all the stones in the common
bile duct. The catheter was introduced via side-pore of
choledochofiberoscopy into duodenum directly, when the
tracings of the pressure were stable, duodenal pressure (DP)curve was recorded. It was then withdrawn in a stepwise
fashion, the position of catheter in the sphincter was
confirmed by the characteristic pressure changes seen on
the screen. It could also be confirmed by direct observation
through choledochofiberoscopy. The SO and common bile
duct motility tracings were recorded respectively. Drugs
were administered sublingually or injected intramuscularly
at 10 min intervals. Patients were selected randomly, to
receive one of the different schemes of drug administration.
GTN group, ISDN group and PTN group, one of the
three nitroester drugs was administered sublingually after
the first measurement. GTN was administered in dose of
1 mg while ISDN in doses of 5 mg and PTN in doses of
20 mg. Ten minutes later, the second manometry was
performed, and then the third, 20 min after administration.
Morphine associated with GTN group, morphine

associated with ISDN group and morphine associated with
PTN group. Morphine was administered intramuscularly
in doses of 10 mg after the first measurement. Ten minutes
later, the second manometry was performed. Then the patient
took sublingual administration of 1 mg GTN or 5 mg ISDN
or 20 mg PTN. Therefore 10 and 20 min later, the procedure
was repeated for the third and the fourth time.
Basal pressure of Oddi’s sphincter (BPOS), amplitude of
phasic contractions (SOCA), frequency of phasic contractions
(SOF), duration of phasic contractions (SOD), DP and
common bile duct pressure (CBDP) were recorded and
analyzed with a special computer program. Statistical analysis
was carried out using the Student’s t-test. Data were
expressed as mean±SD. A single-tailed P value<0.05 was
considered statistically significant.

RESULTS
Sixty-seven patients with T-tube who had no evidence of
ampullary abnormality underwent SOM. Clear tracings of
pressure and phasic contractions were acquired. Every group
had data of three or four times which were compared and
contrasted.
Effect of solo nitroester drugs on the SO motility
Ten minutes after sublingual administration of 5 mg ISDN
or 1 mg GTN, BPOS and SOCA decreased markedly
(P<0.05). Even 20 min later, the effects still persisted
(P<0.05) (Tables 1 and 2). As for the PTN group, BPOS
reduced significantly 20 min after administration (P<0.05).
SOCA and CBD decreased slightly 10 and 20 min after
application, but it is not statistically significant (Table 3).
Effects of nitroester drugs antagonize morphine on the SO
motility
Morphine at a dose of 10 mg produced an immediate and
markedly stimulatory effect on the SO and the common bile
duct. Levels of BPOS, SOCA, SOF and CBDP significantly
increased 10 min after injection (P<0.01) (Table 4). Then
10 min after sublingual application of TPN, the four

Table 2 Manometric data before and after administration of ISDN in 16 patients (mean±SD)
Before ISDN administration (control)

10 min after ISDN administration

Sphincter of Oddi basal pressure (mmHg)

10.78±10.79

5.56±3.38a

Amplitude of phasic contractions (mmHg)

92.06±43.36

60.82±33.64c

20 min after ISDN administration
5.40±4.78
38.16±18.38d

Frequency of phasic contractions (n/min)

7.88±2.58

6.83±3.63

7.13±3.47

Common bile duct pressure (mmHg)

4.49±5.33

3.42±1.56

3.13±2.17

a

P<0.05, cP <0.05 dP<0.01 vs themselves, n = 16 (n represents the number of patients involved in the research).
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Table 3 Manometric data before and after administration of PTN in 11 patients (mean±SD)
Before PTN administration (control)

10 min after PTN administration

20 min after PTN administration

Sphincter of Oddi basal pressure (mmHg)

10.95±7.49

8.59±11.90

5.92±4.04a

Amplitude of phasic contractions (mmHg)

86.19±42.04

68.08±38.23

59.51±27.35

Frequency of phasic contractions (n/min)

7.04±1.50

5.95±2.79

7.31±2.80

Common bile duct pressure (mmHg)

7.26±4.25

4.83±4.13

5.57±3.49

a

P<0.05 vs themselves, n = 11 (n represents the number of patients involved in the research).

Table 4 Manometric data before and after administration of morphine in 30 patients (mean±SD)
Before morphine administration (control)

10 min after morphine administration

Sphincter of Oddi basal pressure (mmHg)

7.37±5.58

16.60±13.87b

Amplitude of phasic contractions (mmHg)

54.09±38.37

100.70±43.51d

Frequency of phasic contractions (n/min)

7.15±3.20

10.38±2.93f

Common bile duct pressure (mmHg)

3.75±1.95

10.49±8.21h

b

P<0.01, dP<0.01, fP<0.01, hP<0.01 vs themselves, n = 30 (n represents the number of patients involved in the research).

increased indications decreased markedly to normal levels
(P<0.01), but the effects were transient. As for 20 min after
administration, all the indications had no difference to that
of 10 min after morphine injection (Table 5) BPOS, CBDP
and SOCA lowered significantly 10 and 20 min after
application of ISDN, SOF decreased obviously 20 min after
administration (P<0.05) (Table 6). BPOS decreased evidently
10 and 20 min after the usage of PTN, SOF slowed down
slightly 10 min after administration (P<0.05) (Table 7).

DISCUSSION
The advent of OSM in the mid-1970s was the most important
development in understanding of the motility of the SO.
Prior to that time, the SO motility was evaluated by indirect
methods such as cineradiography, contrast media drainage
time, and transphincteric flow studies via a T-tube either during
or after biliary tract surgery. From then on, OSM has obtained
widespread application in the evaluation of patients for SO

dysfunction (SOD). OSM could be directly performed
during surgery, or indirectly during ERCP, via a T-tube or
percutaneously. In this study we studied nitroester drugs’
effects and their antagonistic effects against morphine on
human SO motility via choledochofiberoscopy manometry.
Nitroester drugs can relax vascular smooth muscles,
including that of gastrointestinal tract. They also can
effectively relax the muscle of Oddi’s sphincter. Among
these drugs the effect of glyceryl trinitrate (GTN) on the
SO has been well researched. There are relatively few reports
about isosorbide dinitrate (ISDN) and no report about
pentaerythritol tetranitrate(PTN) on the SO motility. Staritz
et al[8] first reported that sublingual administration of 1.2 mg
of GTN markedly lowered the SO basal tone and phasic
contraction amplitude. Later on, Brandstatter et al[9] also found
a remarkable decrease of the BPOS and the phasic SO
contraction frequency, which lasted for many minutes after
intravenous administration of nitroglycerine. Furthermore,
Staritz et al[10] and Uchida et al[11] found that sublingual GTN
enables the endoscopic extraction of small (6-12 mm)

Table 5 Antagonism of GTN against morphine on the SO motility in 10 patients (mean±SD)
10 min after morphine
administration (control)

10 min after GTN
associated administration

20 min after GTN
associated administration

Sphincter of Oddi basal pressure (mmHg)

12.49±5.40

6.46±6.88b

13.47±7.69

Amplitude of phasic contractions (mmHg)

96.56±48.49

56.54±27.19d

63.89±34.56

Frequency of phasic contractions (n/min)

8.98±1.34

6.96±1.83f

7.66±2.50

10.99±4.75

4.94±3.27h

7.87±4.72

Common bile duct pressure (mmHg)
b

d

f

h

P<0.01, P<0.01, P<0.01, P<0.01 vs themselves, n = 10 (n represents the number of patients involved in the research).

Table 6 Antagonism of ISDN against morphine on the SO motility in 10 patients (mean±SD)
10 min after morphine
administration (control)

10 min after ISDN
associated administration

20 min after ISDN
associated administration

Sphincter of Oddi basal pressure (mmHg)

24.63±19.55

5.43±4.82a

5.98±6.02b

Amplitude of phasic contractions (mmHg)

112.89±35.04

39.65±21.08d

43.45±28.65d

Frequency of phasic contractions (n/min)

11.46±3.83

8.82±2.67

8.52±2.21c

Common bile duct pressure (mmHg)

11.79±8.21

6.05±4.76e

5.75±3.87e

a

P<0.05, cP<0.05, eP<0.05, bP<0.01, dP<0.01 vs themselves, n = 10 (n represents the number of patients involved in the research).
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Table 7 Antagonism of PTN against morphine on the SO motility in 10 patients (mean±SD)
10 min after morphine
administration (control)

10 min after PTN
associated administration

20 min after PTN
associated administration

Sphincter of Oddi basal pressure (mmHg)

13.25±9.63

10.61±11.00

13.12±12.09

Amplitude of phasic contractions (mmHg)

100.64±44.99

75.86±32.16a

66.17±35.88a

Frequency of phasic contractions (n/min)

10.70±2.76

9.95±1.08

9.04±1.71c

6.99±6.30

6.49±3.66

4.48±4.15

Common bile duct pressure (mmHg)
a

P<0.05, cP<0.05 vs themselves , n = 10 (n represents the number of patients involved in the research).

common bile duct (CBD) stones. Because of its potential
side effect, such as severe headache, Luman et al[12] recently
demonstrated that topical infusion 5 or 10 mg of GTN
significantly decreased the basal SO tone and phasic motor
function. They stated that local administration of GTN was
not accompanied by adverse effects. Wehrmann et al[13] found
that topical application of GTN or ISDN evoked a profound
inhibition of SO motor function, and the effect of ISDN
was longer than that of GTN. However, locally administered
GTN did not facilitate selective bile-duct access during routine
ERCP. Yasuyoshi et al [14] described the removal of small
common bile duct stones through the combined use of
intravenous injection of ISDN and baskets and/or balloons
without the use of endoscopic sphincterotomy. Stones were
completely removed in 15 of the 18 patients.
We found that both GTN and ISDN could decrease BPOS
and SOCA, PTN could reduce SOCA, showed inhibitory
effects on SO. Among the three drugs, the effect of ISDN
on SO was most significant. Nitroester drugs are nitric oxide
(NO) donors, application of NO donors could significantly
inhibit SO motor function[15,16] The effect of cholecystokinin,
a major hormone with relaxing properties, on the SO was
mediated through stimulation of non-adrenergic noncholinergic (NANC) nerves whose neurotransmitter is NO[17].
Sari et al[18] found that nitroglycerin increased the cyclic GMP
concentration. Neither tetrodotoxin (TTX) nor vasoactive
intestinal polypeptide (VIPa) modified this response. It could
also increase the cyclic AMP concentration, which was
blocked by both TTX and VIPa. This indicated that relaxation
of the SO by NO donors involves a glibenclamide-sensitive
mechanism which was closely related to increased formation
of cyclic AMP but not of cyclic GMP. So we thought the
three nitroester drugs which could provide NO inhibited
SO motor function via excitation of NANC nerves.
Narcotic drugs (especially morphine) have already been
known to cause spasm of the SO. Nonetheless, they were
widely used in the perioperative period in patients with biliary
tract disease, both for preoperative analgesia and for
supplementation of the anesthetic technique. Unfortunately,
spasm of the sphincter may yield a “pseudocalculus” artifact
during cholangiography that is indistinguishable from
impacted common bile duct stone and may result in
unnecessary bile duct exploration. Helm et al[19] studied the
effect of morphine on SO using OSM during ERCP. In a
small cumulative dose of 2.5-5 g/kg, morphine increased
the frequency of phasic contractions to a maximum of 1012/min, but it did not affect the mean amplitude of phasic
contractions and the mean SO basal pressure. As the
cumulative dose was increased from 10 to 20 g/kg, no

further increase in the frequency of phasic pressure waves
was seen. Instead, the phasic wave amplitude and the mean
SO basal pressure increased. Blaut et al [20] found that
morphine increased the intraductal biliary pressure (IDP)
with OSM via a T-tube, but the high IDP caused by
morphine could be counteracted by transcutaneous electrical
nerve stimulation. We found that morphine could increase
the basal pressure of Oddi’ sphincter, CBDP, frequency
and amplitude of phasic contractions. Morphine showed
an excitatory effect on the SO, and might be a cause of Oddi’s
sphincter dysfunction. Our previous study showed that the
effect of morphine on SO lasted more than 20 min[21].
Some reports indicate that the morphine-induced SO
spasm, can be reversed by injection of naloxone [22] ,
nalbuphine[23], and glucagon[24]. Nitroglycerin has been used
to reverse the spasm induced by narcotic usage[25,26]. But
there was no research in manometry evaluated if nitroester
drugs can antagonize the excitatory effect of morphine on
Oddi’s sphincter motility. We found that all the three
nitroester drugs could antagonize the excitation induced by
morphine. But the mechanism was not well known, and
needs to be researched further.
The risk of pancreatitis induced by ERCP cannot be
eliminated presently. The etiology of ERCP-induced
pancreatitis is multifactorial. Attempts to prevent this
complication by using administration of glucagon [27],
nifedipine[28,29], hydrocortisone[30] and octreotide[30] have been
disappointing. Somatostatin[31,32] is effective in reducing the
incidence of pancreatitis after therapeutic ERCP, but the
cost is relatively expensive. Sudhindran et al [33] found
prophylactic treatment with GTN reduced the incidence
of pancreatitis following ERCP but did not reduce the extent
of hyperamylasemia or the severity of pancreatitis.
In summary, our results indicate that all the three
nitroester drugs have inhibitory effects on human SO, they
also can antagonize the excitation effect of morphine on
SO. Among them the effect of ISDN is most obvious. This
action is mediated through stimulation of the NANC nerves.
These drugs could be used for several purposes: (1) to remove
small- and medium-sized common bile duct stones through
intact papillae; (2) to facilitate cannulation of the ampulla in
diagnostic ERCP; (3) to relieve the pain caused by biliary
colic in patients with SO dysfunction; (4) to reverse the spasm
of Oddi’s sphincter induced by narcotic usage; and (5) to
reduce the incidence of pancreatitis following ERCP.
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Abstract
AIM: To assess the feasibility and usefulness of multi-detector
CT enterography with orally administered iso-osmotic
mannitol as negative contrast in demonstrating small
bowel disease.
METHODS: Thirteen volunteers and 38 patients with
various kinds of small bowel disease were examined. We
administered about 1 500 mL iso-osmotic mannitol as
negative contrast agent and then proceeded with helical
CT scanning on a Siemens Sensation 16 scanner. All
volunteers and patients were interviewed about their
tolerance of the procedure. Two radiologists postprocessed imaging data with MPR, thin MIP, VRT and
INSPACE when necessary and then interpreted the scans,
and adequacy of luminal distention was evaluated on a
four-point scale. Demonstration of features of various
kinds of small bowel disease was analyzed.
RESULTS: The taste of iso-osmotic mannitol is good
(slightly sweet) and acceptable by all. Small bowel
distention was excellent and moderate in most volunteers
and patients. CT features of many kinds of diseases such
as tumors, Crohn’s disease,and small bowel obstruction,
etc. were clearly displayed.
CONCLUSION: Multi-detector CT enterography with
iso-osmotic mannitol as negative contrast to distend the
small bowel is a simple, rapid, noninvasive and effective
method of evaluating small bowel disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The small bowel remains the most challenging segment of
the alimentary tube to examine, due to its length, caliber,
and overlap of loops. Barium enteroclysis is the conventional
radiographic examination method which shows intraluminal
lesions, while abdominal CT displays extraintestinal manifestations
of small bowel disease. CT enteroclysis (CT-E) is a method
of examining the small bowel that combines the advantages
of both the the above-mentioned methods[1].
Due to the ability of multidetector CT scanners to scan
large volumes at faster speed with the ability to perform
reconstruction following the examination, CT-E has become
a more feasible extension of the conventional enteroclysis
and CT methods of examining the small intestine. A well
distended small bowel is mandatory to prevent diagnostic
error due to empty loops, so placement of a nasojejunal
tube is usually needed which is uncomfortable. The study is
to assess the feasibility and usefulness of CT enterography
using iso-osmotic mannitol as a orally administered negative
contrast agent.
MATERIALS AND METHODS
Materials
Fifty-one subjects (female 21, male 30, mean age 52.3 years,
age range = 19-81 years) were included, 13 of which were
normal volunteers and 38 were patients with various kinds
of diseases proved surgically, endoscopically, pathologically
and clinically. There were 15 cases of small-bowel tumors,
nine cases of Crohn’s disease, four cases of small-bowel
adhesions after surgery, five cases of mesenteric ischemia,
one case of intussusception, one case of eosinophilic
gastroenteroitis, one case of volvulus, one case of duodenal
stasis and one case of ileal chronic ulcer with multiple
inflammatory polyps.
Protocol
The cleansing preparation usually requires a low-residue diet,
ample fluids, and 500 mL 20% mannitol administered orally
as laxative on the day prior to the exam, and nothing to eat
on the day of the examination. About 1 500 mL of iso-osmotic
mannitol was drunk continuously in 40-60 min, and then
20 mg of Raceanisodamine hydrochloride was injected
intravenously. Five to ten minutes later began the helical CT
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Table 1 Distension, diameter, wall thickness and enhancement of normal small intestine
Distension

Diameter/wall thickness

Plain/artery phase/venous phase enhancement (Hu)

Duodenum

2.52±0.22

19.4±7.01/1.68±0.83

36.65±4.15/70.65±11.95/78.6±12.75

Jejunum

2.33±0.19

20.68±3.47/1.1±0.51

33.26±5.06/65.43±8.15/73.31±11.74

Ileum

2.81±0.31

18.10±4.11/0.90±0.34

6.96±4.51/65.29±8.06/72.17±12.11

scanning on a Siemens Sensation 16 scanner (Siemens, Erlanger,
Germany) with CARE DOSE 4D software and the following
parameters: 120 KVP, 130 effective mAs, 0.5 S rotation
time, 7.0 mm thickness, and Kernel B 20 f smooth. After
plain scan, arterial phase and venous phase were scanned
20-30 s and 50-70 s after the start of the intravenous
injection of 100 mL Omnipaque (300 mgI/mL) at a rate
of 3.5 mL/s. Raw data were retrospectively reconstructed
with a thickness of 0.75 mm and a gap of 0.7 mm, which
was post-processed into MPR, thin MIP and VRT at a
WIZARD workstation, using Inspace when necessary.
Acceptance of the procedure was interviewed, and the
cost of the examination was also evaluated.
Image evaluation
Imaging data were independently interpreted by three
experienced abdominal radiologists together. Small bowel
was divided into three segments: duodenum, jejunum and
ileum. Adequacy of luminal distention was assessed with a
four-point scale in each segment. A distention score 0, 1, 2,
3 represents less than 30%, 30-50%, 50-80% and more
than 80% respectively of the evaluated segment was
adequately distended. The maximun outer diameter and wall
thickness of duodenum, jejunum and ileum were measured
and the CT values of bowel wall in different phase were
measured with a ROI of 2 mm2. The truncated areas of
superior mesenteric artery and superior mesenteric vein were
measured in front of the unicate of pancreas. The demonstration
of mesenteric vasculature was evaluated. MDCT-E features
and characteristics of various kinds of diseases were also
observed and analyzed including the changes of lumen,
wall, vascular, mesenteric and other organs.
Statistical analysis
The results of maximun outer diameter of the small bowel,

Figure 1 Coronal section shows adequate small bowel luminal distention,
uniform wall enhancement and normal superior mesenteric vessels and their
branching.

CT values of bowel wall, and the truncated areas of superior
mesenteric artery and superior mesenteric vein were all
expressed as mean±SD, and the difference of distension
scores among three radiologists was analyzed by 2 test.
P<0.05 was considered statistically significant.

RESULTS
Acceptance of the procedure
All volunteers and patients considered the taste of iso-osmotic
mannitol as good or acceptable, and no discomfort and
complication were found. In our hospital, it costs about
1 000 yuan RMB, just equal to the charge of the CT
examination of the whole abdomen.
Luminal distention and measurements of volunteers
Luminal distention was satisfactory and adequate especially
in the ileum in most normal volunteers, the distention score
being 2.52±0.22, 2.33±0.19 and 2.81±0.31 in duodenum,
jejunum and ileum respectively, and difference of distension
scores among three radiologists was not statistically significant
(2 = 1.464, P = 0.486). The normal outer diameter and
wall thickness of small bowel were generally less than 30
and 3 mm in all volunteers (Table 1). The truncated area of
superior mesenteric artery (SMA) and superior mesenteric
vessel (SMV) were 0.43±0.14 and 1.34±0.31 cm2. Normal
branching of SMA, SMV, and inferior mesenteric artery
and inferior mesenteric vein was demonstrated clearly even
to the vasa recta (Figure 1).
MDCT-E features of various kinds of diseases
Small bowel tumors Three cases of adenocarcinoma,
two in the duodenum and one in jejunum, manifested as
lobular small mass and small bowel obstruction (Figures 2
and 3A). The mean diameter of the masses is 3.05±1.23 cm
and enhanced markedly (mean CT value being 42.03±8.70,

Figure 2 Axial CT-E image of lower abdomen shows an irregular mass at the
obstruction point (arrow) which is supposed to be at the ileum.
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Figure 3 Value of coronal images. A: Cronal projection of the same patiet as
fig 2 vividly displays the enhanced mass (arrow) at the dilated and elongated
proximal jejunum; B: Coronal projection of a jejunal GIST clearly exhibits
subserously located, markedly enhanced the mass (thin arrow) and its feeding
artery and draining vein (thick arrow). C: Coronal projection of a MALT lymphoma

shows aneurysmal dilatation of a long segment of thickened ileal loop that
cannot be seperated from the bladder and multiple mesenteric nodes. D: Coronal
projection of a patient with Crohn’s disease shows segmental ileal wall thickening,
mucosal enhancement, prominent perienteric vasculacture and cutaneous
orificium fistulae (arrow).

91.30±11.51 and 95.30±9.08 HU at plain scan phase, artery
phase and venous phase, respectively). No obviously dilated
feeding artery and draining vein were found. Six cases of
gastrointestinal stromal tumors (GISTs), one in duodenum
and four in jejunum (Figure 3B) and one in ileum,
characterized as bigger mass and no bowel obstruction. The
masses are larger than adenocarcinoma (mean diameter =
5.13±2.91 cm) and enhanced more significantly (mean CT
value being 36.30±12.33, 124.50±12.34, and 136.78±9.12
HU at plain scan phase, artery phase and venous phase,
respectively). There were dilated feeding arteries and draining
veins in two cases, ring-like calcification in two cases,
punctuated calcification in one case, internal necrosis in
three cases, hepatic metestasis in one case. All masses are
subserously located. One case of T-cell lymphoma
demonstrated as thickened wall with ulcer. One case of
mucosa associated lymphoid tissue lymphoma in ileum was
featured as aneurysmal dilatation of a long segment of
thickened ileal loop that cannot be seperated from the
bladder and multiple mesenteric nodes (Figure 3C). One
case of fibromyxoid sarcoma manifested as a intraluminal
mass enhanced markedly combined with retroperitoneal
masses. One case of jejunal lipoma displayed as an
intraluminal fat density mass with a long stalk. Two cases
of peritoneal metastatic adenocarcinoma, which were from
pancreatic carcinoma and colon carcinoma respectively,
showed peritoneal masses and jejunal obstruction.
Crohn’s disease In nine cases of Crohn’s disease, 14 segments

were involved. The common CT-E signs (Figures 3D and 4)
were mucosal enhancement, bowel thickening, luminal
stricture and prestenotic dilatation, mesenteric fibrofatty
change, prominent perienteric vasculature, mural stratification,
enlarged lymph nodes. Other signs include ascites (four
cases), abscess anal fistula (one case), enterocutaneous fistula
(1 case), gall bladder wall enhancement (two cases) and
pelvic bone destruction (one case).
Post-operative adhesions In four cases of post-operative
adhesions, common CT-E signs were abnormally distributed
loops. Internal hernia and then strangulation (intramural
gas) was found in one case. A band and a closed loop were
found in the second patient with obstruction. Chronic ulcer
in an adhered jejunal loop was displayed clearly in the third
patient. Small-bowel loops surrounding a peritoneal catheter
was found in the fourth patient.
Mesenteric ischemia In five cases of mesenteric ischemia
the common signs were thickened bowel wall and fuzzy
mesenteric fat. Two cases were atherosclerotic disease of
the superior mesenteric artery (SMA), and luminal narrowing,
fewer branching and calcified atherosclerotic plaque were
found on the thin MIP. Pneumatosis was found in one
patient who combined with pyemia. One case of acute
mesenteric ischemia was caused by thrombosis in the SMA
which showed the filling defect in the SMA and small bowel
mural stratification (Figures 5 and 6). One case of
thrombosis in the proximal superior mesenteric vein and
one case of hematoma in mesenteric root were clearly

Figure 4 Sagittal projection of the same patient as figure 3D shows a markedly
enhanced enterocutaneous fistula (arrow).

Figure 5 Axial section of an acute mensenteric ischemia caused by thrombosis
shows an filling defect in SMA (arrow).
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Figure 6 Lower section of the same patient as Figure 5 shows small bowel
wall thickening with mural stratification.

demonstrated as intraluminal defect and high density mass
around the proximal superior mesenteric vessel.
Others One case of ileum-ileum intussusception looked
like sausage-like mass at the obstruction point, the
intussuscipiens and intussusceptum being clearly identified.
One case of eosinophilic gastroenteritis had diffusely
thickened bowel wall that resolved very soon after the
administration of cortical hormone. One case of small
bowel volvulus after gastric operation showed the whirl sign
of the vessels in the mesentery and the mesenteric density
increased. One case of duodenal stasis was characterized
as dilated proximal duodenum and compressed transverse
segment of duodenum by aorta and superior mesenteric
artery. One case of chronic ileal ulcer with multiple
inflammatory polyps were clearly defined on CT
enterography, and the ulcer demonstrated as a regional
eccentric thickened bowel wall with irregular inner border
and polyps as brightly enhanced nodules.

DISCUSSION
Owing to its length, caliber, and overlap of loops, small
bowel remains the most challenging part to be assessed.
Barium enteroclysis shows the intraluminal lesion clearly
but cannot depict mural and extraintestinal changes, while
conventional abdominal CT without adequate distention of
the bowel can display the outside of the bowel but usually
overlook the intraluminal disease and mural change. MDCTE combines the advantages of the above two methods and
overcomes each other’s disadvantages. Currently, data on
the technical and clinical application of MDCT-E is
fragmentary and preliminary[1]. The adequate distention of
small bowel is mandatory to CT-E, and numerous techniques
have been designed to optimize visualization of the small
bowel[1–3], and the majority of these studies have employed
fluoroscopic placement of a nasojejunal tube to infuse
contrast material. A few recent reports described CT
enterography with orally administered negative contrast,
which had satisfactory results[4,5].
Clinical applications of CT-E included: (1) small bowel
obstruction - conventional CT has high sensitivity in
diagnosing high-grade obstruction and is of value in
confirming the presence or absence of strangulation.
Contrast examination is not indicated in these cases[6–8] .
CT-E has been reported to have greater sensitivity (89%)
and specificity (100%) than conventional CT (50% and 94%,
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respectively) in patients suspected of having a partial small
bowel obstruction, and this difference was even greater when
abdominal malignancy was known or suspected[1]. The precise
localization and classification of adhesions, the most
common cause of small bowel obstruction, is readily made
with CT-E. Analysis of axial images aided by coronal and
sagittal reformatting allows categorization of small bowel
adhesions into parietal and visceral adhesions. This ability is
especially useful in complicated cases and often increase
the confidence of the radiologists[9]. In addition, clinicians
and surgeons appreciate the availability of additional
planes, which helps them to better understand complex
cases[10]. Single or multiple points of obstruction are readily
demonstrated similar to barium enteroclysis but their precise
location is made easier with CT-E. Obstruction from primary
malignancy or metastatic disease is also diagnosed readily
with CT-E[11]. (2) Crohn’s disease - CT has come to play an
increasingly important role in the evaluation of patients with
Crohn’s disease because of its ability to accurately demonstrate
the bowel wall as well as adjacent structures and extraluminal
extension of disease[12]. For acutely ill patients, CT is often
the only study required, providing crucial information for
both the accurate diagnosis and treatment of the many
complications associated with Crohn’s disease[13-15]. Patients
with Crohn’s disease often have complex disease that
involves multiple bowel loops or adjacent organs. The ability
of CT-E to visualize the scan in more than the axial plane is
essential for complete understanding of the extent of the
disease. Multiplanar reconstructions significantly improved
the observer’s confidence in their interpretation of the
imaging and in their ability to detect the extent of the bowel
involvement[16]. We also found that multiplanar reformation
is very useful in vividly displaying the complex involvement
of Crohn’s disease. CT-E can be highly accurate in depicting
mucosal abnormalities, bowel thickening, fistulae, and
extraintestinal complications. Activity of Crohn’s disease
was evaluated on CT-E by the presence of mural stratification,
mucosal and mural hyperenhancement, edema in the
perienteric mesenteric fat, and prominent pericolic or
perienteric vasculature[2,17-19]. (3) Neoplasms - CT plays a
more active role in detection and staging of small bowel
neoplasms. Even subtle adenocarcinomas can be visualized
by CT-E, which most frequently appears as eccentric or as
circumferential wall thickening involving a short segment
of the small bowel and results in “apple core” appearance[20].
Gastrointestinal stromal tumors (GISTs) can be seen as a
large mass on CT-E, which may be helpful to define the site
of the tumor; benign GISTs cannot be reliably differentiated
from malignant ones on CT unless there is obvious metastasis
or local extension. GISTs can ulcerate or calcify and usually
are not associated with significant adenopathy[20] . In our
group, GISTs usually enhanced significantly and have dilated
feeding arteries and draining veins. Carcinoid tumor has a
propensity for ileum[21], which has not been very successfully
detected by traditional CT examinations and now can be
visualized when water is given as oral contrast and a good
IV contrast bolus is administered and thin-collimation MDCT
is performed[22]. Carcinoids that have infiltrated the mesentery
demonstrate a characteristic CT appearance as an infiltrating
mesenteric mass that contains calcification in upto 70%
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of cases. MDCT-E well demonstrate the relationship of
the mass to the mesenteric vessels, which is crucial for
surgical planning[23] . CT has played an important role in
evaluation and follow-up of patients with lymphoma[24].
Primary small bowel lymphoma often appears as focally
thickened loop, which usually does not result in obstruction.
CT-E offers the advantage of simultaneously assessing
adenopathy, extraluminal extent and small bowel lesions.
CT-E, because of the large surface rendering with a volume
challenge, allows delineation of lesions as small as 0.5 cm in
size[25]. (4) Obscure gastrointestinal bleeding - in patients
with an obscure gastrointestinal bleeding, the conventional
small bowel follow through has no place in clearing the
small bowel after negative endoscopy, angiography, or a
tagged red cell scan [26,27]. Traditional doublecontrast
enteroclysis is estimated to be successful in 21% of such
cases[28]. CT-E maybe useful in patients with anemia of
unknown origin. Arteriovenous malformations are the most
common vascular etiology. CT-E using methylcellulose as a
neutral luminal contrast material with an IV contrast bolus
of 150 mL at 4 mL/s can potentially identify the source of
unexplained gastrointestinal bleeding. Vascular malformations
have been diagnosed on helical CT with IV contrast
material[29,30]. Duodenal varices have been reported to be
successfully demonstrated by multislice helical CT[31].
To our knowledge, this is the first report of CT enterography
using iso-osmotic mannitol as orally administered negative
contrast to distend the small bowel. Iso-osmotic mannitol is
slightly sweet and acceptable, which cannot be absorbed by
the intestine and a large volume administered orally in a
short time can distend the small bowel adequately. This
method freed the patients from the placement of nasojejunal
tube and acceptable by most patients without important
complications. The lumen, wall, extraintestinal structure, and
other organs are satisfactorily demonstrated in both
volunteers and patients. In our group, adenocarcinoma
manifested as small mass with obstruction while GIST as
bigger mass enhanced significantly without obstruction.
Crohn’s disease characterized as thickened wall, enhanced
mucosae, fuzzy mesenteric fat, enlarged lymph nodes,
prominent perienteric vasculature and extraintestinal
complications. Other diseases have also been shown clearly.
With comparison to conventional CT, we found that
MDCT-E has many advantages: (1) lesion can be localized
more precisely and characterized accurately. Two cases of
adenocarcinoma associated with bowel obstruction had been
mis-interpreted as distal small bowel obstruction or colon
obstruction on conventional axial CT scans, while CT
enterography accurately showed the mass causing proximal
small bowel obstruction. (2) CT enterography can display
mesenteric lymphadenopathy which usually be overlooked
at conventional CT. (3) CT enterography with its 3-D display
can more precisely explain the relationship between lesions
and neighboring structure that is helpful to surgery. (4) CT
enterography with its coronal projections that is similar to
conventional enteroclysis is much more welcomed by
surgeons and physicians.
Although our experience is limited, we believe that CT
enterography with iso-osmotic mannitol as orally
administered negative contrast is a simple, noninvasive,
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economic, effective method for assessing small bowel
diseases and others, which should be further studied.
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Abstract
AIM: Retention and accumulation of toxic hydrophobic bile
salts within hepatocyte may cause hepatocyte toxicity by
inducing apoptosis. Apoptosis is a pathway of cell death
orchestrated by a family of proteases called caspases. Z-ValAla-Asp (OMe)-fluoromethyl ketone (ZVAD-fmk) is a cellpermeable irreversible inhibitor of caspase. The purpose
of this study was to evaluate the possible effect of ZVADfmk on hepatocyte apoptosis after bile duct ligation in the rat.
METHODS: Male Sprague-Dawley rats, weighing 250-300 g,
were randomized to five groups of five rats each. Group 1
underwent common bile duct ligation and simultaneous
treatment with ZVAD-fmk (dissolved in dimethylsulfoxide
(DMSO)). Group 2 underwent common bile duct ligation
and simultaneous treatment with Z-Phe-Ala-fluoromethyl
ketone ( ZFA-fmk, dissolved in DMSO). Group 3 underwent
sham operation and simultaneous treatment with the same
amount of DMSO. Group 4 underwent sham operation and
simultaneous treatment with the same amount of normal
saline. Group 5 underwent common bile duct ligation without
other manipulation. After three days, liver tissue was harvested for histopathologic analysis and measurements of
apoptosis.
RESULTS: When compared with sham operation, common
bile duct ligation significantly increased hepatocyte
apoptosis (P = 0.008) and ductular proliferation (P = 0.007).
ZVAD-fmk significantly diminished the increased hepatocyte
apoptosis and ductular proliferation after common bile
duct ligation (P = 0.008 and P = 0.007, respectively). ZFA
did not show the same effects.
CONCLUSION: Hepatocyte apoptosis and ductular

proliferation significantly increased after common bile duct
ligation. ZVAD-fmk effectively diminished the increased
hepatocyte apoptosis and ductular proliferation after
common bile duct ligation, whereas ZFA-fmk did not.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Apoptosis; Obstructive jaundice; ZVAD-fmk;
ZFA
Sheen-Chen SM, Ho HT, Chen WJ, Eng HL. Effect of ZVADfmk on hepatocyte apoptosis after bile duct ligation in rat.
World J Gastroenterol 2005; 11(15): 2330-2333

http://www.wjgnet.com/1007-9327/11/2330.asp

INTRODUCTION
Apoptosis is an important process in a wide variety of
biological functions, including normal cell turnover, immune
responses, embryonic development, metamorphosis and
hormone-dependent atrophy, and in chemical-induced cell
death[1-3] . Inappropriate apoptosis is implicated in many
human diseases [4,5]. Cholestasis, an impairment in bile
formation, occurs in many human liver disease[6]. Although
the pathogenic events culminating in cholestasis differ in
each disease, hepatocellular injury is a consistent feature of
cholestasis that causes liver dysfunction, promoting fibrogenesis,
and ultimately leads to liver failure[7].
Retention and accumulation of toxic hydrophobic bile
salts within hepatocyte may cause hepatocyte toxicity by
inducing apoptosis[8-13]. Apoptosis is a pathway of cell death
orchestrated by a family of proteases called caspases[14-17].
Z-Val-Ala-Asp (OMe)-fluoromethyl ketone (ZVAD-fmk) is
a cell-permeable irreversible inhibitor of caspase and recent
data suggest that it might block the processing of many
caspases[3,18-20]. The purpose of our study was to evaluate
the possible effect of ZVAD-fmk on hepatocyte apoptosis
after bile duct ligation in the rat.
MATERIALS AND METHODS
Animal and experimental design
Male Sprague-Dawley rats, weighing 250-300 g, were housed
under controlled temperature, humidity and 12-h dark/light
cycles living in stainless-steel cages and were allowed free
access to water and rat chow before and after operation.
The animals were randomized to five groups of five rats each.
Group 1 underwent common bile duct ligation and
simultaneous treatment with ZVAD-fmk (dissolved in
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dimethylsulfoxide (DMSO), Enzyme Systems Products,
Dublin, CA). The first dose of ZVAD-fmk (0.5 mg) was
injected into the inferior vena cava immediately after bile
duct ligation. Subsequent doses of ZVAD-fmk (0.5 mg twice
daily) were given intraperitoneally on the first and second
postoperative days. The last dose (0.5 mg) was given on the
morning of the third postoperative day.
Group 2 underwent common bile duct ligation and
simultaneous treatment with Z-Phe-Ala-fluoromethyl ketone
(ZFA-fmk, dissolved in DMSO, Enzyme Systems Products).
The first dose of ZFA-fmk (0.5 mg) was injected into the
inferior vena cava immediately after bile duct ligation.
Subsequent doses of ZFA-fmk (0.5 mg twice daily) were
given intraperitoneally on the first and second postoperative
days. The last dose (0.5 mg) was given on the morning of
the third postoperative day.
Group 3 underwent sham operation and simultaneous
treatment with the same amount of DMSO. The first dose
of DMSO was injected into the inferior vena cava immediately
after sham operation. Subsequent doses of DMSO (the
same amount twice daily) were given intraperitoneally on
the first and second postoperative days. The last dose was
given on the morning of the third postoperative day.
Group 4 underwent sham operation and simultaneous
treatment with the same amount of normal saline. The
first dose of normal saline was injected into the inferior
vena cava immediately after sham operation. Subsequent
doses of normal (the same amount twice daily) were given
intraperitoneally on the first and second postoperative days.
The last dose was given on the morning of the third
postoperative day.
Group 5 underwent common bile duct ligation without
other manipulation.
Operative procedures
By using sterile techniques, a mid-line incision was made,
the common bile duct was identified, double ligated with 5-0
silk and divided between the two ligatures[21-26]. In shamoperated animals, the common bile duct was freed from
the surrounding soft tissue without ligation and transection.
The operation was performed by using intraperitoneal
anesthesia induced with ketamine 80 mg/kg plus xylazine
10 mg/kg.
Harvest of tissues
After three days, the animals were anesthetized, and laparotomy
was repeated. Liver tissue was harvested, embedded in optimal cutting temperature compound (Sakura Finetechnical,
Tokyo, Japan) and immediately snap-frozen in liquid nitrogen
for histopathologic analysis and measurements of apoptosis.
TUNEL assay
Hepatocyte apoptosis was quantitated by using the terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) assay. This specific assay
uses terminal deoxynucleotidyl transferase to attach biotinylated deoxyuridine triphosphate to free 3’-OH DNA ends.
All liver tissue specimens about 5 mm in size were fixed in
freshly prepared 4% paraformaldehyde in PBS. The tissue
blocks were embedded in Enclosed Processing System
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(Sakura, Tokyo). Tissue sections (5 µm) were prepared using
a microtome and placed on glass slides. The sections were
deparaffinized in xylene and dehydrated in ethanol. The
sections were incubated with 20 µg/mL proteinase K in
PBS for 20 min at room temperature. After rinsing the
specimen twice with PBS, the sections were processed
following the instruction of a commercial kit (DeadEnd
Colorimetric Apoptosis Detection System, Promega,
Madison, WI). Sections were stained by streptavidinhorseradish peroxidase conjugate, then counterstained with
hematoxylin. The peroxidase-positive cells were identified
morphometrically by brown staining nuclei. The number
of TUNEL-positive cells was counted in 10 random
microscopic fields (400×). Each microscopic field contained
approximately 913±59 hepatocytes.

Histopathology
H&E and trichrome-stained liver specimens from the rats
undergoing bile duct ligation were evaluated by light
microscopy for ductal proliferation[7]. The specimens were
scored by an experienced hepatopathologist. Ductal
proliferation was scored using the following grading system:
0, <10% of portal areas involved; 1, 10-50% of portal
areas involved; 2, >50% of portal areas involved; 3,
circumferential involvement of at least 50% of the portal
area without significant expansion of portal tract; 4,
circumferential involvement of at least 50% of the portal
area with significant expansion of portal tract; 5, same as 4
plus bridging of the portal tracts in <20% of instances;
and 6, same as 4 plus >20% of the portal tracts showing
bridging involvement.
Statistical analysis
All the results were analyzed and given as mean±SD.
Comparisons were made using the Mann-Whitney U test.
Differences with a P value of less than 0.05 were considered
statistically significant.

RESULTS
Tables 1 and 2 and Figures 1 and 2 show the results of
TUNEL-positive cells/field and ductular proliferation
(grade). Compared with sham operation groups, common
bile duct ligation significantly increased hepatocyte apoptosis
(P = 0.008) and ductular proliferation (P = 0.007). After
the administration of ZVAD-fmk, the increased hepatocyte
apoptosis and ductular proliferation after ligation were
significantly diminished (P = 0.008 and P = 0.007

Table 1 TUNEL-positive cells/field
OBZVAD
(n = 5)

OBZFA
(n = 5)

2.40±0.55

9.00±1.58

SDMSO
(n = 5)

SNS
(n = 5)

1.40±0.89

1.40±0.89

OB
(n = 5)
9.60±1.14

OBZVAD: obstructive jaundice with ZVAD. OBZFA: obstructive jaundice with
ZFA. SDMSO: sham operation with DMSO. SNS: sham operation with normal
saline. OB: obstructive jaundice. P = 0.008 (OBZVAD vs OBZFA). P = 0.008
(OBZVAD vs OB). P = 0.522 (OBZFA vs OB ). P = 1.000 (SDMSO vs SNS). P = 0.008
(SDMSO vs OB). P = 0.008 (SNS vs OB).
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OBZVAD
(n = 5)

OBZFA
(n = 5)

SDMSO
(n = 5)

SNS
(n = 5)

1.20±0.45

4.20±1.30

0.20±0.45

0.20±0.45

Ductular proliferation (grade)

Table 2 Ductular proliferation (grade)
OB
(n = 5)
4.40±1.14

OBZVAD: obstructive jaundice with ZVAD. OBZFA: obstructive jaundice with
ZFA. SDMSO: sham operation with DMSO. SNS: sham operation with normal
saline. OB: obstructive jaundice. P = 0.007 (OBZVAD vs OBZFA). P = 0.007
(OBZVAD vs OB). P = 0.746 (OBZFA vs OB). P = 1.000 (SDMSO vs SNS). P = 0.007
(SDMSO vs OB). P = 0.007 (SNS vs OB).
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Figure 2 Ductular proliferation (grade). OBZVAD: obstructive jaundice with
ZVAD. OBZFA: obstructive jaundice with ZFA. SDMSO: sham operation with
DMSO. SNS: sham operation with normal saline. OB: obstructive jaundice.
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Figure 1 The TUNEL-positive cells/field. OBZVAD: obstructive jaundice with
ZVAD. OBZFA: obstructive jaundice with ZFA. SDMSO: sham operation with
DMSO. SNS: sham operation with normal saline. OB: obstructive jaundice.

respectively). Moreover, the administration of ZFA failed
to show the same effects. Hepatocyte apoptosis (P = 0.008)
and ductular proliferation (P = 0.007) significantly differed
between OBZVAD and OBZFA groups.

DISCUSSION
Cholestasis, an impairment in bile formation, occurs in a
wide variety of human liver diseases[26]. Retention and
accumulation of toxic hydrophobic bile salts within hepatocyte may cause hepatocyte toxicity by inducing apoptosis[27-29].
Our study using the bile duct ligation rat as a model of
extrahepatic cholestasis demonstrated that increased
hepatocyte apoptosis (P = 0.008) and ductular proliferation
(P = 0.007) occurred after common bile duct ligation for
three days (Tables 1 and 2 and Figures 1 and 2). Without
proper treatment, hepatocellular injury is an invariant feature
of cholestasis causing liver dysfunction, promoting fibrogenesis,
and ultimately leading to liver failure[7] . Our study was
therefore designed to examine the effect of hepatocyte
apoptosis inhibition with a specific caspase inhibitor after
bile duct ligation.
Apoptotic cell death has been recently shown to have a
central role in many physiologic and pathophysiologic
processes[30-31]. Although the apoptotic cascade is complex
and its regulation is not completely understood, it has become
clear that a family of cysteine endoproteases called caspases
plays a critical role in the execution of apoptotic cell death[32].
ZVAD-fmk is a cell-permeable irreversible inhibitor of
caspase and recent data suggest that it might block the
processing of many caspases[3,18-20]. In this study, ZVADfmk effectively diminished hepatocyte apoptosis and ductular

proliferation after common bile duct ligation, whereas ZFAfmk, a structurally similar molecule with no anticaspase
activity, did not show the same effect (Tables 1 and 2, Figures
1 and 2).
Group 3, which underwent sham operation and simultaneous treatment with the same amount of DMSO, was
included to assess whether DMSO used as a vehicle would
have a toxic effect in vivo and DMSO turned out to be a
safe vehicle in this study.
Despite improvements in operative technique and the
development of potent, broad-spectrum antibiotics, biliary
tract surgery in patients with obstructive jaundice is still
associated with high morbidity and mortality rates[33] . In
conclusion, our results show that the hepatocyte apoptosis
and ductular proliferation were significantly enhanced after
bile duct ligation (obstructive jaundice) and the administration
of ZVAD-fmk could effectively attenuate this phenomenon.
If confirmed in clinical trial, such manipulation may provide
a rational adjuvant strategy for the treatment of patients with
obstructive jaundice and is expected to reduce the incidence
of perioperative mortality and morbidity in obstructive jaundice.
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Abstract
AIM: Intestinal metaplasia (IM) is more often found in
patients with Helicobacter pylori (H pylori) infection, while
eradication of H pylori results in significant reduction in
the severity and activity of chronic gastritis. We aimed to
determine in patients with unsuccessful eradication of
H pylori the role of various proton pump inhibitors (PPIs)
having different mechanisms in the resolution of IM.
METHODS: We confirmed endoscopically and pathohistologically (Sydney classification) the IM in 335 patients
with gastritis before and after medication for eradication
of H pylori (Maastricht Protocol 2002). H pylori infection
was determined by using histology, urease test and
culture. Control endoscopy and histology were done after
30 d and thereafter (within 1 year). Unsuccessful
eradication was considered if only one of the three
tests (histology, urease and culture) was negative after
therapy protocol. We used omeprazole, pantoprazole,
lansoprazole in therapy protocols (in combination with
two antibiotics).
RESULTS: We found no significant difference in resolution
of IM by using different PPI between the groups of eradicated
and noneradicated patients (P<0.4821 and P<0.4388,
respectively).
CONCLUSION: There is no significant difference in resolution of intestinal metaplasia by different proton pump
inhibitors.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Patients with Helicobacter pylori (H pylori) infection have been
found more frequently with intestinal metaplasia (IM) and
atrophic gastritis[1]. Several authors (Asaka et al Ohkusa et al,
and Kokkola et al,) have found that eradication of H pylori
results in significant reduction in the severity and activity
of chronic gastritis[2].
We know about different mechanisms of proton pump
inhibitors (PPIs). Omeprazole and lansoprazole have effects
on Cys 813, and pantoprazole additionally on Cys 822 which
is important for irreversible acid blockade. The influence
on gastric acid secretion is dose dependent, which means
that a higher PPI dose has a stronger acid inhibition[3]. H
pylori eradication was associated with a histologic improvement of gastric mucosa but in uninfected patients no significant
change in inflammation or proliferation occurred during
treatment with lansoprazole[4].
The aim of this study was to determine in patients
with unsuccessful eradication of H pylori the role of
various PPIs having different mechanisms in the resolution
of IM.
MATERIALS AND METHODS
Patients
We followed up 335 patients with gastritis (142 males and
193 females, mean age 51.3 years, between 18 and 83 years).
All patients underwent upper gastrointestinal endoscopy with
pathohistologic examination. We used Olympus Q20 and
Pentax video endoscopy systems.
Methods
Diagnostic procedures We confirmed endoscopically and
pathohistologically (Sydney classification)[5] the IM in patients
with gastritis before and after medication for eradication
of H pylori (Maastricht Protocol 2002)[6]. H pylori infection
was determined by using histology, urease test and culture
in addition to E-test[7-9]. Control endoscopy and histology
were done after 30 d and thereafter (within 1 year).
Unsuccessful eradication was considered if only one of the
three tests (histology, urease and culture) was positive after
therapy protocol.
Therapy We used omeprazole 20 mg bid, pantoprazole
40 mg bid, and lansoprazole 30 mg bid in eradication therapy

Marusic M et al. PPI and intestinal metaplasia in H pylori infection
Table 1 Influence of various PPIs on intestinal metaplasia in
the noneradicated Helicobacter pylori infection patients
Intestinal
metaplasia
Negative
Positive

Omeprazole
(n)

Pantoprazole
(n)

Lansoprazole
(n)

20
16

26
22

14
10

2 = 2.462,  = 3, P = 0.4821.

protocols during 7 d in combination with two antibiotics
(amoxicilin 1 g bid and clarithromycin 500 mg bid), and
thereafter at the same dose but once a day during the next
4 wk[6]. We included 108 patients on omeprazole protocol,
137 patients on pantoprazole protocol and 90 patients on
lansoprazole protocol.

RESULTS
The su ccessfu l eradication of H pylo ri led to the
disappearance of IM in gastric mucosa (208 patients with
negative IM vs 19 patients with positive IM) (2 = 157.36,
 = 1, P<0.001). The unsuccessful eradication of H pylori
also led to the disappearance of IM but it was not statistically
significant (48 with positive IM vs 60 with negative IM;
2 = 1.33,  = 1, P<0.1).
We found no significant difference in resolution of IM
by using different PPI in the group of noneradicated patients
(P<0.4821), as well as in the group of eradicated patients
(P<0.4388) (Tables 1 and 2).
DISCUSSION
The occurrence of IM was influenced by the presence of
H pylori infection[1,2].
H pylori modified cellular processes of the host and led
to inflammation [1,2]. H pylori infection stimulated the
infiltration of neutrophils, lymphocytes, plasma cells and
macrophages in gastric mucosa [10]. There are several
mechanisms by which H pylori infection triggers a host
response (major histocompatibility complex II, translocation
of H pylori CagA protein into human gastric epithelial cells
using type IV secretion which is ATP-ase dependent)[10]. PPI
could influence ATP-ase and glycoprotein[11]. H pylori could
also influence lamina propria and activate underlying cells[10].
They could influence host response to their presence by
regulating prostaglandin production over cyclo-oxgenase-2expression, activating neutrophils and oxidative stress and
mucosal products, and all these processes could result in
apoptosis and cell proliferation suppression[10]. Specific gene
products synthesized by bacteria or host have been implicated

in the inflammatory and IM process (role of cag potency
in IM and gastric cancer development)[10].
The gastritis score increased in patients who had no or
only mild corpus gastritis before treatment and significantly
decreased in those who had moderate or severe gastritis
before treatment[12]. We could find similar results in the study
of Berstad et al[4], with lansoprazole.
Acid secretion decreased dose-dependently in PPI
users[13,14]. Reports on endocrine cell changes in the antral
mucosa under chronic PPI therapy are controversial and
lack clinical relevance[14,15]. Data on the progression of oxintic
gastritis under chronic PPI treatment in comparison to
untreated controls could not be confirmed in more recent
studies including a well-matched control population[14]. The
mechanism of PPI action on acid suppression is different.
All PPIs bind to and act on Cys 813, which is placed near
the curve where TM6 enters the membrane domain.
Lansoprazole binds to Cys 321 on ectoplasmatic end TM3,
but pantoprazole binds to Cys 822 which is placed deeper
in the membrane domain TM6[16]. This can be an explanation
for different and irreversible suppressions of Cys 822 by
pantoprazole. The recovery of proton pump was measured
in rat stomach, and complete recovery of ATP-aze was
detected after medication with omeprazole, esomeprazole
and rabeprazole but 70% recovery was detected. After
medication with pantoprazole no recovery of proton pump
was detected after lansoprazole[16]. We wanted to evaluate
the influence of PPI on IM in patients with similar conditions
(inflammation caused by H pylori). Eradication of H pylori
had no difference on IM disappearance by PPI. We
concluded that there was no difference in PPIs between
such groups of patients. In the group of patients with
unsuccessful eradication of H pylori, presence of H pylori
was constant, and PPI could influence IM, but our results
were negative. The explanation can be that H pylori disturbs
the effect of PPI on IM disappearance in a different way
from the mechanism by which it acts on PPI in gastric cells.
But it is interesting that in the eradicated group (effect of
H pylori on gastric cells excluded) the result was the same.
Further investigations are needed.
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Abstract
AIM: To study the patients with low gradient ascites in
hospitals of Guilan Province (northern Iran).
METHODS: Patients admitted in hospitals of Guilan Province
with low gradient ascites from 1993 to 2000 were enrolled
in the study. Serum and ascitic fluid albumin levels were
determined by biochemical reactions. The serum-ascitic
albumin gradient (SAAG) less than 1.1 g/dL was considered
low. Statistical analysis was performed with SPSS 9.0
software and P<0.05 was considered statistically significant.
RESULTS: Of the 148 patients enrolled in the study, 72
(48.6%) were males and 76 (51.4%) were females with
a mean age of 59.03±13.54 years. Tuberculous peritonitis
was the most frequent cause of low gradient ascites in
68 (45.9%). Other most frequent causes were cancer in
62 (41.9%), nephrotic syndrome in 9 (6%), pancreatitis
in 6 (4%). Peritoneal cancer was found in 22 (35%),
ovarian and gastric cancers were found in 14 (22.5%)
and 12 (19.3%), respectively. All of which were the causes
of ascites. The mean SAAG was 0.68±0.19 g/dL. The
mean serum and ascitic fluid albumin concentrations were
higher in tuberculous patients (P<0.006), but lactate
dehydrogenase (LDH) level was higher in cancer patients
(P<0.0001). In peritoneal tuberculosis, mean ascitic
glucose concentration was significantly lower than other
patients (P<0.0001).
CONCLUSION: Tuberculosis should be considered in all
patients with low gradient ascites especially in developing
countries (like Iran), as the first cause of ascites. In the
approach to patients with low gradient ascites, ascitic
fluid glucose, and LDH level are useful indicators for
decision making.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pathologic accumulation of fluid in the peritoneal cavity
(ascites) is an important clinical finding and its appropriate
treatment depends on correct diagnosis, which can be made
by diagnostic abdominal paracentesis, a simple and safe
procedure, which can be done at bedside or in the office[1,2 ].
Serum ascites albumin gradient (SAAG), cell count, bacterial culture, pH, glucose, lactate dehydrogenase (LDH) and
amylase are useful in the differential diagnosis of ascites[3,5].
Different diseases can cause different types of ascites.
Some of the known low gradient ascites include tuberculous
peritonitis-induced ascites, malignancy-induced ascites (for
instance, peritoneal carcinomatosis, gastric and ovarian
cancer metastases), pancreatic ascites, renal ascites, biliary
ascites, bacterial peritonitis and serositis-induced ascites. On
the other hand, high gradient ascites are uncomplicated
cirrhosis-induced ascites, heart-failure-induced ascites, those
induced by extensive liver metastases and other circumstances
such as fulminant hepatic failure[4-7].
Like wise, the measurement of SAAG is helpful in the
determin-ation of response to treatment of all types of
ascites[8].
In the present study, we determined the relative frequency
of low gradient ascites in a 7-year period in Guilan Province,
northern Iran.
MATERIALS AND METHODS
This survey was done according to the data obtained from
the records of admitted patients with primary diagnosis of
ascites, from 1993 to 2000 in hospitals of Guilan Province.
Serum and ascitic fluid samples were taken for determination
of the levels of albumin (blue bromocresol procedure),
LDH (LDH specific kits) and glucose (biochemical assays)[9].
In this study, SAAG less than 1.1 g/dL was considered
as low gradient ascites[4,6].
Cytological study of ascites and peritoneal biopsy (blind
peritoneal biopsy, biopsy with laparoscopy or laparotomy)
were used for the diagnosis.
Malignancy-induced ascites included those caused by
peritoneal carcinomatosis with unknown origin, ovarian
cancer, extensive liver metastases, hepatocellular carcinoma
(HCC), lymphoma and gastric cancer[10].
The diagnosis of TB peritonitis required mycobacterial
growth in the ascitic fluid culture or the presence of
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Table 1 Comparison of causes of low gradient ascites in age
groups
Causes
Age (yr) group

TB

Malignancy

Other causes

Total

Frequency % Frequency % Frequency % Frequency %
35-45
46-55
56-65
>65
Total

3
11
21
33
68

11.1
38
51.3
64.7
45.9

13
13
19
17
62

48.2
44.8
46.3
33.3
41.9

11
5
1
1
18

40.7
17.2
2.4
2
12.2

27
29
41
51
148

100
100
100
100
100
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Table 3 Comparison of the concentration of serum albumin
(Alb), ascites Alb, SAAG, ascites, lactate dehydrogenase (LDH)
and glucose in TB patients and cancer patients (mean±SD)
Disease
Parameter

TB

Malignancies

Differences

Serum Alb.

4.2±0.49

3.9±0.70

P<0.005

Ascitic Alb.
SAAG

3.5±0.47
0.68±0.17

3.30±0.50
0.69±0.22

P<0.006
Not significant

Ascitic LDH

327±113

Ascitic glucose

71±13.82

409±106
101.4±17.2

P<0.0001
P<0.001

P<0.0001, 2 = 39.3.

granuloma in the biopsy specimen of peritoneum, which
was confirmed by laparoscopy[11]. The diagnosis of pancreatic
ascites was based on clinical manifestations and at least more
than twice the rise of ascitic fluid amylase in proportion to
its normal serum level. The diagnosis of renal or nephrotic
syndrome ascites was suspected when the patient developed
ascites in the presence of nephrotic syndrome (it means
urine protein excretion rate more than 3.5 g/1.73 m2 per
24 h). Connective tissue diseases were considered as a cause
of ascites when ascites developed in a known case of connective
tissue diseases such as systemic lupus erythematous, scleroderma, rheumatoid arthritis without other causes[4,5].
Data were analyzed with SPSS 9.0 using Friedman’s test,
Student’s t test and 2 test.

RESULTS
One hundred and forty-eight patients with low gradient
ascites admitted into hospitals of Guilan Province from
1993 to 2000 were enrolled in the study. There were 72
(48.6%) males and 76 (51.4%) females with a mean age of
56.03±13.54 years.
Tuberculous peritonitis was the most frequent cause of
low gradient ascites in 68 (45.9%). Other frequent causes
were cancer in 62 (41.9%), nephrotic syndrome in 9 (6%),
pancreatitis in 6 (4%), serositis in 2 (1.3%) and spontaneous
bacterial peritonitis (SBP) in 1 (0.7%).
Peritoneal cancer was found in 22 (35%), ovarian and
gastric cancers were found in 14 (22.5%) and 12 (19.3%)
respectively followed by lymphoma in 8 (12%) and HCC in
6 (10.2%), all of which were the causes of ascites.
Tables 1 and 2 show the frequency of low gradient ascites
according to age group and sex.
Age groups had significant differences (2 = 39.3,
P<0.0001), but type of low gradient ascites did not show
any significant difference between male and female groups.
The mean SAAG was 0.68±0.19 g/dL. The mean serum
albumin concentration was 3.94±0.76 g/dL and that of
ascitic fluid was 3.28±0.68 g/dL. The mean serum and
Table 2 Comparison of causes of low gradient ascites in
sex groups
Causes
Sex

TB
Frequency %

Malignancy

Other causes

Total

Frequency %

Frequency %

Frequency %

Male

36

50

28

38.9

8

11.1

72

100

Female
Total

32
68

42.1
45.9

34
62

44.7
41.9

10
18

13.2
12.2

76
148

100
100

ascitic albumin, LDH and glucose were compared between
TB and cancer patients, all differences were significant
(P<0.006). The mean SAAG did not differ significantly
between cancer and TB patients (Table 3).
Moreover, the mean ascitic glucose concentration in TB
patients was the lowest in comparison to all other causes of
low gradient ascites and the differences were statistically
significant (P<0.001).
When patients were divided into two groups according
to their LDH concentration, the relative frequency of cancer
group with LDH >250 u/mL was significantly higher than
that of TB group (P<0.0001).

DISCUSSION
In the present study, the causes of low gradient ascites were
found as follows: TB peritonitis, peritoneal carcinomatosis
and other malignancies, nephrotic syndrome, pancreatitis,
serositis, and SBP.
In a study by Runyon in 1991[3], low gradient ascites include
malignancy-induced ascites (peritoneal carcinomatosis), TB
peritonitis-induced ascites, pancreatic ascites, biliary ascites,
nephrotic ascites, ascites induced by serositis, and intestinal
obstruction or infarction.
In contrast, TB was the most frequent cause in our
study. Since it is a treatable infectious disease and has a
good prognosis, TB should always be considered as the
first diagnosis in patients with low gradient ascites. In a
survey in United States, 11 of 20 patients with liver cirrhosis
died of TB peritonitis, without any suspicion to TB before
death[12].
Peritoneal cancer was most frequently found, usually
without any evidence of its origin. Prognosis of different
cancer-induced ascites was also different. For example, the
survival of patients with ovarian cancer was 1-2 years,
whereas with gastric cancer, the life span of patients usually
was no more than 4 mo[10-13].
In this study, the mean serum and ascitic fluid albumin
concentrations were significantly higher in TB patients than
in cancer patients.
Ascitic fluid LDH level in cancer patients was higher
than that in TB patients, but glucose level was lower in
ascitic fluid of TB patients. As reported in the literatures[8,14]
measuring LDH and glucose in ascitic fluid would help in
the differential diagnosis of low gradient ascites.
The mean SAAG was not significantly different between
TB and cancer patients with low gradient ascites, indicating
that although SAAG has a good diagnostic value in
differential diagnosis of ascites, it does not give much help

Mansour-Ghanaei F et al. A course review of low gradient ascites

in the differentiation of various types of low gradient ascites.
In spite of the moderate prevalence of tuberculosis in
Iran[15], more than 45% of low gradient ascites were caused
by TB peritonitis followed by cancers. Therefore, we
recommend that whenever the diagnosis in low gradient
ascites is established by measuring SAAG, LDH and glucose
level of ascitic fluid should also be measured as an adjunct
for diagnostic approach. Low LDH (<250 u/mL) and
glucose levels indicate TB, while high LDH and glucose
levels suggest cancer as the major cause.
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Abstract
AIM: Oxygen free radical mediated tissue damage is well
established in pathogenesis of acute pancreatitis (AP).
Whether nitric oxide (NO) plays a deleterious or a
protective role is unknown. In alcohol-induced AP, we
studied NO, lipooxidative damage and glutathione in
pancreas, lung and circulation.
METHODS: AP was induced in rats (n = 25) by injection
of ethyl alcohol into the common biliary duct. A sham
laparatomy was performed in controls (n = 15). After
24 h the animals were killed, blood and tissue sampling
were done.
RESULTS: Histopathologic evidence confirmed the
development of AP. Marked changes were observed in
the pulmonary tissue. Compared with controls, the AP
group displayed higher values for NO metabolites in
pancreas and lungs, and thiobarbituric acid reactive
substances in circulation. Glutathione was lower in pancreas
and in circulation. Glutathione and NO were positively
correlated in pancreas and lungs of controls but negatively
correlated in circulation of experimental group. In the
experimental group, plasma thiobarbituric acid reactive
substances were negatively correlated with pancreas
thiobarbituric acid reactive substances but positively
correlated with pancreas NO.
CONCLUSION: NO increases in both pancreas and lungs
in AP and NO contributes to the pathogenesis of AP under
oxidative stress.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The etiological basis of acute pancreatitis (AP) is multifactorial.
However, as in other inflammatory diseases, a final common
pathway mediated by reactive oxygen species (ROS)
appears to play a role in the associated tissue destruction
both in the initiation and progression of AP[1-4]. Augmented
production of ROS in a self-perpetuating manner, in excess
of antioxidant defenses, occurs predominantly in activated
neutrophils. Once produced, ROS could trigger various
inflammatory processes. They can directly attack the lipoid
matrix of biological membranes, stimulate arachidonic acid
metabolism with increased production of prostaglandins,
thromboxane, and leukotrienes, thereby enhancing the
accumulation and adherence of neutrophils and platelets
to the capillary wall [3]. Thus ROS could impair the
microcirculation and disturb the microvascular integrity,
resulting in decreased perfusion, increased capillary
permeability and fluid transudation. Neutrophils infiltrating
the pancreas have also been very recently demonstrated to
contribute, via ROS, to the pathologic activation of digestive
enzymes in acinar cells[1].
Nitric oxide (NO) has also been implicated in the
pathogenesis of AP. NO, being a reactive free radical,
contributes to the cytotoxicity of neutrophils and
macrophages in the inflammatory response. Moreover,
under circumstances of oxidative stress, the interaction
of NO with superoxide radicals gives rise to peroxynitrite
which can cause platelet aggregation, disseminated
intravascular coagulation, lipid peroxidation and ubiquitous
cell damage[5,6]. On the other hand, NO induces vasodilatation
and prevents endothelial damage by inhibiting platelet
aggregation and leukocyte adherence. Due to improvement
in both pancreatic microcirculation and capillary organ
perfusion throughout the body, NO has also been suggested
to have a protective role in AP[7-9]. Thus the role of NO in
the pathogenesis of AP remains controversial. Accordingly
both inhibitors of NOS and NO donors are suggested to
be protective in AP[7–11].
AP is known to be often complicated by multiple organ
failure. In particular, acute lung injury occurs at an early
stage of pancreatitis and significantly contributes to
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morbidity and mortality of this disease[12,13]. The etiology
of this extrapancreatic disease has not yet been clearly
elucidated. The injury in lung and the resulting adult
respiratory distress syndrome have been attributed to the
release of pancreas-derived proteolytic enzymes into the
circulation[14]. There is also evidence of neutrophil related,
ROS-mediated microvascular injury. The release of ROS
from activated alveolar macrophages (AMs) has also been shown
to lead to the progression of lung injury[15] . AM-derived
NO was also reported to contribute to lung injury[16].
As alcoholism is the most common etiology in humans
and the mechanism of injury remains unknown, we focused
our attention on alcohol-induced AP. Only a few studies
have been noted on alcohol-induced AP and in most of
these, alcohol has not been used alone but in combination
with another agent[17-19]. With regard to alcohol usage, an
emerging concept is that a single episode of binge drinking
may be sufficient to induce an episode of AP[20]. However,
the previous dogma was that consistent ingestion of alcohol
for a prolonged period was required to prime the pancreas
before an episode of pancreatitis.
Thus in this experimental study we aimed to induce AP
with a single high dose of alcohol and to assess NO
production (stable metabolites of NO, nitrite plus nitrate;
NOx)[21] and oxidative stress as reflected by lipid peroxidation
and glutathione depletion in the pancreas, lungs and systemic
circulation as far as our literature survey was concerned. In
an alcohol-induced AP model these assessments were
simultaneously made for the first time.

MATERIALS AND METHODS
Animal treatment
The study was carried out on 40 young adult male (200-320 g)
Wistar Albino rats. The rats, cared for in accordance with
the Guide for the Care and Use of Laboratory Animals[22],
were permitted ad libitum access to standard laboratory
chow (20-30 g/rat/d) and tap water for 10 d prior to
experimental procedures.
The rats were divided randomly into two groups. The
experimental group consisted of 25 rats and control group
of 15 rats. Animals were anesthetized with ether to undergo
a midline laparotomy and the duodenal portion of the
pancreas was exposed. AP was induced by injection of
ethyl alcohol (48%, 1 mL) into the common biliary duct.
A sham laparotomy was performed in the control group.
After 24 h, heparinized blood samples were taken with
intracardiac puncture and rats were killed by decapitation
under ether anesthesia. Lung and pancreatic tissues were
obtained peroperatively and immediately frozen at -80 ℃
for biochemical measurements and fixed in 10% buffered
formalin, embedded in paraffin for standard histologic
examinations.
Thiobarbituric acid-reactive substances (TBARS),
glutathione (GSH) and NO metabolites were measured in
the blood and tissue samples. Tissues prepared in cold
potassium phosphate buffer 100 g/L were homogenized using
a Potter homogenizer. The homogenates were centrifuged
at 3 000 r/min for 15 min and the supernatant was used
for the biochemical measurements.
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Measurement of lipid peroxidation
Lipid peroxidation was determined by measuring the TBARS
by the modified method of Buege et al[23] in the plasma and
by the method of Okhawa et al [24] in tissue using 1.
56×105 mol/L/cm as molar extinction coefficient. TBARS
concentration in the supernatant of the tissue homogenates
was expressed as µmol/g protein.
Measurement of GSH
GSH concentration in erythrocytes and supernatants of
the tissue homogenates was determined according to the
method of Buetler et al [25] using metaphosphoric acid for
protein precipitation and 5’5’-dithiobis-2-nitrobenzoic acid
for color development. Erythrocyte GSH concentration was
expressed as mg/g Hb using 1.36×104 mol/L/cm as molar
absorption coefficient. Hemoglobin concentration was
determined by the cyanomethemoglobin method[26]. GSH
concentration in supernatants of the tissue homogenates
was expressed as mg/g protein.
Measurement of nitric oxide metabolites (NOx)
The stable metabolites of NO, nitrate (NO3–) and nitrite
(NO2–) were measured as an index of NO production. NO
colorimetric assay kit (Roche-Boehringer Mannheim) was
used. Nitrate was first reduced to nitrite by NADPH in
presence of nitrate reductase. Nitrite was reacted with
sulfanilamide and naphthyl-ethylenediamine dihydrochloride
to give a red-diazo dye. The diazo dye was measured
spectrophotometrically at 550 nm. The concentration of
NO metabolites was determined by comparison with a
standard curve, which was constructed using a set of serial
dilutions of nitrate.
Protein concentration was determined according to the
method of Lowry (Sigma-Aldrich, Germany).
Histology
For histologic examination, the samples were cut into 4-m
thick sections and stained with hematoxylin and eosin.
All slides were evaluated ‘’blindly’’ by two independent
histopathologists for the presence of edema, hyperemia,
infiltration by inflammatory cells, hemorrhage and necrosis.
Statistical analysis
All data were presented as mean±SD. Student’s t test was
performed to evaluate significant differences between the
groups. Correlation between different variables was studied
by Pearson’s correlation coefficient. P<0.05 was considered
statistically significant.

RESULTS
Histopathologic study of the pancreas in the experimental
group showed hyperemia, interstitial edema, hemorrhage,
inflammatory infiltration of neutrophils and mononuclear
cells and focal necrotic areas. Marked changes were also
observed in pulmonary histology, with hyperemia and focal
atelectasic areas, peribronchial mononuclear and neutrophilic
infiltration, early neutrophilic exudation in some alveoli. Some
of the cases revealed abscess formation in lung parenchyma.
These findings were considered as the evidence of an
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Table 1 Histopathologic lesions observed in pancreas and lung
Pancreas
Edema

Control
AP

Hemorrhage

Hyperemia

Lung
Necrosis

PMN
infiltration

PMN and
lymphocytic
infiltration

Alveolar
neutrophilic
exudation

Hyperemia

Focal
atelectasia

+/–

–

+

–

–

–

–

+/–

–

+

+

+

++

+

+

+

+

+

The semiquantitative evaluation scale was the mean of the lesions observed in each group evaluated by independent observers: -, no lesion; +/-, minimal lesion; +, mild
lesion; ++, moderate lesion; +++, intense lesion. AP: acute pancreatitis.

established AP. They were summarized as semiquantitatively
analyzed results in control and AP group (Table 1).
TBARS concentration in the systemic circulation was
observed to be higher in the experimental group in
comparison to the control (8.992±3.52 vs 6.208±0.95,
P<0.05). However no significant differences were noted
between the groups in pancreas or in lung (Figure 1).
GSH concentration was observed to be significantly
lower in the pancreas (2.978±1.52 vs 5.375±1.38, P<0.001)
and erythrocytes (1.576±0.44 vs 1.947±0.27, P<0.05) in
the experimental group compared with the control group.
No significant difference was noted in GSH concentration
in the lung (Figure 2).
NOx were observed to be higher in both the pancreas
(4.079±0.78 vs 3.080±0.37, P<0.01) and in the lung
(1.809±0.89 vs 1.023±0.55, P<0.05) in the experimental
group compared with the control group. No significant
difference was noted in the circulation (Figure 3).
The data evaluated by correlation analysis yielded the
following results (Table 2). In the control group, GSH and
NO were positively correlated both in the pancreas and in
the lung (r = 0.757, P<0.001; r = 0.533, P<0.05, respectively).
In the experimental group, GSH and NOx were negatively
correlated in the circulation (r = -0.426, P<0.05). GSH and

TBARS were positively correlated in the pancreas (r = 0.462,
P<0.05). Plasma TBARS was negatively correlated with
pancreas TBARS (r = -0.402, P<0.05) but positively correlated
with pancreas NO (r = 0.654, P<0.01). Pancreas TBARS was
positively correlated with lung TBARS (r = 0.650, P<0.01).

DISCUSSION
The pathophysiology of alcohol-related AP is not well
understood. The loss in pancreatic duct integrity and/or
changes in duct permeability are responsible for the initiation.
Elevated intraductal pressure due to increased secretion
and/or the sphincter of Oddi spasm and the presence of
alcohol are considered necessary for the production of
permeable ducts[17,27].
As in experimental animals not adapted to chronic alcohol
ingestion ethanol given orally or intravenously had only a
weak stimulatory effect on the pancreas[27], we administered
alcohol to the common bile duct. Our histopathologic
examination showed interstitial edema, infiltration of
neutrophils and focal necrotic and hemorrhagic areas in
the pancreas 24 h after the administration of alcohol. We
considered these findings as lines of evidence of mildmoderate, edematous pancreatitis. Marked changes were
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Figure 1 Extent of lipooxidative damage assessed as TBARS in plasma, lung
and pancreas in experimental groups. aP<0.05 vs control. AP: acute pancreatitis.
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Figure 2 GSH levels in plasma, lung and pancreas in experimental groups.
a
P<0.05 vs control, bP<0.001 vs control. AP: acute pancreatitis.
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Table 2 Correlation between studied parameters in control
and experimental groups

Plasma
80

Control group (n = 15)

70
60
mol/L
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AP group (n = 25)

GSHpanc–NOxpanc

r = 0.757 d

50

GSHlung–NOxlung

r = 0.533a

40

GSHplasma–NOxplasma

r = –0.426a

30

GSHpanc–TBARSpanc

r = 0.462a

20

TBARSplasma–TBARSpanc

r = –0.402a

10

TBARSplasma–NOxpanc

r = –0.654b

TBARSpanc–TBARSlung

r = 0.650b

0
Tissues

6

b

5
mol/g prot.

Control
AP

4
a

3
2
1
0
Lung

AP: acute pancreatitis, NOx: nitrite plus nitrate. aP<0.05, bP<0.01, dP<0.001.

Pancreas

Figure 3 NOx levels in plasma, lung and pancreas in experimental groups.
NO x: nitrite plus nitrate, AP: acute pancreatitis. aP<0.05 vs control, bP<0.01 vs
control.

also observed in pulmonary tissue with hyperemia, focal
atelectasia, peribronchial mononuclear and neutrophilic
infiltration and alveolar neutrophilic exudation resulting in
abscess formation in some of the rats with pancreatitis.
High dose of ethanol is known to affect the lipids of
cellular membranes and to cause alterations in membranes,
permeability and functioning of the integral membrane
components[18]. The loss in lysosomal membrane integrity
within acinar cells and decompartmentalization of cathepsin
B results in pathologic activation of trypsinogen,
chymotrypsinogen, proelastase and thus autodigestion of
pancreas. Additionally, ethanol affects the antiproteinase
components and disturbs the proteinase-antiproteinase
balance in pancreatic juice, enabling more effective
activation of proteolytic enzymes. Trypsin induced activation
of the complement system could contribute to inflammatory
interstitial infiltration, parenchymal necrosis, and
vacuolization of acinar cells. Activation of proelastase could
contribute to damage in microvasculature[19]. There is also
growing evidence that ethanol exerts direct toxic effects on
pancreatic acinar cells. Certain toxic effects of ethanol have
been attributed to both oxidative and nonoxidative
metabolites of alcohol, acetaldehyde and fatty acid ethyl
ester, respectively[18,28].
As to the pathogenesis of lung injury secondary to AP,
it is complex and probably involves pancreatic proteases,
phospholipase A 2, activated complements, AMs and
neutrophils[16,29] . Ethanol could specifically amplify the
effect of phospholipase A 2 which damages pulmonary
surfactants, induces AMs to release NO and promotes PAF
or eicosanoid production[19].
ROS have been implicated as an important factor in
both the initiation and progression of AP in all experimental
models. Augmented ROS production could cause lipid

peroxidation which induces either apoptosis or necrosis
depending on its extent. It has been shown that a shortterm, high peak radical attack is more injurious to pancreatic
acinar cells than a long lasting, low-level ROS generating
system[10]. In our study, under the conditions of neutrophilic
infiltration and necrosis in the pancreas, respiratory burst
of polymorphonuclear leukocytes, derangement in
oxidative phosphorylation, activations of NADPH oxidase,
myeloperoxidase, xanthine oxidase and ethanol-catabolizing
oxidases all contributed to augmented ROS production[3,30].
The increased TBARS and the decreased GSH that we
observed in the circulation of rats 24 h after establishment
of alcohol-induced AP reflected oxidative stress on whole
body basis. As sham-operated animals served as controls
these findings did not reflect laparotomy or bowel-manipulation
induced alterations.
Despite an increase of lipid peroxidation in the
circulation, we could not demonstrate any increase of lipid
peroxidation in tissue samples. The negative correlation of
TBARS in pancreatic tissue, with TBARS in circulation
suggested the release of lipooxidative damage end-products
from the tissue to the circulation. This release might well be
due to the autodigestion in the pancreatic tissue. On the
other hand, it is also known that injury to the pancreatic
tissue during AP was followed by a spontaneous reparative/
regenerative process. Accordingly, in several experimental
studies, lipid peroxidation, observed to be increased as early
as 30 min after induction of pancreatitis was normalized
within 12 h[10,31]. Thus, in this respect, lipid peroxidation
may perhaps be considered as the sequel of pancreatic
inflammation and TBARS in circulation may likely reflect
the severity of the systemic inflammatory response, rather
than the pancreatic parenchymal damage. Accordingly
various reactive aldehydes reflected by TBARS are rather
long lived and therefore can diffuse from their site of origin
and attack distant targets with some oxidative stress associated
pathophysiologic effects. Interestingly we observed that the
extent of lipooxidative damage in the lung was correlated
with that in the pancreas.
Consumption of GSH as an antioxidant in inflammation
and/or its cleavage by the activated carboxypeptidase might
account for GSH depletion that we observed in rats with
AP. GSH depletion might in turn cause damage to the
mitochondria resulting in both ATP loss and increased
ROS formation[32,33]. Additionally and importantly, GSH
has also roles in acinar stimulus-secretion coupling,
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maintenance of the cytoskeleton and appropriate protein
folding in the endoplasmic reticulum. Thus GSH depletion
may also contribute to impaired zymogen granule transport
(secretory block) and premature activation of pancreatic
proenzymes[34].
Increased lipid peroxidation and depletion of intracellular
GSH in pancreatic tissue in alcohol-induced AP have been
reported[17,35,36]. However, it was difficult to compare these
data due to the differences in the experimental models and
the varying time points of measurements.
Our findings of positively correlated GSH and TBARS
in the pancreatic tissues of rats with AP may suggest that
depletion of GSH and removal of lipid peroxides occur
simultaneously. It may as well be suggested that these are
different aspects of the same autodigestive process. As
discussed above, lipid peroxide removal might be due to
two opposing processes, the detrimental autodigestion
and the repair. However, GSH depletion irrespective of
the mechanism, represents cellular deterioration and
progression of the pathologic process. Relative to earlier
repair in the lipoid matrix, long lasting GSH depletion has
been reported[10] .
In the AP group we observed increased NO production
in both of the involved organs, pancreas and lung in
comparison to the control. Under prevailing conditions of
inflammation and oxidative stress NO became damaging
to the tissue, specifically to the endothelium. Specific
immunohistochemical staining revealed that the lung and
pancreas were important targets of oxidative stress caused
by peroxynitrite in AP. The subsequent loss of NO bioactivity
further contributed to the endothelial dysfunction [5].
Accordingly, we observed that increased NO production in
pancreas was correlated with increased circulatory lipid
peroxides in alcohol-induced AP group. The negative
correlation of NO and GSH in the circulation of this group
suggested that increased NO production was related with
GSH depletion in alcohol-induced AP. In accordance to
our findings, NO has been reported to compromise the
cellular redox state via oxidation of thiols like GSH[10]. In
contrast to the AP group, we observed a positive correlation
between GSH and NO in both the pancreas and lung in the
control group. NO appeared to play an antioxidant role in
control rats whereas as a pro-oxidant in alcohol-induced
AP rats. These findings clearly indicate that whether NO
behaves as an antioxidant or as a pro-oxidant is dependent
on the prevailing conditions of oxidative stress[10].
Studies were not in consensus as to whether NO was
cytotoxic or cytoprotective in AP[7-11]. Our findings and those
reported are in accordance with the well established dual
nature of NO. It may act both as a cytotoxic agent and a
cytoprotective agent, the main determinants being its
concentration and the environment. The action of NO
during inflammatory reactions has to be also considered in
the context of timing Kröncke et al[37].
In conclusion, this experimental study provides
biochemical evidence for the cytotoxic role of NO under
circumstances of oxidative stress in the pathophysiology
of alcohol-induced pancreatitis. Further studies investigating
whether modulation of oxidative stress by antioxidant
therapy attenuates the cytotoxicity of NO are needed.
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Abstract
AIM: To evaluate the effects of ursodeoxycholic acid (UDCA)
and/or low-calorie diet (LCD) on a rat model of nonalcoholic
steatohepatitis (NASH).
METHODS: Fifty-five Sprague-Dawley rats were divided
into five groups. The control group (n = 9) was fed with
standard rat diet for 12 wk, NASH group (n = 10) was fed
with high-fat diet consisted of normal diet, 10% lard oil
and 2% cholesterol for 12 wk, UDCA group (n = 10) was
fed with high-fat diet supplemented with UDCA at a dose
of 25 mg/(kg·d) in drinking water for 12 wk, LCD group
(n = 10) was fed with high-fat diet for 10 wk and then
LCD for 2 wk, and UDCA+LCD group (n = 15) was fed with
high-fat diet for 10 wk, followed by LCD+UDCA for 2 wk. At
the end of the experiment, body weight, serum biochemical
index, and hepatopathologic changes were examined.
RESULTS: Compared with the control group, rats in the
NASH group had significantly increased body weight, liver
weight, and serum lipid and aminotransferase levels. All
rats in the NASH group developed steatohepatitis, as
determined by their liver histology. Compared with the
NASH group, there were no significant changes in body
weight, liver weight, blood biochemical index, the degree
of hepatic steatosis, and histological activity index (HAI)
score in the UDCA group; however, body and liver weights
were significantly decreased, and the degree of steatosis
was markedly improved in rats of both the LCD group and
the UDCA+LCD group, but significant improvement with
regard to serum lipid variables and hepatic inflammatory
changes were seen only in rats of the UDCA+LCD group,
and not in the LCD group.
CONCLUSION: LCD might play a role in the treatment of
obesity and hepatic steatosis in rats, but it exerts no significant
effect on both serum lipid disorders and hepatic inflammatory

INTRODUCTION
Nonalcoholic steatohepatitis (NASH) is a hepatic disorder
with histologic features of alcoholic hepatitis, occurring in
individuals who do not consume significant amount of
alcohol. In spite of the high prevalence of hepatic steatosis
and of the potential of NASH to progress to fibrosis and
cirrhosis, no effective specific treatment is available[1-7] .
Management of this condition today is empirical. In NASH
patients with comorbid obesity, weight reduction is
recommended, chiefly by means of a low-calorie diet (LCD).
An inappropriate diet, however, may lead to metabolic
disorders, and may even promote portal inflammation,
fibrosis, bile stasis or focal necrosis[8-13]. Ursodeoxycholic
acid (UDCA) has cytoprotective, anti-apoptotic, membrane
stabilizing, anti-oxidant and immunomodulative effects[14].
So UDCA has been recommended in the treatment of NASH
and in the prevention of cholelithiasis during weight reduction.
Clinical trials of UDCA in NASH therapy, however, have
yielded ambiguous results[12-14].
In the present study we determined the effects of UDCA
and/or LCD administration on NASH in rats chronically
fed with high-fat diet.
MATERIALS AND METHODS
Reagents
Cholesterol was purchased from the Department of
Reagents, Huamei Drug Store (Shanghai, China). Lard oil
was prepared in our laboratory. UDCA powder (99.9%
purity) was kindly provided by the Shanghai 1 st Chinese
Herb Phar maceutical Company (Shanghai). Alanine
aminotransferase (ALT) and aspartic aminotransferase
(AST) assay kits were purchased from Sheneng Company
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(Shanghai). Assay kits for free fatty acids (FFA), triglycerides
(TG) and total cholesterol (TCH) were from Zhicheng
Company (Shanghai), while assay kits for albumin (A) and
total proteins (TP) were from the Shanghai Institution of
Bio-products (Shanghai). Rabbit polyclonal anti-human
lysozyme antibody was purchased from Shanghai Biogenex
Company, and mouse anti-human -smooth muscle actin
(-SMA) was from Dako (Carpinteria, CA). The second
antibody for immunochemical assays was from the American
Antibody Company (Greenwich, CT).
Animal diet and experimental protocol
All protocols for animal experimentation and maintenance
were approved by the Animal Ethics Committee in our
university and conformed to the highest international
standards of humane care.
Fifty-five male Sprague-Dawley rats weighing 140-160 g
were obtained from the Shanghai Experimental Animal Center
(Shanghai, China). After being fed with standard rat chow
for one week, Sprague-Dawley rats were randomly divided
into five groups. Control rats (n = 9) were fed with standard
rat diet for 12 wk. Rats of NASH group (n = 10) were fed
with high-fat diet (i.e., standard diet supplemented with 10%
lard oil and 2% cholesterol) for 12 wk. Animals in the UDCA
group (n = 10) were fed with high-fat diet supplemented
with UDCA (25 mg/(kg·d) in drinking water) for 12 wk.
Rats in the LCD group (n = 10) were fed with high-fat diet
for 10 wk and then fed with LCD (70 kcal/(kg·d)) accounting
for 1/3 of the daily needs of a healthy rat of that age for
2 wk. Rats in the UDCA+LCD group (n = 15) were fed
with high-fat diet for 10 wk and then fed with LCD+UDCA
(25 mg/(kg·d)) for 2 wk. Animals were maintained in
separate cages and provided with unrestricted amounts of
food and water. The cages were kept in temperature-and
humidity-controlled rooms, which were maintained on a
12-h light/dark cycle.
The animals were weighed on d 0, 10 th wk of the
experiment and one day before killing. All rats were killed
at the end of wk 12, except for one of the rats in the NASH
group, which was killed at the end of wk 10 for the
demonstration of hepatopathologic changes. At the time
of killing the rats were free from food at least 12 h, blood
was obtained by aorta abdominalis puncture, and the resulting
serum was stored at -20 ℃ until analysis. Meanwhile, liver
sample was rapidly excised and weighed, tissue samples were
snap frozen and stored at -70 ℃ until analysis, or were
fixed in 4% buffered formaldehyde solution until use.
Blood biochemical analyses
Serum ALT, AST, A, TP, TG, TCH, and FFA were assayed
biochemically using an Olympus AU1000 and automated
procedures.
Histologic studies
Hepatic sections were stained with hematoxylin and eosin
(H&E) for routine histology or with VG carbazotic acid
for detection of fibrosis. Ultramicrotomy was performed
for transmission electron microscopy (JEM-1200EX, Japan).
Hepatocytes associated with fat infiltration into the lobules
were counted in H&E stained sections.
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The severity of steatosis was graded on the basis of the
extent of involved parenchyma. Samples scored as+were
those in which fewer than 33% of the hepatocytes were
affected; samples scored as ++ were those in which 33-66%
of the hepatocytes were affected; samples scored as +++
were those in which more than 66% of the hepatocytes
were affected; and samples scored as -- were those in which
no hepatocytes were affected[15-17]. Modified Knodell histological activity index (HAI) was used to determine hepatic
necroinflammatory activity scored by the severity of portal
inflammation (P), intralobular inflammation (L), piecemeal
necrosis (PN) and bridging necrosis (BN). The score from
1 to 4 was in accordance with the severity of lesions and
the total score was calculated as P+L+2(PN+BN). The
number of Kupffer cells and activated hepatic stellate cells
was determined immunochemically using lysozyme and SMA antibody respectively. All samples were evaluated
blindly by the same pathologist.
Statistics
Data were expressed as mean±SD unless otherwise specified.
The Student’s t test was used to analyze individual differences.
Rank samples were analyzed by the Rank-sum test. Rate
comparison was analyzed by the U test. A value of P<0.05
was considered to be statistically significant.

RESULTS
General information
During the experimental period, the body weight of rats
fed on high-fat diet increased quickly. By the end of the
10th wk, the body weight of high-fat fed rats was significantly
higher than the controls. At the same time, we randomly
harvested one of the high-fat fed rats for hepatopathological
examination, which showed liver steatosis with mild nonspecific intralobular inflammation. Biochemical analyses indicated
that serum TCH, FFA, ALT, and AST levels in this rat were
higher than normal. Rats in the LCD and LCD+UDCA
groups were fretful, inflammable, and bellicose, and their
weight stopped increasing. No animal died during the
experimental period.
Changes in body and liver weight
At the end of the 12-wk experimental period, the rats in
the NASH group were 20% heavier than those in the control
group (P<0.05). Liver index (liver wet weight/body
weight×100%) in the NASH group was also significantly
higher than in the controls (P<0.01). In the UDCA group,
the changes in body weight and HAI score were similar to
the NASH group. Compared with the NASH group, the
body weight (P<0.01) and liver index (P<0.05) in the LCD
group were significantly lower, while the changes in the
UDCA+LCD group were similar to those in the LCD group
(Table 1).
Changes in serum lipids
After 12 wk, serum TCH (P<0.05) and FFA (P<0.01) in
the NASH group were significantly higher than those in the
control group, whereas serum TG levels were equivalent.
The changes of blood lipid variables in the UDCA group
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Table 1 Changes of body weight and liver index
Group

n

Body weight (g)

Control
NASH

9
10

351.1±43.0
423.5±65.2a

UDCA

10

426.5±26.6

3.476±0.351

LCD

10

329.5±38.4d

3.199±0.552 c

LCD+UDCA

15

310.3±38.6d

3.113±0.466 c

a

Liver index (%)
2.957±0.301
3.784±0.533b

P<0.05, bP<0.01 vs control, cP<0.05, dP<0.01 vs NASH group.

Changes in liver function
At the end of the 12 wk, serum ALT (P<0.05) and AST
(P<0.01) levels were significantly higher in the NASH
group than in the controls. While serum AST was slightly
lower in the UDCA group than that in the NASH group,
the difference was not statistically significant. In the LCD
group, serum ALT level was significantly lower than in the
NASH group (P<0.05), whereas serum AST level only
displayed a decreasing trend in plasma (P>0.05). Compared
with the LCD group, serum AST level was significantly lower
in the UDCA+LCD group (P<0.05), while serum ALT level
was about the same in the both groups. There were no
significant differences in serum albumin levels and albuminglobulin ratio among these groups of rats (Table 3).
Changes in liver histology
At the end of the 12 wk, we observed no specific histologic
alterations in the control livers. Under light microscope,
sections stained with H&E in the NASH group showed
steatosis, which was predominantly macrovesicular and more
or less diffusely distributed throughout the liver lobule, and
parenchymal inflammation with both acute and chronic
inflammatory cells accompanied with focal necrosis. In 80%
of the samples, portal inflammation was noted, which was
mild compared with lobular inflammation; and 20% samples
accompanied with piecemeal necrosis. The score of HAI
in the NASH group was significantly higher than in the
controls (P<0.01). No obvious liver fibrosis was found in
VG carbazotic acid-stained tissue sections. Immunohistochemical analysis showed that the number of cells positive
for lysozyme and -SMA was significantly higher in the
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Table 3 Alterations of some biochemical variables in rat
liver function
Group
Control
NASH
UDCA
LCD
UDCA+LCD
a

were similar to those in the NASH group. Serum TCH in
the LCD group was significantly higher than that in the
NASH group (P<0.05), and FFA in the LCD group was
inclined to increase as compared to the NASH group, while
TG was significantly decreased (P<0.001). Compared with
the LCD group, serum lipid disorders in the UDCA+LCD
group had a tendency to improve (Table 2).

April 21, 2005

n
9
10
10
10
15

ALT (u/L)

AST (u/L)

A (g/L)

A/G

40.2±7.1
75.3±40.21a
66.0±49.4
40.9±14.7c
40.1±8.8c

98.7±24.8
165.3±59.8b
139.5±54.52
140.4±32.3
111.8±22.9c

25.13±4.61
27.40±2.04
7.49±1.78
24.51±4.69
25.3±1.34

0.71±0.11
0.73±0.08
0.66±0.09
0.71±0.16
0.71±0.07

P<0.05, bP<0.01 vs control, cP<0.05 vs NASH group.

NASH group than in the controls. Electron microscopic
examination showed that, in the NASH group, liver cell
nuclei were squeezed to cell ambitus by large lipid droplets,
and that there was mitochondrial swelling; proliferation of
hepatic stellate cells and Kupffer cells was also found.
Compared with the NASH group, there were no alterations in hepatopathologic findings of rats in the UDCA
group. However, the degree of steatosis in the LCD group
was significantly reduced (P<0.05). Both the degree of steatosis
and the score of HAI in the UDCA+LCD group were a
little lower than in the LCD group, but obviously lower
than the NASH group (P<0.05). Significantly fewer cells
positive for lysozyme and -SMA were observed in the
UDCA+LCD group than in the NASH group, but these
parameters did not differ among the other groups. Histologically, the livers of four rats in the UDCA+LCD group
and one in the LCD group were almost normalized, but
this difference was not significant (Tables 4 and 5). There
still existed mild, nonspecific intralobular inflammation in
the rat of the LCD group with hepatic steatosis regressed.

DISCUSSION
Because NASH may lead to progressive hepatic fibrosis
and eventually cirrhosis and because its prevalence appears
to be increasing, it is necessary to develop effective therapies
for NASH. Currently, multiple therapies have been recommended for NASH. However, as is usual in such instance,
when many modes of therapy have been proposed, there is
no single, well-established consensus regarding effective
therapy[1-13].
In our study, while the rats fed on a high-fat diet for 10 wk
were overweight and developed hyperlipidemia and fatty
liver (this was confirmed by our another study)[18,19], a
subsequent 2 wk on LCD made both of their overweight
and hyperlipidemia and hepatic steatosis alleviated. In
contrast, an additional 2 wk of the high-fat diet led to the
development of more severe obesity, hyperlipidemia and
steatohepatitis. These findings suggest that altering a highfat diet to LCD may have markedly positive effects on obesity,

Table 2 Changes of major plasma lipid parameters
Group

n

TG (mmol/L)

TCH (mmol/L)

FFA (mmol/L)

Control

9

0.63±0.22

1.27±0.17

429.2±96.7

NASH

10

0.62±0.10

1.60±0.41a

728.2±178.5b

UDCA

10

0.59±0.13

1.60±0.43

629.0±229.6

LCD
10
UDCA+LCD 15
a

d

0.39±0.13
0.51±0.17e

c

2.04±0.50
1.93±0.27c

771.3±124.4
605.6±152.2

P<0.05, bP<0.01 vs control, cP<0.05, dP<0.01 vs NASH group. eP<0.05 vs LCD group.

Table 4 Hepatic steatosis in groups of rats
Group

n

-

+

++

+++

Control

9

9

NASH

10

3

6

1

UDCA
LCD

10
10

1
3

3
5

4
2

2

UDCA+LCD

15

8

1

4

2
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Table 5 HAI in groups of rats
Group

n

HAI

Control
NASH

9
10

0.8±0.8
3.4±2.1

UDCA

10

3.0±1.3

LCD

10

2.5±1.0

UDCA+LCD

15

1.9±1.1

hyperlipidemia and combined fatty liver, while continuation
on the fat-rich diet may lead to the development of steatohepatitis[20]. Although there was no liver fibrosis, we found
activation and proliferation of hepatic stellate cells and
Kupffer cells, suggesting that liver fibrosis might be
inevitable[18,19] . Subsequent research demonstrated that
feeding with a high-fat diet for 24 wk could induce
steatohepatitis with liver fibrosis[18,19]. Since the rats in our LCD
group developed hypercholesterolemia and hypotriglyceridemia with a trend to increase of serum FFA level, some
of their liver samples were still found to have hepatocyte
necrosis and inflammatory cell infiltration, indicating that
merely short-term LCD therapy may be not quite enough
to reverse steatohepatitis and serum lipid disorders[20,21] .
Concurrent administration of medications with potential
hepatoprotective effects may be reasonable alternatives for
the treatment of NASH with obesity.
UDCA is a bile acid with multiple potential mechanisms
of action, including immunomodulatory effects, displacement
of toxic hydrophobic bile salts from the bile acid pool, lipidaltering properties, and direct cytoprotective effects[22-26].
UDCA was first used as an empiric treatment in NASH in
a 66-year-old woman. The patient experienced normalization
of serum liver enzyme levels after treatment of UDCA
for 1 year [27] . In a pilot study of 40 patients with NASH
established by liver biopsy and the exclusion of other
causes of hepatitis, 24 patients were treated with UDCA
(13-15 mg/(kg·d)) for 1 year. There was no significant change
in body weight. There was a statistically significant decrease
in levels of ALT, alkaline phosphatase, gamma-glutamyltranspeptidase and in improvement in histologic grade of
hepatic steatosis. Sixteen patients with hypertriglyceridemia
were placed on clofibrate (2 g/d) for 12 mo and did not
have any benefit[28]. Recently, McCullough recommended
that until more information is provided, it seems appropriate
to treat comorbid diseases in patients with NASH and to
implement UDCA[29]. However, our findings suggest that
UDCA alone did not have significant effects on rats with
NASH induced by high-fat diet. Compared with the NASH
group, no alterations in serum biochemistry or liver histology
were observed in the UDCA group. This was in accordance
with the new results of a randomized, placebo-controlled
trial completed by the UDCA/NASH study group of USA,
which showed that UDCA (13-15 mg/(kg·d)) was not
associated with improved liver biochemistries or liver
histology in patients with NASH when compared to placebo,
and the weight was stable in the two groups[30,31].
In addition, in our study UDCA was able to ameliorate
blood lipid disorders, facilitate regression of hepatic steatosis,
inflammation and necrosis, and significantly decrease serum
AST level when given together with LCD therapy. So, the
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addition of UDCA was more efficacious than LCD alone.
If this is the case, the following possible mechanisms of UDCA
in improving the effects of LCD on steatohepatitis can be
proposed in light of the previous study[32-34]. In rats, Tabouy
and colleagues showed that the preferential shift of the
metabolic pathway of fatty acids from esterification to
oxidation due to the ethanol-induced liver mitochondrial
damage, and subsequent fat accumulation, may be prevented
by UDCA by way of improving ATP synthesis with protection
of mitochondrial morphology[32]. In addition to this membraneprotective effect of UDCA, whether this drug directly
mediates a shift in fatty acid metabolism from esterification
to oxidation is also worth examining. A recent rat study, in
which the effect of UDCA on alcohol-induced steatosis
and lipid peroxidation was examined, suggests that UDCA
might reduce steatosis and lipid peroxidation[33,34].
In summary, our findings suggest that UDCA alone is
not effective for the treatment of NASH rats and that shortterm LCD alone does not usually resolve NASH. Concurrent
administration of UDCA and LCD, however, may enhance
the curative effects and reduce the side effects of rapid
weight reduction. Thus, while UDCA may not directly reduce
or reverse steatohepatitis independently of weight loss, this
medication might complement the diet of patients with
NASH.
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Abstract
AIM: To investigate the occurrence of cellular src (c-src)
activating mutation at codon 531 in colorectal cancer
patients from Chinese mainland.
METHODS: Polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) assay followed
by sequencing and single-strand conformation polymorphism analysis were carried out to screen 110 samples of
primary colorectal cancer and 20 colorectal liver metastases.
RESULTS: Only one sample showed PCR-RFLP-positive
results and carried somatic codon 531 mutations. No
additional mutation of c-src exon 12 was found.
CONCLUSION: c-src codon 531 mutation in colorectal
cancer is not the cause of c-src activation.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: c-src; Colorectal cancer
Tan YX, Wang HT, Zhang P, Yan ZH, Dai GL, Wu MC, Wang
HY. c-src activating mutation analysis in Chinese patients
with colorectal cancer. World J Gastroenterol 2005; 11
(15): 2351-2353

http://www.wjgnet.com/1007-9327/11/2351.asp

INTRODUCTION
Liver metastasis is one of the main causes of death of
colorectal cancer patients. Although it is well known that
tumor metastasis is a multi-factorial and multi-step process,
the exact mechanisms underlying metastasis of colorectal
cancer are still largely unclear. Elevated expression and
activity of the src family tyrosine kinase are often associated

with progression and metastasis of human colorectal cancer[1].
As for the mechanism of src activation, Irby et al[2], reported
an activating c-src mutation, C-T mutation in codon 531
(located at exon 12), in 12% of advanced human colon
cancers[2]. But the following likewise screens of this kind of
mutations in four groups all had negative results[3-6]. It is
still quite uncertain whether codon 531 activating mutation
is a cause of c-src activation in advanced colorectal cancers.
In this study, we investigated 110 primary colorectal
cancers and 20 colorectal liver metastasis patients from
China mainland for this c-src specific mutation.

MATERIALS AND METHODS
Tissue specimens
Primary colorectal tumors and corresponding normal tissues
and blood samples were obtained from a total of 110 Chinese
patients (median age of 52 years, ranging from 36 to
72 years) with primary colorectal cancer during surgery at
Changhai Hospital and Changzheng Hospital (both in
Shanghai, China) from May 2003 to December 2003. The
tumors were classified as Duke stage A in 21, B in 26, C in
38 and D in 25. Twenty liver metastases with colorectal origin
were from Shanghai Eastern Hepatobiliary Surgery Hospital.
Tissue samples were stored at -80 ℃ until DNA extraction.
PCR amplification and RFLP analysis
Genomic DNA was extracted as previously described[7] .
DNAs from all 130 samples served as templates for PCR
(Perkin-Elmer) with primers set to amplify exon 12 of c-src.
The sequences of primers were as follows: forward, 5’ACAGGGATGGTGAACCGCGA-3’ and reverse, 5’ATCCAAGCCGAGAAGCCGGT-3’.
After DNA extraction (QIAquick PCR purification kit,
Qiagen), PCR products were digested with 5 Units of
restriction enzyme Sca I overnight. Plasmid DNAs bearing
src 531 mutation created by using overlap extension PCR[8]
were used as positive controls. The possible digestion-positive
samples were cloned into T-vector (pGEM -T vector,
Promega) and sequenced automatically (Perkin ElmerRoche, Banchburg, NJ).
SSCP analysis
PCR products of genomic DNA were screened for mutations
by single-strand conformational polymorphism (SSCP)
analysis exactly as previously described[9].

RESULTS
PCR with primers devised here generated a 266-bp fragment,
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bp
489
404
331
242
190
147
110

Wild
type
TCGAGTACCTGCAGG
120

Amber
mutation
TCGAGTACTTGCAGG
130

Figure 1 PCR amplification of src exon 12 from genomic DNA of colorectal
cancer. Lanes 1-8: samples; lane M: marker.
Figure 3 Sequencing of two clones (one wild and the other Amber-mutated)
from RFLP-positive PCR products of No. 73 colorectal cancer.

which was confirmed to be exon 12 of c-src by direct
sequencing (Figure 1). Only one sample (Figure 2) was
positive by RFLP analysis among the 110 samples of
colorectal cancer and 20 liver metastases in this study. This
No. 73 sample could only be partially digested by 5U Sca I
even after overnight digestion, implying that the corresponding
DNA template was a mixture of mutated and wild type clones.
This positive PCR product was cloned into T vector,
and 20 transformants were selected for sequencing. The
result confirmed the presence of 531 C-T mutation and
the ratio of mutated clones vs wild type clones was 8:12
(Figure 3). To further know whether it was a somatic or
germ line mutation, we analyzed its paired normal samples
and blood likewise, but could not find any mutation (Figure 2).
Additionally, SSCP was carried out to screen possible
other mutations of c-src in exon 12. No aberrant band was
found except for No. 73 sample and positive control (Figure 4).

DISCUSSION
Cellular src (c-src) is a human homolog of the Rous sarcoma
viral oncogene, v-src. c-src has been implicated in the
development and progression of numerous human cancers,
including colorectal cancer [10]. c-src was shown to be
dramatically activated in colorectal cancer[11,12]. Irby et al[2],
reported src point mutation at codon 531 truncated c-src Cterminal to the negatively regulatory kinase phosphorylation
site at Tyr 530 and thereby activated c-src. This was the first
report of activating c-src mutation related to the progression
of colorectal cancer. However, no such mutations in
Japanese and North European as well as from Italian patients
with colorectal cancer were found[3-6].
In this research, 110 primary colorectal cancers (38 in

bp
489
404
331
242
190
147
110

M

1

2

3

Figure 2 Positive result of No. 73 sample in RFLP analysis. Lane 1: No. 73
para-cancer tissue; lane 2: No. 73 cancer tissue; lane 3: positive control; lane
M: DNA marker.

Duke’s stage C and 25 in Duke’s stage D) and 20 liver
metastases were screened by RFLP analysis. Only one
sample showed positive results (Figure 2) and was confirmed
by direct sequencing, while its adjacent normal intestinal
mucosa and blood kept intact. Our results indicated that
activating mutation of c-src might be only a rare case, which
could not explain the c-src activation always found in
colorectal cancer.
c-src can be activated through various mechanisms, the
core of which is to relieve the intramolecular autoinhibition
created by binding of its SH2 domain to pY527 in the
carboxyl terminus[13]. pY527 is phosphorylated by the protein
tyrosine kinase, Csk. Recently, Cam et al[14], found that Csk
protein and its kinase activity were reduced in colorectal
carcinoma and correlated with c-src kinase activity.
Furthermore, Csk over-expression in mouse NL-17 cells
(highly metastatic clone of mouse colon adenocarcinoma)
resulted in significant suppression of metastasis, but did
not affect its tumorigenicity[15] , demonstrating its role in
metastatic inhibition. More recently, Rengifo-Cam et al[16],
found that overexpression of wild-type Csk increased cellcell contacts, mediated by E-cadherin, could decrease the
number of focal contacts and cell adhesion/migration and
in vitro invasiveness. It is, therefore, worthwhile to detect
the activity of Csk in colorectal cancer. However, Be’nistant
et al[17], reported the existence of autoantibodies to Csk and
elevated Csk in colorectal adenocarcinoma. Furthermore, it
was found that src was deregulated in all of the tumors
tested, suggesting that Csk could not phosphorylate src in
transformed cells or that src was activated despite its phosph-

1

2

3

4

5

6

Figure 4 SSCP analysis of src exon 12 fragment amplified from colorectal
cancer. Lane 1: positive control; lane 2: No. 73; lane 3: negative control; lanes
4-6: three negative samples.
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orylation by Csk.
Apart from down-regulation of csk, transcriptional
activation might be another mechanism of c-src activation
in advanced colorectal cancer[18]. Our study demonstrates
that activating point mutation in codon 531 may not be the
main mechanism of c-src activation in colorectal cancer.
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Abstract
Henoch-Schönlein purpura (HSP) is a systemic vasculitis
of the small vessels of the skin, joints, GI tract, and kidney.
It preferentially affects children but may also occur in
adults. We report a 60-year-old man with HSP who presented with colicky abdominal pain, bloody diarrhea, arthralgia, and skin rash. The gastrointestinal tract was viewed
by upper endoscopy and colonoscopy. We found characteristic endoscopic findings in the stomach, cecum and
sigmoid colon, the combination of which has rarely been
demonstrated in one patient. Histologic examination of
skin biopsy specimens revealed leukocytoclastic vasculitis
with positive staining for IgA in the capillaries. Endoscopy
appears to have substantial diagnostic utility in patients
suspected of having HSP, especially when abdominal
symptoms precede the cutaneous lesions.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Henoch-Schönlein purpura (HSP) is a systemic vasculitic
disorder of the small vessels of the skin, joints, GI tract,
and kidney. The clinical manifestations usually include
arthralgia, a purpuric skin rash, nephritis, abdominal pain,
and GI bleeding. It commonly affects young children, with
the peak age of onset between 4 and 7 years. The pathologic
changes are mediated by IgA deposition[1], complement
activation, granulocyte recruitment, and destruction of
endothelial cells. The American College of Rheumatology
published diagnostic criteria for HSP in 1990 [2] including
(1) age less than or equal to 20 years at disease onset, (2)
the presence of palpable purpura, (3) GI bleeding, and

(4) a biopsy showing granulocytes in the walls of small
arterioles or venules. The diagnosis is made when three or
more of those criteria are fulfilled.

CASE REPORT
A 60-year-old man presented with three days of colicky
abdominal pain with bloody diarrhea, arthralgia in the knees,
and ankle edema. His medical history was unremarkable
except for a self-limited upper respiratory infection one week
previously. Physical examination revealed diffuse lower
abdominal rebound tenderness. There was no fever and no
skin rash on admission. The initial leukocyte count was
17 830 /mm3, and the C-reactive protein was 12 mg/dL. A
plain abdominal film showed generalized ileus and no
evidence of free air. Stool cultures were negative for enteric
pathogens, and no ova or parasites were found. Upper
endoscopy revealed multiple discrete coin-like petechiae and
hemorrhagic erosions in the gastric antrum and lower body
(Figure 1). Colonoscopy revealed patches of hyperemic and
ecchymotic lesions in the cecum (Figure 2), ileocecal valve,
and sigmoid colon. The patient was managed with fasting
and intravenous fluids. The day after admission, he developed
numerous erythematous, purpuric lesions, predominantly
on the lower extremities and buttocks. The lesions rapidly
became palpable (Figure 3). A platelet count, prothrombin
time and partial thromboplastin time were normal. Based
on this constellation of findings, HSP was suspected. Tissue
from a skin biopsy of the lesions was compatible with
leukocytoclastic vasculitis with deposition of IgA, confirming
the diagnosis of HSP. The urinalysis and renal function
were normal. Parenteral steroid therapy (5 mg/(kg·d) of
hydrocortisone) was instituted initially, resulting in relief of
the abdominal pain and arthralgia and gradual resolution
of the skin lesions within 5 d. The treatment was switched
to oral prednisolone 20 mg/d with gradual tapering over
4 wk. The patient has remained well over 2 years of follow up.

Figure 1 Upper endoscopic view of multiple discrete coin-like petechiae in the
lower gastric body.
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Figure 2 Colonscopic view of hyperemic and ecchymotic lesions in the
cecum.
Figure 3 Numerous erythematous papules and palpable purpura on the lower
extremities and buttocks.

DISCUSSION
The above-mentioned patient fulfilled three of four criteria
for the diagnosis of HSP. The only exception was his age.
The diagnostic sensitivity and specificity of three out of
the four criteria are 89.4% and 88.1%, respectively [2].
Although the cause of HSP is unknown, immunizations,
certain food allergies, insect bites, infection[3], and some
medications[4] may play a role in the development of the
disease. It may be that our patient’s recent cold predisposed
him to HSP. The final diagnosis of HSP was confirmed
by histologic examination of a skin biopsy specimen
demonstrating a vasculitis with leukocyte infiltration and
deposition of IgA.
The diagnosis of HSP can be difficult, especially when
abdominal symptoms precede cutaneous lesions. A skin rash
is nearly always present, although not necessarily in the earliest
stages. Lanzkowsky reported that 14% of patients had
abdominal symptoms preceding the skin rash[5]. As in our
case, the skin rash is typically on the lower extremities and
buttocks, less commonly on the face and trunk. It starts as
erythematous papules that quickly become palpable purpura.
Normal platelets counts, prothrombin time, and partial
thromboplastin time exclude a platelet or hemorrhagic
disorder as the cause of purpura. Other laboratory tests
are usually not conclusive.
Abdominal symptoms reportedly occur in 50-85% of
HSP patients, possibly secondary to edema and hemorrhage
within the bowel wall and mesentery. The abdominal pain is
always colicky and poorly localized. On physical examination
the abdomen may be rigid or distended, occasionally
mimicking an acute abdomen and resulting in unnecessary
exploratory laparotomy. Signs suggestive of intussusception
including an abdominal mass may be present in children.
GI bleeding occurs in one-third of cases and may be overt,
with hematemesis, melena, or bloody stools[6,7]. While bloody
diarrhea is common in HSP, it may also occur in eosinophilic
gastroenteritis[8], systemic lupus erythematosus, parasitic
infection, and drug-induced vasculitis. Distinguishing
between these different vasculitic disorders depends on
clinical, serological, hematologic, and histologic findings.
Arthralgia is usually symmetrical, with the ankles being the
most commonly affected joints. Joint involvement is considered
as an indication for systemic steroids. Proteinuria and hematuria indicate renal involvement and generally occur within
the first 3 mo after the onset of the disease.

The hallmarks of HSP on computed tomography are
multiple focal areas of bowel thickening with skip lesions,
mesenteric edema, vascular engorgement, and non-specific
lymphadenopathy[9]. However, similar thickening may also
be seen in eosinophilic gastroenteritis[8], lymphoma, Crohn’s
disease, and granulomatous disease. It is thus not a specific
sign for HSP. Ultrasound may reveal generalized thickening
of the intestinal wall, ascites, and sometimes intussusception.
GI involvement in HSP is seen predominantly in the
small bowel[10,11] but may also affect the esophagus, stomach,
terminal ileum [12,13] and colon[14] . Our patient had diffuse,
poorly localized abdominal pain and bloody diarrhea,
prompting us to visualize both the upper and lower GI
tract. The endoscopic findings in our patient included discrete
coin-like petechiae, hemorrhagic erosions, and skip
hyperemic and ecchymotic lesions. These were seen in the
gastric antrum, cecum, ileocecal valve, and sigmoid colon.
It is important to recognize these characteristic endoscopic
findings when a previously healthy patient presents with the
sudden onset of an acute abdomen. When encountered,
they should suggest the possibility of HSP. Although we
did not biopsy the lesions in the GI tract, we expected to
find histologic abnormalities similar to those found on skin
biopsy. However, endoscopic biopsies often miss the submucosal vessels and only reveal nonspecific inflammation.
HSP is primarily a medical disease and requires only
supportive treatment once other acute surgical conditions
have been excluded. Simple analgesics or non-steroidal antiinflammatory drugs are used as first-line therapy for relief
of arthralgia. Parenteral steroids have been advocated for
more severe abdominal or joint pains, or painful angioedema,
but they should be used with caution if there is active GI
bleeding. All patients with HSP should have their urine
analyzed on several occasions during the initial stages of
the disease. Proteinuria and hematuria indicate possible renal
involvement which, if it progresses to renal insufficiency,
has a poor long-term outcome[15,16]. Our patient’s urinalysis
was normal, and his renal function has been remained normal
over two years of follow up.
In conclusion, the majority of patients with HSP recover
fully. The prognosis is best in the absence of renal
involvement. The diagnosis of HSP may be difficult, especially
when abdominal symptoms precede the characteristic palpable

2356

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

purpura. Typical endoscopic findings may alert gastroenterologists to consider this disease early and thus avoid
unnecessary laparotomy.
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Abstract
Intracardiac manifestation of hepatocellular carcinoma
(HCC) is a rare condition and an uncommon finding even
at autopsy. Pulmonary tumor embolism as a presenting
feature of HCC has been published only twice previously.
In our case report, a 63-year-old man presented with high
fever and six episodes of recurrent pneumonias during the
last half year. Echocardiography was performed, a solid
mass was found in the right atrium. Transesophageal
echocardiography proved a tumor mass in the inferior vena
cava (IVC) extending into the right atrium, abdominal
ultrasound revealed tumor mass in the IVC and a solid
tumor in the liver. Combined liver and heart surgery was
attempted in order to remove the tumor mass from both
the liver and the right atrium. Acute cor pulmonale occurred
during tumor removal from the right atrium and the patient
expired. In addition to local factors the possibility of
embolization should arise in the background of recurrent
pneumonia. Occult carcinoma must be included in possible causes of recurrent pulmonary embolism. Searching
for primary malignancy should include HCC as frequent
cause of hypercoagulability. In case of HCC, echocardiography is suggested because of the possibility of
expansion in IVC or right atrium and tumor-embolization.
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embolization as primary manifestation of hepatocellular
carcinoma with intracardiac penetration: A case report.
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INTRODUCTION
Intracardiac manifestation of hepatocellular carcinoma
(HCC) is a rare condition, uncommon finding even at
autopsy. Pulmonary tumor embolism as a presenting feature
of HCC has been published only twice previously[1,2]. In
our case recurrent pneumonias and dyspnea were the only
symptoms distantly related to HCC.
CASE REPORT
A 63-year-old man presented with high fever, six episodes
of recurrent pneumonias during the last half year. His
medical history showed pulmonary tuberculosis (30 years
ago) and hypertension. There was no hepatitis or any other
liver dysfunction in his case history. Only the enlarged liver
was a pathologic finding at physical examination.
Two-dimensional transthoracic echocardiography was
performed searching for possible infective endocarditis in
the background of recurrent fevers. A solid mass was found
in the right atrium causing severe inflow obstruction.
Transesophageal echocardiography proved a tumor mass
in the inferior vena cava (IVC) extending into the right atrium
(Figure 1).

© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Intracardiac
penetration; Pulmonary embolization

Figure 1 Tumor mass extending into the right atrium (transesophageal
echocardiography).
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Figure 2 Tumor mass in the inferior vena cava (abdominal ultrasound).

Figure 4 Solid tumor in the fourth segment of the right lobe of the liver (abdominal
computerized tomography).

Elevated red blood cell sedimentation rate, normal hematocrit, normal transaminase levels and extremely high alfafetoprotein (AFP) level (18 184 ng/mL, normal range:
<8 ng/mL) were seen in the blood chemistry. No laboratory signs of liver disease were present. Serological examinations disclosed hepatitis B or C viral infection.
Abdominal ultrasound revealed tumor mass in IVC and
a solid tumor in the fourth segment of the right lobe of the
liver (Figures 2 and 3). Abdominal computerized tomography
(CT) scan proved this finding (Figure 4). Fine needle biopsy was performed, which showed small round cell HCC
(Figure 5). Combined liver and heart surgery was attempted
in order to remove the tumor mass from both the liver and
the right atrium. Off pump heart surgery was chosen to
avoid an adverse immunocompromised state known to be
related to extracorporeal bypass. Acute cor pulmonale occurred during tumor removal from the right atrium and the
patient expired. Autopsy revealed fresh pulmonary infarction

Figure 6 Tumor cells in the thrombus from the inferior vena cava (hematoxylin–
eosin staining, ×5).

April 21, 2005
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Number 15

Figure 3 Solid tumor in the fourth segment of the right lobe of the liver (abdominal
ultrasound).

Figure 5 Small round cell HCC (hematoxylin–eosin staining ×10).

in the left lung with thrombi in the left main pulmonary
artery supplying the infarcted part. Massive embolus was
seen in the central part of the right pulmonary artery as a
cause of acute cor pulmonale. A tumor mass with a diameter
of -7 cm was detected in the right lobe of the liver with no
signs of cirrhosis. Histologic examinations proved tumor
cells in the thrombus from the IVC (Figure 6), both small
round cells and conventional HCC cells in the liver tumor
mass with AFP and CD99 positivity (Figure 7).

DISCUSSION
Cancer patients are prone to develop both thrombotic and
tumor pulmonary embolism. Although metastatic spread
of malignancies to lungs is common, pulmonary tumor
embolism is an unusual phenomenon. It remains undetected
often and many cases are not recognized until postmortem
examination[3].
This case is the third reported one of tumor emboli as

Figure 7 Both small round cells and conventional HCC cells in the liver tumor
mass with AFP and CD99 positivity (hematoxylin–eosin, ×5).

Papp E et al. Embolism due to hepatocellular carcinoma

first sign of HCC and the only reported case in which neither
the signs of pulmonary embolism nor any of the typical
manifestations of HCC but only recurrent pneumonia were
present. Autopsy proved tumor emboli in the background
of pneumonia.
HCC is one of the most common cancers worldwide but
it has a low prevalence in the Western world. More than
70% of patients with HCC have cirrhosis, and more than
80% have elevated alkaline phosphatase or aspartate-aminotransferase serum levels. Epidemiological studies have established that hepatitis B and C viral infections are the main
etiologic factors. Patients typically present with abdominal
pain and weight loss. None of these were present in the
case reported.
Although invasion of the IVC and the right atrium by
HCC occurs in less than 2% of the patients with HCC[4] ,
only few cases were reported[4-6]. Pulmonary manifestations vary, the “cannonball” pattern being the most common
one[7-9]. Hypercoagulability in malignancy is well known
and liver cancer is strongly associated with venous thromboembolism[10]. It is surprising that only two cases with pulmonary
embolism have previously been reported.
Intraatrial manifestation of the HCC is a life-threatening condition. The major causes of death are either sudden
pulmonary embolism of the thrombus or acute obstruction
of the tricuspid valve or both. Resection can provide relatively good long-term survival in this particular clinical
situation but not more than 2 years[11]. The surgical approach
to IVC and intraatrial masses is difficult. These patients
usually die within a short period because of pulmonary embolism, heart failure or cancer progression. The only treatment option is hepatic resection with removal of the tumor
thrombus. Most commonly, deep hypothermia and circulatory arrest have been used[12,13]. Georgen et al[14], reported
a successful removal of HCC from the right atrium without
extracorporeal bypass. Optimal decision making in rare cases
like this is a complicated task based on intuition rather than
scanty information provided by evidence-based medi-cine.
In summary, in addition to local factors the possibility
of embolization should arise in the background of recurrent
pneumonia. Occult carcinoma must be included in possible
causes of recurrent pulmonary embolism. Searching for
primary malignancy should include HCC as the frequent
cause of hypercoagulability. Regarding the literature review
referring to HCC cases, echocardiography is suggested because of the possibility of expansion in IVC or right atrium
and tumor-embolization[15]. This case is reported because it
describes a rapid clinical progression where the recurrent
pneumonia was the first manifestation of a previously undia-

2359

gnosed neoplastic disease.

REFERENCES
1

2

3

4

5

6
7

8

9

10

11

12

13

14

15

Wilson K, Guardino J, Shapira O. Pulmonary tumor embolism as a presenting feature of cavoatrial hepatocellular
carcinoma. Chest 2001; 119: 657-658
Winterbauer RH, Elfenbein IB, Ball WC. Incidence and clinical significance of tumor embolization to the lungs. Am J Med
1968; 45: 271-290
Goldhaber SZ, Dricker E, Buring JE, Eberlein K, Godleski JJ,
Mayer RJ, Hennekens CH. Clinical suspicion of autopsyproven thrombotic and tumor pulmonary embolism in cancer
patients. Am Heart J 1987; 114: 1432-1435
K ane mats u M, Ima eda T, Mi now a H, Ya ma w a ki Y,
Mochizuki R, Goto H, Seki M, Doi H, Okumura S. Hepatocellular carcinoma with tumor thrombus in the inferior vena
cava and right atrium. Abdom Imaging 1994; 19: 313-316
Kojiro M, Nakahara H, Sugihara S, Murakami T, Nakashima
T, Kawasaki H. Hepatocellular carcinoma with intra-atrial
tumor growth. A clinicopathologic study of 18 autopsy cases.
Arch Pathol Lab Med 1984; 108: 989-992
Atkins KA. Metastatic hepatocellular carcinoma to the heart.
Diagn Cytopathol 2000; 23: 406-408
DeVita VT, Trujillo NP, Blackman AH, Ticktin HE. Pulmonary manifestations of primary hepatic carcinoma. Am J Med
Sci 1965; 250: 428-436
Gasztonyi B, Par A, Battyany I, Hegedus G, Molnar FT,
Horvath L, Mozsik G. Multimodality treatment resulting in
long-term survival in hepatocellular carcinoma. J Physiol Paris
2001; 95: 413-416
Gasztonyi B, Par A, Molnar FT, Cseke L, Horvath OP,
Battyany I, Hegedus G, Horvath L, Mozsik Gy. A case report
of patient with recurrent hepatocellular carcinoma (HCC):
Succesful multimodality treatment. Eur J Int Med 1998; 9:
127-129
Sorensen HT, Mellemkjaer L, Steffensen FH, Olsen JH, Nielsen
GL. The risk of a diagnosis of cancer after primary deep venous
thrombosis or pulmonary embolism. N Engl J Med 1998; 338:
1169-1173
Fujisaki M, Kurihara E, Kikuchi K, Nishikawa K, Uematsu
Y. Hepatocellular carcinoma with tumor thrombus extending
into the right atrium: report of a successful resection with the
use of cardiopulmonary bypass. Surgery 1991; 109: 214-219
Donatelli F, Pocar M, Triggiani M, Moneta A, Lazzarini I,
D’Ancona G, Pelenghi S, Grossi A. Surgery of cavo-atrial renal carcinoma employing circulatory arrest: immediate and
mid-term results. Cardiovasc Surg 1998; 6: 166-170
Chu MW, Aboguddah A, Kraus PA, Dewar LR. Urgent heart
surgery for an atri a l ma ss: metastatic hepa toc el lula r
carcinoma. Ann Thorac Surg 2001; 72: 931-933
Georgen M, Regimbeau JM, Kianmanesh R, Marty J, Farges
O, Belghiti J. Removal of hepatocellular carcinoma extending
in the right atrium without extracorporal bypass. J Am Coll
Surg 2002; 195: 892-894
Yoshitomi Y, Kojima S, Sugi T, Matsumoto Y, Yano M, Ozeki
Y, Kuramochi M. Echocardiography of a right atrial mass in
hepatocellular carcinoma. Heart Vessels 1998; 13: 45-48
Science Editor Guo SY Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(15):2360-2363
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• CASE REPORT •

Multifocal intraportal invasion of breast carcinoma diagnosed by
laparoscopy-assisted liver biopsy
Tomoki Nakajima, Satoru Sekoguchi, Taichirou Nishikawa, Hidetaka Takashima, Tadashi Watanabe, Masahito Minami,
Yoshito Itoh, Naruhiko Mizuta, Hiroo Nakajima, Takeshi Mazaki, Akio Yanagisawa, Takeshi Okanoue
Tomoki Nakajima, Satoru Sekoguchi, Taichirou Nishikawa,
Hidetaka Takashima, Tadashi Watanabe, Masahito Minami,
Yoshito Itoh, Takeshi Okanoue, Molecular Gastroenterology
and Hepatology, Kyoto Prefectural University of Medicine Graduate
School of Medical Science, Kyoto, Japan
Naruhiko Mizuta, Hiroo Nakajima, Endocrine Surgery, Kyoto
Prefectural University of Medicine Graduate School of Medical
Science, Kyoto, Japan
Takeshi Mazaki, Akio Yanagisawa, Surgical Pathology, Kyoto
Prefectural University of Medicine Graduate School of Medical
Science, Kyoto, Japan
Co rres po nden ce to: Tomoki Nakajima, MD, Molecular
Gastroenterology and Hepatology, Kyoto Prefectural University of
Medicine Graduate School of Medical Science, Kawaramachi-Hirokoji,
Kamigyo-ku, Kyoto 602-8566, Japan. tomnaka@silver.ocn.ne.jp
Telephone: +81-75-251-5519 Fax: +81-75-251-0710
Received: 2004-07-17 Accepted: 2004-09-04

Abstract
Hepar lobatum carcinomatosum (HLC) is defined as an
acquired hepatic deformity consisting of an irregularly
lobulated hepatic contour caused by intravascular infiltration
of metastatic carcinoma. To date, only nine cases of HLC
have been reported in the literature. We report a case of a
68-year-old woman showing hepatic metastasis of breast
carcinoma in radiologically unidentified form. Initially, she
received left partial mastectomy for breast cancer but
solid hepatic metastases were identified in S2 and S6, 9 mo
after surgery. Then, they responded to chemotherapy and
radiologically disappeared. After radiological disappearance
of the liver tumors, the patient's blood chemistry showed
abnormal liver function. A CT scan demonstrated heterogeneous enhancement effect in the liver in the late phase,
suggesting uneven hepatic blood supply. Hepatic deformity
was not obvious. Laparoscopy revealed a slightly deformed
liver surface with multiple indentations and shallow linear
depressions. Furthermore, a wide scar was observed on
the surface of S2 possibly at the site where the metastatic
tumor existed before chemotherapy. Liver biopsy from
the wide scar lesion showed intraportal tumor thrombi
with desmoplastic change. Because of its similarity to the
histology of the original breast cancer, we concluded that
the hepatic functional abnormalities and slightly deformed
liver surface were derived from the circulatory disturbance
caused by microscopic tumor thrombi. Besides, since the
wide scar was located at the site of the pre-existing tumor,
it is probable that chemotherapy was an important cause
of fibrous scarring as a result of tumor regression. These
morphologic findings are compatible with those of HLC.
Laparoscopy-assisted liver biopsy was useful to make

definite diagnosis, even though the hepatic deformity was
radiologically undetectable.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Liver metastasis of breast cancer usually presents cancer
nodules scattered in the liver and the radiological diagnosis
is not difficult. However, rarely, it does not form spaceoccupying lesions and manifests itself as multifocal occlusion
of intrahepatic branches of the portal and/or hepatic veins
by tumor thrombi. Such circulatory disturbances can result
in deformity of the liver, mimicking cirrhosis[1-4]. In these
cases, since radiological findings are uneven hepatic
circulation and hepatic deformity, the diagnosis is difficult
and sometimes misleading[5-8]. We report a case of hepatic
metastasis of breast carcinoma, which diffusely spread in
the liver without radiologically detectable lesions or obvious
hepatic deformity. It was successfully diagnosed by laparoscopyassisted liver biopsy. We have discussed its pathogenesis based
on the previous reports.
CASE REPORT
A 68-year-old woman was admitted to our hospital complaining
of general malaise. She had received left partial mastectomy
on August 2, 2002. The tumor was in stage I and was
histologically invasive ductal carcinoma of scirrhous type.
An enhanced computed tomography (CT) scan on April
2, 2003 revealed a metastatic lesion in liver S2 (Figure 1A),
and an enhanced magnetic resonance image with Ferridex
on May 19, 2003 showed metastatic lesions in S2 and S6
(Figures 1B and C). From April to December 2003,
combination chemotherapy was administered every month,
using 900 mg of cyclophosphamide and 110 mg of epirubicin
for the first 4 mo and then reducing cyclophosphamide to
500 mg and epirubicin to 60 mg. In February 2004, the

Nakajima T et al. Intraportal invasion of breast carcinoma
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Figure 1 A: Enhanced CT scan on April 2, 2003. A metastatic lesion in liver S2
(arrowhead). B and C: Enhanced magnetic resonance image with Ferridex on
May 19, 2003. Metastatic lesions in S2 (B, arrowhead) and S6 (C, arrowhead).

D-I: Dynamic study by CT scan on admission. Uneven enhancement effect of
the liver in late phase.

patient was admitted to our hospital, complaining of general
fatigue and appetite loss and showing abnormal liver
function test results. After admission, she also manifested
drowsiness, disorientation and insomnia. The patient was
154 cm in height and weighed 54 kg. Visible mucosa showed
slight jaundice and no anemia. There was no sign of palmar
erythema or vascular spider. Superficial lymph nodes were
not palpable. There were two sites of skin eruption at the
left anterior chest, which had already been diagnosed as
skin metastasis by biopsy. There was leg edema but no
hepatosplenomegaly. The blood test showed abnormalities
in liver function, coagulation disturbance, and thrombocytopenia. Specifically, the results were as follows: platelet
count, 9.3×10 4/L; prothrombin time, 82%; fibrin
degradation product, 15.4 g/mL; C-reactive protein,
5.7 mg/dL; lactate dehydrogenase, 810 IU/L; aspartate
aminotransferase, 219 IU/L; alanine aminotransferase,
240 IU/L; alkaline phosphatase, 1 826 IU/L; -glutamyltranspeptidase, 960 IU/L; total bilirubin 4.97 mg/dL;
ammonia, 252 g/dL; total protein, 5.6 g/dL; albumin,
3.1 g/dL. Dynamic study with CT scan demonstrated
uneven enhancement effect in the liver in late phase,
suggesting uneven hepatic blood supply. At this time, the

metastatic tumors had become undetectable (Figures 1D-I)
and hepatic deformity was not obvious. To clarify the exact
cause of liver function abnormalities, laparoscopy was
performed. It showed an irregular and deformed liver
surface with multiple indentations and shallow linear
depressions (Figures 2A-D). A wide scar was observed on
the surface of S2 possibly at the site where the metastatic
tumor existed before chemotherapy (Figure 2E, arrowheads).
Laparoscopic liver biopsy from a wide scar lesion showed
residual cancer cells scattered in a wide fibrous band in one
area (Figure 3A). In another area intraportal tumor thrombi
were clearly demonstrated by CD31 immun-ohistochemical
staining (Figures 3B and C). Cancer cells showed
desmoplastic change around them (Figure 3D), which
extended toward the sinusoids (Figure 3E). Because of its
similarity to the histology of original breast cancer (Figure 3F),
we concluded that the hepatic functional abnormalities were
due to the uneven blood supply caused by intraportal
invasion of the breast cancer. Drowsiness, disorientation
and insomnia, along with high level of serum ammonia,
were suggestive of hepatic encephalopathy. Lactulose and
branched-chain amino acid supplement were given but failed
to improve the symptoms, and serum ammonia level stayed
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C

Figure 2 Irregular and deformed liver surface with multiple indentations and
shallow linear depressions (A and B: right lobe, C and D: left lobe). A wide scar

on the surface of S 2 at the site where metastatic tumor existed before
chemotherapy (E, arrowheads).

over 200 g/dL. The patient presented a rapid downhill
course and died of respiratory failure due to lymphangitis
carcinomatosa on March 20, 2004.

case, radiological diagnosis was difficult because dynamic
study by CT scan only demonstrated uneven hepatic blood
supply, which is also seen in chronic or acute liver injury.
Indeed, definitive diagnosis was made only by laparoscopyassisted liver biopsy.
Carcinomatous involvement of the liver mimicking cirrhosis is a rare complication of metastatic carcinoma, most frequently observed with scirrhous carcinoma of the breast[1-4].
Borja et al [1] , reported a case of metastatic breast cancer,
which presented various clinical manifestations of liver
failure grossly characterized by a distorted liver surface
caused by multifocal portal obstruction with cancer cells.

DISCUSSION
When metastatic breast carcinoma in the liver does not form
space-occupying lesions, its radiological diagnosis is difficult.
There are some case reports on diffuse infiltration of breast
cancer cells found at autopsy, which was not diagnosed even
with the most advanced modalities like CT scan, ultrasonography and magnetic resonance imaging[5-8]. In the present

A

B

C

D

E

F

Figure 3 A: Laparoscopic liver biopsy from a wide scar lesion showed
residual cancer cells scattered in a wide fibrous band in one area (hematoxylin
and eosin (HE) stain). B and C: In another area intraportal tumor thrombi were
clearly demonstrated. Endothelial cells were stained brown by CD31

immunohistochemistry (B, HE stain, C, CD31 immunohistochemical stain). D
and E: Cancer cells showed desmoplastic change around them, which extended
toward the sinusoids (D, HE stain, E, Masson’s trichrome stain). F: Original
breast cancer. Note desmoplastic change around the tumor cells (HE stain).

Nakajima T et al. Intraportal invasion of breast carcinoma

Busni et al [9], first introduced the term hepar lobatum
carcinomatosum (HLC), which was defined as an acquired
hepatic deformity consisting of an irregularly lobulated
hepatic contour caused by intravascular infiltration of
metastatic carcinoma. To our knowledge, only nine cases
of HLC have been reported in the literature to date[9-13].
In the present case, although radiological examinations
revealed neither distorted nor irregularly lobulated liver
surface, laparoscopy presented a slightly irregular and
deformed liver surface with multiple indentations and
shallow linear depressions. A biopsy sample from the wide
fibrous scar revealed the intraportal infiltration of cancer
cells surrounded by fibrous tissues. As speculated by Gravel
et al[13], multifocal carcinomatous obstruction of portal veins
caused circulatory deficiency leading to multiple scattered
and linear depressions on the liver surface, which were
interpreted as fibrous scarring. In addition, desmoplastic
change caused by carcinoma cells may have also contributed
to the formation of fibrous scar tissue. These pathologic
conditions are basically the same as those of HLC, and
therefore, our case can be categorized as the same entity,
though it was not so far advanced in terms of hepatic
deformity.
Combination chemotherapy with cyclophosphamide and
epirubicin was performed in this case. Various chemotherapeutic agents were given to eight out of the nine previously
reported HLC patients, but most of the agents, including
cyclophosphamide and doxorubicin (the same group as
epirubicin) are not known to induce fibrogenesis by
themselves or even synergistically. Hence, some authors[10-14]
speculate that fibrosis in HLC is not caused by direct effect
of chemotherapeutic agents, but is actually scar contraction
after tissue collapse by chemotherapy-induced tumor
necrosis or regression. In the present case, this condition
occurred after chemotherapy which caused the disappearance
of metastatic liver tumors. Furthermore, a wide scar was
observed at the site where the metastatic tumor existed
before chemotherapy. These findings also support the
possibility of chemotherapy as another important but
indirect cause of fibrous scarring.
In this case, drowsiness, disorientation and insomnia,
and a high level of serum ammonia were suggestive of hepatic
encephalopathy. However, lactulose and branched-chain
amino acid supplementation were not effective, and serum
ammonia level stayed over 200 g/dL. In addition, leg edema
with low serum albumin level mimicked the clinical manifestation of cirrhosis. These clinical symptoms and laboratory
data indicate that rapidly progressive and diffuse circulatory disturbance due to carcinomatous obstruction of
portal veins can cause some symptoms of hepatic failure[15-18].
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Abstract
AIM: An inherited deficiency of human lysosomal acid lipase
(LAL) results in the rare conditions of Wolman disease and
cholesteryl ester storage disease (CESD). We want to
present the rare case of CESD in an adult.
METHODS: We report about an adult female patient with
severe chronic diarrhea and weight loss as a consequence
of CESD. Clinical examination revealed signs of malabsorption and slightly elevated liver enzymes.
RESULTS: Histopathologic changes in the liver tissue and
DNA sequence analysis confirmed the diagnosis of CESD
due to homozygosity for the most common CESD mutation,
a G934A splice site defect encoded by exon 8 of the
lysosomal acid lipase (LIPA) gene.
CONCLUSION: It is the first case in the literature with
diarrhea as a putative symptom of CESD in adult patients.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Wolman disease and cholesteryl ester storage disease (CESD)
are very rare inherited disorders of lipid metabolism. Both

are the consequences of autosomal recessive mutations which
result in a deficient or severely diminished activity of human
lysosomal acid lipase (LAL) acid esterase and cholesteryl
ester hydrolase, respectively[1]. The mature 378-amino acid
protein with molecular masses of approximately 43-54 ku is
encoded by the lysosomal acid lipase (LIPA) gene on chromosome 10q23.2-q23.3 which contains 10 exons dispersed
over a 38.8 kb region[2-4].
LAL is essential for the intralysosomal breakdown of
cholesteryl esters and triglycerides which are taken up by
receptor-mediated endocytosis. An inherited deficiency or
low activity results in the intralysosomal storage of the
respective lipid substrates. As the enzyme is synthesized by
all nucleated cells, lipid-laden cells are found in all organs,
particularly in liver, spleen, the adrenal and the hemopoietic
system, and in the intestine as well as in the lymph nodes,
lungs, testes, and ovaries[5-8].
While Wolman disease has an infaust prognosis and leads
to hydrops fetalis and congenital ascites as well as an abnormal
neurological development, CESD presents as the milder
form due to a residual enzymatic activity of approximately
3% which results in widespread lipid deposition and can
induce symptoms at any age[9-13].
CESD is rarely diagnosed. We report about the unusual
case of a 41-year-old woman who had been suffering from
recurrent diarrhea since early childhood and was referred
to the hospital during a severe episode of diarrhea and
ensuing weight loss. During the clinical examination, a liver
biopsy was taken which led to the tentative diagnosis of
CESD. This was confirmed by molecular genetic analysis.

CASE REPORT
A 41-year-old female patient, who had been brought up as a
foster-child, was referred to the hospital because of persistent
chronic diarrhea which caused deterioration by inducing a
weight loss of 10 kg in the last 5 mo (body weight 44 kg,
height 168 cm at the time of hospital admission). Clinical
examination revealed a reduced level of lipid-soluble vitamins
as well as a pathologic lactose tolerance. Abdominal
ultrasound showed edema of the small bowel mucosa. Celiac
disease was excluded by normal antibody levels against
endomysium, tissue-transglutaminase, and gliadin. Other
causes of diarrhea-like infection or laxative abuse were excluded as well. The patient had elevated liver enzymes (AST
47 U/L, ALT 57 U/L). There were, however, no signs of
a viral hepatitis (HbsAg- and anti-HBc-). Immunoglobulin
values were also normal. In order to find a cause for the
raised liver enzymes and the diarrhea, biopsies of liver and
small intestines were taken.
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Figure 1 Light microscopic findings in the liver. A: A tan-colored foamy
material is seen in conspicuous macrophages next to and in a portal tract. HE
stain ×400. B: Part of an acinus with a prominent intrasinusoidal cellular infiltration

and a microvesicular steatosis of hepatocytes. HE stain (×400). C: An
immunohistochemical staining with CD68 positive macrophages laden with the
foamy material. D: Reticulin stain (×400). No remarkable fibrosis.

Pathologic findings
Formalin-fixed, paraffin-embedded liver tissue and small
bowel biopsies were prepared for histopathologic and
immunhistochemical analyses. Ultrastuctural examination was
performed on glutaraldehyde-fixed liver tissue under the
electron microscope.
Light-microscopy in liver showed an increase of Kupffer
cells and macrophages which were found within the sinusoids
as well as in the portal tracts. The macrophages were conspicuous with the cytoplasmatic storage of foamy, tan-colored,
PAS-positive material. In immunohistochemistry, the described cell population expressed the macrophage-specific
marker CD68. The distribution of the CD68-positive
population was abundant over the whole acinus without zonal
accentuation. Additionally, a discrete parenchymal inflammatory activity with single apoptotic bodies as well as a fine
vesicular steatosis in about 40% of the hepatocytes. A discrete
pericellular fibrosis was seen in the reticulin stain (Figure 1).
The small bowel biopsies revealed single macrophages

with cytoplasmatic storage of PAS-positive foamy, tancolored material within the apical part of the villi in the
lamina submucosa (Figure 2). Ultrastructural examination
demonstrated lysosomal lipid storage in the cytoplasm of
hepatocytes and macrophages as well as the presence of
single cholesteryl ester crystals (Figure 3).
Overall, the histopathologic changes in the liver biopsy
were suggestive of CESD. Therefore, a DNA sequence
analysis of the proband’s LIPA gene was performed. The

A

B

Figure 2 Small bowel biopsy reveals single macrophages with cytoplasmatic
storage of PAS-positive foamy, tan-colored material within the apical part of the
villi in the lamina submucosa. A PAS stain is demonstrated with PAS-positive
macrophages between the arrows (cd) (×400).

Figure 3 A: Electron micrograph of liver tissue demonstrates a single cholesterol
crystal in the cytoplasm of a liver cell. B: Triglyceride droplets of varied size in
the cytoplasm of hepatocytes (×11 000).
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patient was found to be a homozygous carrier of the most
common CESD mutation, a G934A exchange affecting the
last coding base of exon 8, thereby confirming the diagnosis.
This genetic defect results in the skipping of exon 8 from
the mRNA transcript and in the loss of the internal amino
acids 254-277 from the mature enzyme. Despite the
presence of the mutation, approximately 3% of normal
splicing occurs, which ensures survival of the affected
individual[1,3].

DISCUSSION
We present the unusual case of CESD in an adult woman.
CESD is a rare condition, which is usually diagnosed during
the first or second decade of life due to the accompanying
hepatomegaly, often in combination with hypercholesterolemia, but only seldom in later adulthood[7]. Although
there is no specific treatment, alleviation can be induced by
3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA)
reductase inhibitors such as lovostatin[14-16]. In case of liver
cirrhosis, a liver transplantation is indicated[17-19].
The clinical symptoms of our patient, who suffered from
severe diarrhea and weight loss, represent a remarkable
difference from the typical disease pattern of CESD which
normally shows a liver symptomatology with early progression toward cirrhosis[1]. The patient reported about chronic
diarrhea with the onset during early childhood, so that CESD
seems to play a causal role. Accordingly, laboratory findings
showed a reduced level of lipid-soluble vitamins as a sign
of chronic malabsorption. The liver symptomatology, in
contrast, was discrete. A liver biopsy was taken because of
slightly elevated liver enzymes of unknown etiology. Histopathologic changes in the liver were characteristic for CESD,
however, a substantial fibrosis had not developed which is
reflected by the laboratory findings. This is especially
remarkable, because of the long time-period of disease
symptoms, and in comparison with other reported cases,
where severe fibrosis has been reported to be present as
early as childhood[20].
DNA sequence analysis revealed homozygosity for
a G934A mutation in exon 8 of the LIPA gene. This
nucleotide substitution results in exon skipping and the
subsequent loss of 24 amino acids from the mature enzyme.
It is the most frequent genetic defect seen in CESD so that the
mutation does not explain the unusual clinical presentation[3].
In conclusion, CESD is a very rare metabolic error and
presents with an impressing variety of clinical symptoms
which make it difficult to establish the correct diagnosis.
The patient reported here is the first case in the literature
with CESD and chronic diarrhea as the putative symptom
of CESD. We therefore conclude that CESD should be
taken into account in the differential diagnosis of chronic
diarrhea when other causes for diarrhea have been excluded.
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INTRODUCTION
Endometrial stromal sarcoma (ESS) is a rare neoplasm
comprising only 0.2% of all uterine malignancies and
15-26% of primary uterine sarcomas[1-5]. It is classified into
two distinct subtypes, low-grade and high-grade, based on
differences in morphological atypia and proliferative activity[6] .
High-grade ESS has an aggressive nature, whereas low-grade
ESS, which was formerly called endolymphatic stromal
myosis, is a slowgrowing tumor with much better prognosis[6-8].
However, approximately 50% of cases of low-grade ESS
develop recurrent disease and recurrences or metastases
are often detected many years after initial treatment[7,9]. The
common metastatic sites of low-grade ESS are the vagina,
pelvis and peritoneal cavity[10]. Herein, we describe the first
case of low-grade ESS metastasized to the sigmoid colon
three years after initial surgery.

Abstract

CASE REPORT
A 49-year-old woman presented with lower abdominal pain
of 2-wk duration. She had undergone total hysterectomy
for an alleged myoma of the uterus three years before,
which was found to be low-grade ESS at postoperative
pathologic examination. The family history was unremarkable. Physical examination showed lower abdominal
tenderness, but no abdominal mass was palpable. Laboratory
tests were normal and her serum carcinoembryonic antigen
and CA 125 levels were within normal limits. Barium enema
showed an irregular-shaped polypoid lesion in the sigmoid
colon. Total colonoscopy disclosed an unusual polypoid
tumor covered with normal-appearing mucosa with slight
vessel engorgement in the sigmoid colon (Figure 1). Biopsy
specimens from the lesion showed diffuse proliferation of
spindle-shaped cells with little nuclear atypia, resembling the
histology of previously excised uterine ESS. Computed
tomograms of the chest, abdomen and pelvis, upper gastrointestinal endoscopy and barium through of the small bowel
showed no abnormalities. Thus, the diagnosis was established
as metastatic ESS of the sigmoid colon, and sigmoidectomy
was performed. Grossly, a well-circumscribed whitish tumor
2 cm in diameter involved all layers of the colonic wall and
was associated with overlying polypoid mucosa. Microscopic
examination demonstrated that the tumor was composed
of short fascicles or sheets of monotonous plump spindle
cells with round nuclei and dispersed chromatin, which were
sometimes arranged in whorled pattern around abundant
arterioles (Figure 2). Mitotic count is below 1 in 10 highpower fields (HPF). Immunohistochemically, the neoplastic
cells were strongly positive for vimentin, estrogen and

A 49-year-old woman, who had undergone hysterectomy
for low-grade endometrial stromal sarcoma (ESS) 3 years
ago, presented with a 2-wk history of lower abdominal
pain. Barium enema and sigmoidoscopy disclosed a
polypoid submucosal tumor. Histopathologic features of
biopsy specimens from the lesion were similar to those
of the resected uterine ESS. Under the diagnosis of
metastatic ESS of the sigmoid colon, sigmoidectomy was
performed. Microscopic examination demonstrated dense
proliferation of spindle cells with little nuclear atypia, which
were sometimes arranged in whorled pattern around
abundant arterioles. Mitotic count is below 1 in 10 highpower fields. Immunohi-stochemically, the neoplastic cells
were strongly positive for vimentin, estrogen receptor and
progesterone receptor but negative for -smooth muscle
actin, S-100 protein and CD34. Thus, a final diagnosis of
low-grade ESS metastasis to the sigmoid colon was made.
Her postoperative course was uneventful and hormonal
therapy with progestational agents is entertained.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Figure 1 Colonoscopic picture showing a polypoid tumor in the sigmoid colon.
The tumor was covered with normal lining crypts, but had slightly engorged
vessels on the surface.

Figure 2 Microscopic picture of the surgical specimen showing dense proliferation
of spindle-like cells with ovoid or round nuclei, dispersed chromatin and sparse
cytoplasm, arranged in ill-defined whorls centered on small arterioles. These
showed features similar to the primary uterine low-grade ESS.

progesterone receptors (Figure 3) but negative for -smooth
muscle actin, S-100 protein and CD34. Based on these
findings, a final diagnosis of low-grade ESS metastasized to
the sigmoid colon was made. Her postoperative course was
uneventful. She was free of symptoms at the last followup, 4 mo after the abdominal surgery, with no evidence of
recurrence.

DISCUSSION
Clinical characteristics of low-grade ESS include a slow
growth and indolent disease course with a tendency for late
recurrence. One large series, the intervals before recurrence
varied from 3 mo to 23 years, with a median interval of
3 years[11]. Styron et al[12], reported a patient with recurrent
disease of low-grade ESS no less than 29 years after initial
treatment. In our case, the metastatic tumor of the sigmoid
colon was detected by colonoscopic and radiographic
examination three years after hysterectomy. Patients with
low-grade ESS almost develop recurrences or metastases
in the vagina, pelvis and peritoneal cavity [10]. The less
frequent sites were reported to be the lungs, liver, bladder,
breast, heart, brain and bones[13-17] . To the best of our
knowledge, however, low-grade ESS metastasized to the
colon has not been previously documented.
There are two discernible subtypes of ESS, based on
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Figure 3 Immunohistochemistry showing strong diffuse immunoreactivity of
the nuclei of neoplastic cells for progesterone receptor.

differences in mitotic activity: more than 10 mitotic figures
for high-grade ESS and less than 10 mitotic figures per 10
HPF for low-grade ESS[6], as observed in our case. Nuclear
atypia such as enlargement, increased and/or coarse
chromatin and conspicuous nucleoli were absent in both the
uterine and colonic lesions, distinguishing our case from
high-grade ESS[6,18]. Given the gross appearance of colonic
lesion at sigmoidoscopy, one can propose a variety of
submucosal tumors as the differential diagnosis. Most of
the mesenchymal neoplasms (leiomyoma, fibroma and
schwannoma) can be immediately excluded on the basis of
the histopathologic features[18]. However, the gastrointestinal stromal tumor (GIST) may be confused with lowgrade ESS[18,19]. The presence of short fascicles or sheets
of monotonous plump spindle cells, prominent arterioles
and perivascular whorl arrangement of the tumor cells
should argue against the diagnosis of GIST[18,19]. Finally,
immunohistochemical analysis is useful in distinguishing
between these entities, as GIST is well known to stain
diffusely for CD34 and CD117[20] and ESS exclusively for
estrogen receptor and progesterone receptor, reflecting
the high sensitivity of low-grade ESS to sex-steroid
hormones [2,3,5,18,21,22]. Again, low-grade ESS arising in the
gastrointestinal endometriosis has been rarely documented[18,19,23]. According a review in literature by Cho et al[19] ,
most of the lesions were located in the rectosigmoid
colon, which is an area of bowel having the highest incidence
of endometriosis[23]. Our patient has not suffered from
endometriosis and there was no evidence of underlying
endometriosis in the surgical specimens. Thus, the definite
diagnosis of low-grade ESS metastasized to the sigmoid
colon was made in this case.
Surgical excision is the major therapeutic procedure for
the primary low-grade ESS, but the standard treatment for
its recurrent disease including radiotherapy and chemotherapy
has not been established[16,24,25]. Some surgeons recommended
surgical cytoreduction of the ESS tumors when the extrauterine lesions were present[25,26]. On the other hand, Mansi
et al [9] , asserted that progesterone therapy should be the
treatment of first choice for relapsed low-grade ESS, because
there was resolution or stabilization of recurrent or
metastatic disease in more than 50% of patients treated
with progestational agents[12,16,27]. In this regard, immunoreactivity for estrogen receptor and progesterone receptor
should be routinely assessed in low-grade ESS, in particular

Asada Y et al. Endometrial stromal sarcoma metastasized to the sigmoid colon

manifested by recurrence[28]. Adjunct progesterone therapy
is now entertained in our patient, since the primary and
metastatic tumors showed strong and diffuse staining against
anti-estrogen receptor and progesterone receptor antibodies.
Considering highly recurrent nature of low-grade ESS,
sometimes many years later[7,9,11,12,15,22], a life-long follow-up
is necessary for this woman.
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Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins
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Abstract
To propose a new pathogenesis called Radical Induction
to explain the genesis and progression of ulcerative colitis
(UC). UC is an inflammatory bowel disease. Colonic
inflammation in UC is mediated by a buildup of white blood
cells (WBCs) within the colonic mucosal lining; however,
to date there is no answer for why WBCs initially enter
the colonic mucosa to begin with. A new pathogenesis
termed “Radical Induction Theory” is proposed to explain
this and states that excess un-neutralized hydrogen
peroxide, produced within colonic epithelial cells as a result
of aberrant cellular metabolism, diffuses through cell
membranes to the extracellular space where it is converted
to the highly damaging hydroxyl radical resulting in oxidative
damage to structures comprising the colonic epithelial
barrier. Once damaged, the barrier is unable to exclude
highly immunogenic fecal bacterial antigens from invading
the normally sterile submucosa. This antigenic exposure
provokes an initial immune response of WBC infiltration
into the colonic mucosa. Once present in the mucosa,
WBCs are stimulated to secrete toxins by direct exposure
to fecal bacteria leading to mucosal ulceration and bloody
diarrhea characteristic of this disease.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is an inflammatory bowel disease
characterized by infiltration of white blood cells (WBCs)
into the colonic mucosa resulting in tissue destruction and
recurrent bouts of bloody diarrhea. The initial inflammatory
reaction begins in the rectal mucosa in over 95% of cases
and may extend in a contiguous fashion to involve the whole
colon[1] . Often, young individuals in the prime of life are
struck with this disease whose course can be severely
debilitating, unpredictable and unrelenting. Treatment

modalities are few and unsatisfactory with total colectomy
being the only option for individuals unresponsive to the
limited medical therapy currently available.
Since the history of medically treated UC is characterized
by lifelong repeated episodes of this disease, it appears that
no currently available medical therapeutic modality is
capable of addressing the fundamental disorder present and
therefore unable to alter the natural history of this condition.
Several immunologically oriented hypotheses regarding
the etiology and pathogenesis of UC have been advanced[1].
All remain ill defined, fall short of promoting a clear
understanding of this illness and lack predictive value for
therapeutic development. These postulates provide no basis
for individual risk factor profiling and are unable to explain
the known histological, biochemical, immunological and
epidemiological abnormalities associated with this disease.
WBCs found within the colonic mucosal lining mediate
the tissue injury in active UC; however, to date there is no
satisfactory answer for why these WBCs accumulate within
the colonic mucosa to begin with. It is the purpose of this
paper to propose a new evidenced based pathogenesis
termed “Radical Induction Theory” to explain the genesis
of this initial influx of WBCs which leads to UC.
The Radical Induction Theory of UC states that excess
un-neutralized hydrogen peroxide, produced within colonic
epithelial cells as a consequence of aberrant cellular
metabolism, diffuses through cell membranes to the
extracellular space where it is converted to the highly
damaging hydroxyl radical, which is capable of causing
extensive oxidative damage to structures responsible for
maintaining the colonic epithelial barrier function.
Once damaged, the epithelial barrier is no longer able to
exclude highly immunogenic fecal bacterial antigens from
invading the normally sterile submucosal tissue. This antigenic
exposure provokes an initial immune response consisting
of WBC infiltration into the colonic mucosal surface in an
attempt to “plug the hole” and prevent systemic bacterial
invasion and fatal sepsis. Once present within the mucosa,
WBCs are stimulated to secrete toxic substances by direct
exposure to high concentrations of fecal bacteria leading to
mucosal ulceration and bloody diarrhea characteristic of
this disease.

BACKGROUND
It is perhaps among the greatest physiological wonders of
evolution that the most highly evolved immune system ever
engendered can remain unperturbed while surrounding the
highest concentration of bacteria on the planet, separated
only by a tenuous sheet of tissue one cell thick.
This unlikely truce describes the living conditions of
the normal human colon where the luminal concentration
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of potentially pathogenic bacteria is estimated to be 10 12
(one trillion) colony-forming units (viable bacterial cells) per
gram of colonic contents[2] .
Previous attempts at creating an animal model of UC
have met with limited success. No current animal model is
perfect[3] and experimental attempts to create an animal
model of human UC using rectal instillation of toxic
chemicals are inherently limited in their ability to faithfully
reproduce the disease due to complex psychological,
physiological, genetic, environmental and immunological
interactions that antecede and contribute to the pathogenesis
of this condition in humans[2] .
What is clear from animal studies is that the integrity of
the colonic epithelial surface barrier is paramount in
maintaining immune quiescence within the colonic tissues
and preventing the colonic immune system from mounting
an immune response to the high concentration of bacterial
antigen that is poised to invade the normally sterile subepithelial environment.
Cellular mechanisms involved in maintaining the integrity
of the colonic surface barrier function may therefore be
compromised early on in the pathogenesis of UC.
Dysfunction of a vital process required to maintain mucosal
integrity must therefore be an early and necessary part of a
sequential series of events ultimately leading to deterioration
of epithelial barrier function with subsequent mucosal
immune activation secondary to antigenic penetration into
the normally sterile colonic sub-mucosal tissues.
In other words, the additive effects of abnormal cellular
stressors focused on a common biochemical pathway are
acting in concert to disrupt an intracellular biochemical
process that contributes a required function necessary for
maintaining colonic surface barrier integrity.
The high incidence (over 50%) of spontaneous
improvement and relapse seen in UC[4] suggests a reversible
disruption and the possibility of a self-replenishing depletion
syndrome affecting a crucial element required for mucosal
integrity.
In 1951 Science published an article entitled “A New
Concept of the Pathogenesis of Ulcerative Colitis”[5]. In
this seminal publication, the authors demonstrated that
patients with UC have either completely absent or severely
damaged colonic epithelial basement membranes (BMs).
An important observation was that total destruction of BM
was seen in the absence of any mucosal inflammation (no
WBCs present) and in many areas the BM was noted to be
“thinned out”. The authors ascribed an important
pathogenetic role to the BM destruction seen in colonic
biopsy samples of their patients with UC.
The first real clue came from initial observations
that BM was destroyed in areas uninvolved in active
inflammation[5,6]. It was already known that UC was an
inflammatory condition with infiltration of WBCs
(neutrophils) into the mucosal lining of the colon and that
these WBCs were capable of causing inflammation and
tissue damage. However, the presence of damaged BM in
tissue areas without inflammation suggested that a prior
process anteceded the WBC involvement.
The presence of “thinned out” BM suggested that a
gradual, non-immune mediated, erosion had taken place.
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The authors also noted sections of epithelium which had
“sloughed” away from seemingly intact BM. This suggested
that the epithelial cells themselves played a role in the process
that led to the BM alterations and their own (epithelial cell)
detachment from the BM. It also suggested that this process
began in the interface between the BM and epithelium. Since
BM regeneration was noted after successful treatment, it
appeared that the process could be halted and reversed.
What this process was and what effector molecules, if any,
were involved could not be determined from histological
studies alone, and in 1951 there was no animal model of
UC to experiment with. However, there was a human model
of this disease readily available for study which provides a
second clue.
The second clue came from a series of case reports
from dedicated clinicians over the span of several decades.
For many years during the 20th century, hydrogen peroxide
(H2O2) enemas were routinely employed and recommended
by physicians for the evacuation of fecal impactions.
However, in the 1930s reports began to surface regarding
the development of rectal bleeding and colitis subsequent
to the use of hydrogen peroxide enemas[7]. A fatal case of
UC subsequent to hydrogen peroxide enema was first
recorded in 1948 [8]. In 1951, Pumphery reports severe
ulcerative proctosigmoiditis following hydrogen peroxide
enemas in two patients[9].
In 1960 Sheenan and Brynjolfsson [8] were able to
reproduce acute and chronic UC by rectal injection of rats
with a 3% solution of H2O2. This was the first animal model
of UC and it mirrored the effects of human UC. Microscopic
examination of killed rats revealed colonic mucosal
ulceration and WBC (neutrophilic) infiltration, which was
“sharply delineated from adjacent normal mucosa”. The
mucosal inflammation extended proximally over time.
It was noted that, in surviving rats, most of the mucosal
ulcerations were healed by 10 wk with the exception of
some ulcers which “were located almost always in the left colon
a few centimeters above the anus”. These three observations
(sharp inflammatory tissue delineation from normal tissue,
rectal inflammatory persistence and contiguous proximal
extension) are also characteristic of human UC.
Despite the demonstrated adverse effects of hydrogen
peroxide it continued to be used as an enema and, in 1981,
Meyer reported three cases of acute UC after administration
of hydrogen peroxide enema and stated that “acute ulcerative
colitis appears to be a fairly predictable occurrence after
hydrogen peroxide enemas”[10]. Even small amounts of
hydrogen peroxide could cause human UC as was reported
by Bilotta and Waye in 1989 [11] after experiencing an
epidemic of hydrogen peroxide-induced colitis in the GI
endoscopy unit at their institution due to the inadvertent
instillation of hydrogen peroxide during colonoscopy. These
results indicate that, when in contact with the colonic
mucosa, small amounts of hydrogen peroxide can, in
predisposed individuals, produce a clinical and histological
picture, which is indistinguishable from spontaneously
occurring primary idiopathic human UC.
The data presented thus far reveals that epithelial cell
“sloughing” (detachment) from BM and BM erosion (in
non-inflamed areas only populated by colonic epithelial
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cells) are fairly characteristic histological findings in UC
suggesting that epithelial cells play a role both in their
own detachment and in BM erosion. Additionally, clinical
reports and experimental results reveal that UC is a “fairly
predictable” occurrence when hydrogen peroxide comes in
contact with rectal epithelium.
The third and final clue tying histological observations
of Levine and Kirsner with the adverse clinical effects of
hydrogen peroxide enemas came by way of biochemical
studies undertaken by investigators in the early 1970s, which
demonstrated that mammalian cells are constantly generating
hydrogen peroxide as a byproduct of normal aerobic
metabolism[12].

WHAT IS HYDROGEN PEROXIDE?
Hydrogen peroxide is a colorless, highly damaging oxidizing
agent, a powerful bleaching agent; used for wastewater
treatment, and as an oxidant in rocket fuels. H 2O2 has a
ubiquitous presence in cells and is continuously being
generated by the plasma membrane, cytosol and several
different sub-cellular organelles including peroxisomes,
endoplasmic reticulum, nucleus and by almost 100 enzyme
systems[12-15] . Under normal conditions, 90% of H2O2 is
generated as a toxic by-product of mitochondrial electron
transport chain (ETC) respiratory activity [14,16]. The
mitochondrial ETC is a series of proteins that channel the
flow of electrons derived from ingested food into the
synthesis of adenosine triphosphate (ATP), which is used
as a chemical energy source for all energy requiring cellular
processes.
The transfer of electrons through the ETC, however, is
not perfect. Up to 5% of electrons do not make it all the
way through the chain and fail to combine with oxygen to
produce water [17-19]. These “leaked” electrons combine
directly with molecular oxygen in the immediate vicinity,
instead of the next carrier in the chain, to form the
superoxide (O2-·) radical[20]. It is estimated that under normal
conditions 2% of available oxygen is converted to superoxide
by ETC “leakage”[21].
Superoxide spontaneously dismutates to H 2O 2 or
undergoes enzymatic conversion to H2O2 at the site of
production within mitochondria by the enzyme superoxide
dismutase (SOD) (EC 1.15.1.1)[12,14,17]. Complex I and III, of
the ETC, are the source of electron leakage leading to the
eventual intracellular generation of hydrogen peroxide[22,23].
H2O2 is long lived and highly biomembrane permeable
and must be immediately neutralized at the site of production
to prevent diffusion throughout the cell or to the extracellular
space[12]. Sophisticated enzyme systems exist expressly for
this purpose. These H2O2 neutralizing anti-oxidant enzymes
are catalase (E.C. 1.11.1.6) and glutathione peroxidase (GPx,
E.C. 1.11.1.9) with GPx responsible for 91% of H2O 2
consumption[24]. If allowed to accumulate H2O2 will diffuse
from its site of production and generate hydroxyl radical
(·OH), which is the most damaging and chemically reactive
radical formed in cellular metabolism. Hydroxyl will
indiscriminately destroy everything it encounters[17,25,26]. The
hydroxyl radical is principally responsible for the cytotoxic
effects of oxygen in animals[25].
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The iron catalyzed Haber-Weiss reaction (O2-·+Fe+3 →
O2+Fe+2), followed by (Fe+2+H2O2→Fe+3+HO¯+HO·), is
considered to be the major mechanism by which the highly
reactive hydroxyl radical is generated[27]. Molecules interacting
with hydroxyl radicals sustain severe damage to the extent
that the hydroxyl radical is able to crack polysaccharides;
nucleic acids and proteins[25]. H2O2 is also able to peroxidize
and destroy lipids that make up cell biomembranes[28].
Detoxification of hydrogen peroxide, the immediate
precursor to hydroxyl radical, therefore is crucial to normal
cellular function and survival.

MECHANISM OF DISEASE
The above data suggests a link between intracellular hydrogen
peroxide production and UC. Since exogenously applied
hydrogen peroxide can cause UC in humans, and colonic
epithelial cells produce hydrogen peroxide, is it reasonable
to speculate that excess hydrogen peroxide generated by
colonic epithelial cells may be causing UC? How this may
come about is suggested by the histological work of Levine
and Kirsner (above) which hints of an extracellular process
in the epithelial cell/BM interface causing epithelial cell
detachment by erosion of subjacent anchoring BM and
destruction of apical intercellular tight junctions (TJs).
Together, these two bits of data suggest that colonic epithelial
cells produce excess hydrogen peroxide, which exits the cell
causing oxidative damage to BMs and TJs, which are
structures responsible for physical epithelial integrity and
barrier function. The resulting destruction of the epithelial
barrier allows luminal bacterial antigens to enter the normally
sterile submucosal layers of the colonic wall itself initiating
an immune response leading to UC.
For hydrogen peroxide to be considered a primary
etiologic agent in the pathogenesis of UC, a logical
pathogenetic chain of events should be demonstrable starting
from the generation of H2O2 within sub-cellular organelles
to the eventual development of UC. H2O2 should possess
distinct physicochemical attributes that render it uniquely
qualified, to the exclusion of other agents, to induce UC.
In effect it must be demonstrated that H2O2 can be
produced in excess in colonic epithelial cells and this leads
to UC. H 2O 2 must also be capable of exiting colonic
epithelial cells and be the source of damage to colonic barrier
function structures (BMs and TJs), whose disintegration is
important in the development of UC. Finally, in order to
have clinical relevance it follows that conditions associated
with UC must lead to excessive hydrogen peroxide within
colonic epithelial cells. UC associated intracellular
abnormalities such as impaired beta oxidation and neoplastic
transformation should also be readily explainable. The
following sections address these concerns.
1. Can H 2O 2 be produced in excess within colonic
epithelial cells and does this cause UC? The answer came
by way of genetic studies of knockout mice. These are
mice that are genetically engineered with a deletion of a
certain gene in order to isolate and study its effects.
Knockout mice rendered genetically devoid of GPx (the
main hydrogen peroxide neutralizing enzyme) spontaneously
develop a crypt destructive colitis (mucosal inflammation -
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similar to human UC) as early as 11 d of age with extension
to the proximal colon by d 15[29]. This indicates that, when
the biological enzyme system needed to neutralize hydrogen
peroxide is hindered, the resulting increase in un-neutralized
colonic epithelial intracellular hydrogen peroxide can lead
to UC.
2. Can hydrogen peroxide egress from the cell? This is
important since H2O2 would need to exit the cell in order to
cause the severe BM damage seen during histological
examination of affected colonic tissue. It turns out that
hydrogen peroxide is freely and highly permeable through
biological membranes[12] enabling its diffusion out of the
cell from any site of excess production within the cell. H2O2
therefore is capable of reaching both the extracellular BMs
and TJs from any intracellular location. H2O2’s proportionately
variable production as a coupled consequence of fundamental
cellular metabolic processes plus its ability to pass through
biomembranes and produce damaging oxygen radicals far
from its site of generation is a unique combination of
properties not possessed by any other substance.
3. Can hydrogen peroxide damage BMs and TJs? It has
been reported that extracellular hydrogen peroxide can
severely damage BMs, TJs and colonic epithelial cell
membranes by producing hydroxyl radical via a metal
catalyzed Haber-Weiss reaction. Hydroxyl radical is able to
damage proteins in BMs and TJs by cleavage of peptide
bonds, formation of intra- and inter-molecular cross-linkages
and oxidation of amino acids[14,30,31]. The mechanism has
been identified as a site-specific metal ion catalyzed oxidative
damage and cleavage of amino acids and peptide bonds by
hydroxyl radical. The in vivo source of all hydroxyl radical was
identified as endogenously generated hydrogen peroxide[32].
H2O2 can therefore disintegrate the micro-anatomical GI
barrier structures that maintain epithelial integrity (BMs and
TJs). Hydroxyl radical oxidizes and destroys everything it
encounters resulting in microscopic alterations, which
increase mucosal permeability allowing penetration of
luminal proteins and antigens[31,33-38] .
Using a well-characterized model of BM, Riedle and
Kerjaschki[31] evaluated the in vitro effects of hydrogen
peroxide induced changes on interstitial matrix proteins and
the consequences for the integrity of the BM/matrix network.
The authors documented significant disintegration of
matrix structure with 15% of matrix proteins being released
into the incubation medium. This corresponded to seven
times that was seen in control conditions without hydrogen
peroxide. Importantly, extensive oxidative damage of
individual amino acid residues (tryptophan) was noted
without any morphological change to the BM/matrix
network. The hydrogen peroxide-derived hydroxyl radical
was found to be the main reactive oxygen species responsible
for matrix protein disintegration. Laminin, a major BM
structural protein, was also released from BM when incubated
with low concentrations of hydrogen peroxide.
Hydrogen peroxide infused into rat renal artery produced
local H2O2-derived oxygen radicals and subsequent marked
glomerular protein leak suggesting an increased porosity of
the glomerular BM secondary to oxidative damage of its
constituent proteins[35].
In addition to BM damage, hydrogen peroxide-derived
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oxygen radicals are also able to disrupt colonic epithelial
TJs. TJs are composed of thin bands of plasma-membrane
proteins that completely encircle the apical (luminal) region
of colonic epithelial cells and are in contact with similar
thin bands on adjacent cells. These intercellular protein
junctions fasten adjacent epithelial cells together forming a
sealing gasket, which prevents the passage of most dissolved
molecules and bacterial antigens from one side of the
epithelial sheet to the other.
Since only a single layer of colonic epithelial cells
separates the bacterial laden luminal contents from the
subjacent lamina propria, the epithelial TJ constitutes the
major primary barrier that prevents luminal bacterial antigens
from gaining access to the effector immune cells and
vasculature in the normally sterile lamina propria[39]. Thus,
the intestinal barrier function relies primarily on the tightness
of the epithelial layer to maintain impermeability with
sub-epithelial layers contributing a minor function[37] .
Hydrogen peroxide, at a low concentration of 0.2 mmol/L,
was reported to increase in vitro epithelial monolayer permeability
by disrupting paracellular junctional complexes [37]. In
experiments to assess the effect of hydrogen peroxide on
intestinal permeability, Grisham et al[38] found a significant
increase in mucosal permeability after in vivo perfusion of
rat intestine with hydrogen peroxide. Altered epithelial
permeability is also a consistent effect of hydrogen peroxide
in other tissues including endothelial and renal cell lines[33].
In studies to determine the in vitro effect of oxidative stress
on TJ integrity, Parrish et al[36] studied the effect of chemically
induced oxidative stress on the E-cadherin/catenin protein
complex, which is the principal intercellular TJ (zonula
adherens) anchoring protein. The authors bathed precision
cut rat liver slices with non-lethal concentrations of oxidant
chemicals (diamide and t-butylhydroperoxide), which
penetrate the hepatocytes and oxidize both intracellularreduced glutathione and NADPH. This depletes available
glutathione stores and prevents the regeneration of reduced
glutathione. This causes oxidation from both these added
chemicals and any endogenously generated hydrogen
peroxide. The authors found that this level of oxidative
stress disrupted the E-cadherin/catenin cell-adhesion protein
complex of the TJ.
4. Are BMs and TJs important in the pathogenesis of
UC? BMs together with colonic epithelial cells and the TJs
that bind them together are the micro-anatomical structures
that comprise the gastrointestinal barrier, which prevents
fecal bacteria from entering the sterile deeper layers of the
colonic tissue and gaining entrance to the blood stream.
In an early study, BMs were found to be absent or
severely damaged in UC[5] . In a subsequent report of 29
patients with UC, Jacobson and Kirsner[6] reported either
completely destroyed or fragmented BM in all subjects. Of
note was the observation of “thinned” out sections of BM
consistent with a diffusible agent such as H2O2 causing
membrane dissolution.
The authors also point out that destruction of BM was
noted in the absence of leukocytic infiltration, which is also
consistent with a diffusible agent of non-leukocytic (i.e.,
colonic epithelial cell) origin.
Colonic epithelial BM structure and function was also
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found to be seriously disturbed in active cases of UC. In a
study to determine the integrity of BM in active UC,
Schmehl et al, found no positive immunoreactivity for BM
laminin in affected colonic tissue. The authors concluded
that the three-dimensional network of colonic epithelial BM
and its function is seriously disturbed in active UC[40].
Using alternating current impedance analysis Schmitz et al
[34]
found that epithelial resistance in UC is strongly impaired
and that this barrier defect was paralleled by a decrease in
TJ strand count.
Employing immunostaining with anti-human E-cadherin
and catenin antibodies, Karayiannakis[41] determined that
E-cadherin expression was reduced in all cases of active UC
but in none of the inactive cases. (The E-cadherin/catenin
protein complex is the primary intercellular TJ (zonula
adherens) anchoring protein.).
Altered a-catenin was also seen in all cases of active
UC but was not altered in any case with inactive disease.
Importantly, epithelial cells adjacent to mucosal ulcers
showed loss of E-cadherin and a-catenin, while epithelial
cells distant from the mucosal margin revealed normal
E-cadherin and a-catenin expression. The authors found
that altered E-cadherin always coexisted with abnormal
a-catenin. This is consistent with an advancing margin of a
diffusible agent which is disrupting the E-cadherin/catenin
complex within the TJ.
TJ disruption was also found to correlate with the
progression of UC. In studies employing immuno-cytochemistry,
Western blotting and in situ hybridization, Jankowski found
a strong correlation between E-cadherin disruption and the
progression of UC[42]. The authors showed that as disease
activity progresses both cytoplasmic and membranous Ecadherin expression are lost. The authors propose that
normal E-cadherin function is essential for the maintenance
of normal colorectal epithelium.
In agreement with the above studies, results are obtained
with genetically engineered chimeric mice expressing
enterocytes with either normal or non-functional cadherin.
Mice expressing non-functional cadherin developed an
inflammatory bowel disease with histological similarities
to human UC, including cryptitis, crypt abscesses and a
neutrophilic infiltrate.
These inflammatory changes were confined to foci of
epithelium expressing non-functional cadherin, confirming
the absence of an autoimmune response[43,44].
If extracellular hydrogen peroxide, originating from
intracellular sources, is a causative factor in the breakdown
of colonic barrier (TJ) function, then an increase in epithelial
permeability should be an early manifestation in UC.
Furthermore, these early permeability lesions should be
macroscopically normal and occur in intact epithelium since
the neutrophilic inflammatory process has not yet begun.
Gitter et al[45] found such early permeability increases in
colonic tissue obtained from individuals with early (Truelove
I) UC. The authors found that in seemingly intact epithelium
there was a 35% increase in conductivity (ionic permeability)
in early/mild (Truelove I) UC tissue samples with a 300%
permeability increase in tissue samples showing a moderate
to severe inflammation. These areas of early permeability
increases correlated with foci of colonic epithelial apoptosis.
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Both of these effects (i.e., increase in epithelial permeability
and induction of apoptosis) are known consequences of
tissue exposure to hydrogen peroxide[33]. This is in agreement
with permeability studies in animal models of UC, which
demonstrated an increase in colonic mucosal permeability
to tracer molecules prior to the appearance of a visible
inflammatory process[46] .
5. Are conditions that enhance production of hydrogen
peroxide also associated with UC? Elevated levels of
intracellular hydrogen peroxide can result from increased
production or decreased neutralization. H2O2 originates
from two main intracellular sources. One is the mitochondrial
ETC and the other is the total sum metabolic activity of
nearly 100 oxidase enzymes distributed within most subcellular organelles and cytosol[12-15,17,47,48]. H2O2 neutralization
is mainly accomplished via the enzymatic action of GPx
(E.C. 1.11.1.9) in conjunction with the anti-oxidant tri-peptide
co-factor glutathione (GSH-reduced). Selenium is a required
active-site co-factor for GPx enzymatic function. Oxidized
glutathione (glutathione disulfide, GSSG) is converted back
to the cytoprotective reduced state via the enzymatic activity
of glutathione-disulfide reductase (GDR) (E.C. 1.8.1.7formally E.C. 1.6.4.2.), with electrons supplied by NADPH
which itself is generated by the pentose phosphate pathway
(PPP). The chemical equation for H2O2 neutralization and
glutathione regeneration is as follows:
2GSH+H 2O 2

GPx
GSSG+2H 2 O
Selenium
GDR
NADPH

Cytoprotective (reduced) intracellular glutathione is the
main reducing agent available to colonic epithelial cells to
neutralize hydrogen peroxide. Although other redox couples
such as cysteine:cystine, NAD+:NADH, NADP+:NADPH
and reduced:oxidized thioredoxin participate in the
maintenance of the required intracellular reduction state
critical to metabolic function, the glutathione redox couple
(GSH:GSSG) is a two to four orders of magnitude more
abundant than any other redox couple[49].
Glutathione also serves as a common reducing agent
for other redox couples[49] and accounts for over 90% of
intracellular H2O2 neutralization (catalase contributes a small
amount to overall H2O2 neutralization). Glutathione is
therefore the main supplier of reducing equivalents and a
reliable indicator of the redox state of cells.
Intracellular H2O 2 can thus be abnormally elevated
secondary to increased production or impairment of any
element or action required for its neutralization. The
following sections illustrate this concept.

INCREASED H 2 O 2 PRODUCTION
Increased oxidase enzyme activity
Oxidase enzymes utilize molecular oxygen as an electron
accepting co-factor necessary for the enzymatic reaction to
proceed. H2O2 is produced as an end by-product of these
reactions. Thus, increased oxidase enzymatic activity can
contribute to the generation of intracellular hydrogen
peroxide. UC has been reported subsequent to the
administration of certain xenobiotics (i.e., vitamin B-6)[50].
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Vitamin B-6 is metabolized by pyridoxine 4-oxidase (EC
1.1.3.12), which generates H2O2 as a by-product.
Increased electron transport activity
UC can develop subsequent to hyperthyroidism [51-55] .
Hyperthyroidism is known to enhance ETC activity, which
increases hydrogen peroxide generation. On the other hand,
cigarette smoking, which inhibits ETC activity, is protective.
Studies quantifying the effect of cigarette tar on mitochondrial
electron transport activity report an 82% inhibition rate on
whole chain respiration[56], whereas cessation of cigarette
smoking (which releases ETC inhibition) is a powerful risk
factor for the development of UC[2,57-59] .
Colonocyte ETC activity can become a source of excess
H2O2 if subjected to hypoxia and sudden re-oxygenation[60].
This process of hypoxia and re-oxygenation increases the
activity of the ETC due to the interim accumulation of
reducing substrate resulting in increased production of
hydrogen peroxide. Local colonic hypoxia/reoxygenation can
be caused by stress. The following section reviews mechanisms
of stress-related increases in colonocyte H2O2.
Psychological stress
Psychological stress has long been recognized as an
exacerbating factor for UC. Dr. Burrill Crohn was well aware
of the psychological effects of stress on UC when, in the
first issue of Gastroenterology in January 1943, he reported
the appearance of acute UC in a 16-year-old girl following
a criminal rape, noting that “the psycho-somatic aspect of
this case was particularly significant”[61].
During the 1950s, practitioners noticed the onset and/or
exacerbation of UC commonly occurring subsequent to
emotional disturbances[62-64]. Early observations of severely
emotionally disturbed individuals with UC reported resolution
of the latter when the former was treated[65,66].
More recently an association has been reported between
stress and UC disease activity[2,67]. Up to 40% of patients with
UC report psychological stress as an exacerbating factor[68] .
Life stress has been reported to be associated with both
objective and subjective aspects of activity in UC[67] and
high long-term stress was found to triple the risk of disease
exacerbation[69]. The importance of stress as an initiating
factor can be seen in the cotton-top tamarin, a small monkey
found only in northwest Columbia that spontaneously
develops colitis when deprived of its native habitat while in
captivity. Affected animals will enter remission when
transferred to natural conditions indicating that the effects
of stress can be reversed[70].
The molecular basis of stress-induced exacerbation of
UC can be correlated to both increased H2O2 production
and decrease H2O2 neutralization secondary to the effect
of stress on electron transport activity and cellular enzyme
systems. These mechanisms may find expression either
through systemic or local effects of stress on the colon as
discussed below.
1. Acute systemic psychological stress increases the amount
of systemic circulating biogenic amines (catecholamines),
such as serotonin, epinephrine, nor-epinephrine and
dopamine[71]. Mono-amine oxidase (EC#1.4.3.4), an enzyme
present on the outer surface of mitochondria within colonic
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epithelial cells, catalyzes the oxidative deamination of both
exogenous xenobiotic amines (i.e., medications) as well as
endogenous catecholamine stress hormones and in the
process reduces molecular oxygen to hydrogen peroxide[20].
The reaction catalyzed is RCH2+H2O+O2→RCHO
+NH3+H2O2.
Stress therefore may increase H2O2 levels by providing
additional metabolic substrate (endogenous catecholamines)
for mono-amine oxidase. Thus, individuals with genetically
diminished anti-oxidant (reductive, H2O2 neutralizing)
capacity are at greater risk of developing UC when exposed
to acute stressful events.
2. Chronic systemic psychological stress, such as
depression, has been associated with circulating increased
nor-epinephrine levels[71]. Depression has been reported to
precede the onset of UC significantly more often than
expected[72]. Depressive stress and anxiety, however, were
found to be significantly more common after the appearance
of Crohn’s disease[73]. This suggests that physiological alterations
present in depression contribute to the appearance of UC
in contrast to Crohn’s disease where depression may be a
psychological reaction to the appearance of the disease.
Chronic depression, therefore, may result in significant
long-term increases in circulating endogenous catecholamine
levels, which may elevate intracellular colonocyte H2O2 when
metabolized via mono-amine oxidase. Chronically depressed
individuals with marginal anti-oxidant capacity needed to
neutralize this excess H 2O 2 are at increased risk for
development of UC.
3. Local colonic perfusion/reperfusion (hypoxia/
reoxygenation) can result from the effects of psychological
stress on the colon. Stress-induced colonic spasm may result
in local hypoxia and re-oxygenation, which can lead to oxygen
deprivation of dozens of oxidase enzymes such as xanthine
oxidase (XO)[74-76]. In a seminal study, Almy and Tulin[77]
directly observed the effects of stress on the colonic mucosa
of seven healthy volunteer medical students.
The students were fitted with a metal helmet containing
18 large screws that could be tightened against the head to
produce a painful distressing headache lasting 30 min during
which time visual colonoscopic evaluation of the sigmoid
colon was recorded. In each case the authors visualized severe
colonic spasm, which was sufficient to occlude the lumen.
Marked mucosal hyperemia and engorgement with intermittent
blanching and flushing (perfusion/reperfusion) was also
noted. During periods of maximum engorgement, gentle
movement of the proctoscope caused a superficial injury
with hemorrhage. Nausea often accompanied visualized
episodes of colonic spasm. This study indicates that stress
can cause severe alterations in colonic function and
predispose to colonic hypoxia and reoxygenation (perfusion/
reperfusion) injury (sequential blanching and hyperemia with
mucosal engorgement). Thus, local stress-induced colonic
spasm is mediated via the enteric nervous system, which
results in spastic contraction of colonic smooth muscle
leading to transient local tissue hypoxemia with subsequent
reoxygenation upon colonic smooth muscle relaxation.
XO is a prototypical example of an oxidase enzyme
that is affected by perfusion/reperfusion-induced oxygen
deprivation. XO catalyzes the conversion of hypoxanthine
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to uric acid and in the process reduces molecular oxygen to
hydrogen peroxide. During hypoxia, XO activity is
significantly reduced due to unavailability of oxygen needed
as an electron-accepting co-factor for the enzymatic
conversion (oxidation) of hypoxanthine to uric acid. When
oxygen is reintroduced (re-perfusion), an increased substrate
load leads to increased hypoxanthine metabolism and
hydrogen peroxide production. Stress-induced perfusion/
re-perfusion, therefore, results in additional H2O2 due to
increased metabolism of oxidase enzyme substrate which,
after having accumulated during hypoxemia, undergoes
amplified metabolism upon re-oxygenation with concomitant
increases in hydrogen peroxide. Pre-treatment of mice with
allopurinol (XO inhibitor) prior to experimentally induced
colonic ischemia/reperfusion significantly attenuated
leukocyte adhesion to colonic submucosal endothelium[78].
Thus, in this model of murine colitis, inhibition of XO
significantly reduces WBC endothelial adhesion, a crucial
early step which is likewise present in the development of
human UC[79].
Stress-induced colonic smooth muscle spasm with
hypoxia/re-oxygenation can also increase colonocyte
electron transport activity with concomitant increases in
H2O2. Rectal epithelial cells possess an ETC, which can
become a source of excess H2O2 if subjected to hypoxia
and sudden re-oxygenation[60].

DECREASED HYDROGEN PEROXIDE
NEUTRALIZAT ION
Decreased glutathione peroxidase activity
Hydrogen peroxide is metabolized via the enzymatic action
of GPx, a selenium containing enzyme, which utilizes the
anti-oxidant tri-peptide co-factor glutathione to neutralize
intracellular H2O2. Genetic conditions which inhibit GPx
or decrease glutathione availability will lead to increased
hydrogen peroxide levels. Genetic research by Cho
uncovered the existence of a “pathophysiologically crucial
IBD susceptibility gene” located on the small arm of human
chromosome 1 (1p36)[80,81] . This genetic locus codes for
two enzymes that exert control on intracellular H2O2.
One is methylenetetrahydrofolate reductase (MTHFR,
EC 1.5.1.20), which is a main regulatory enzyme of
homocysteine metabolism[82,83]. Molloy has reported that
17.5% of individuals with UC possess a polymorphic variant
of the MTHFR gene vs 7.3% of controls[84]. Polymorphic
variants of MTHFR result in an elevation of serum
homocysteine levels[83]. Nagano has shown that children with
UC have elevated serum homocysteine levels and concludes
that elevated homocysteine may be associated with the
underlying basic pathophysiology of the disease[85]. Markedly
elevated levels of tissue homocysteine have also been
reported in colonic mucosa of individuals with UC[86].
Elevated homocysteine will increase hydrogen peroxide
production by several mechanisms.
Hydrogen peroxide is generated during the oxidation of
homocysteine to homocystine[82,87]. Homocysteine also
increases levels of the enzyme SOD[88]. SOD catalyzes the
conversion of superoxide anion to hydrogen peroxide and
increased activity of this enzyme will result in greater

2377

hydrogen peroxide generation. Homocysteine has been
reported to inhibit GPx activity[87] by 10-fold. This epistatic
inactivation of GPx will increase hydrogen peroxide levels
and inhibition of GPx was shown to occur at physiologic
(9 mol/L) concentrations of free homocysteine[89].
Decreased 6-phosphogluconate dehydrogenase activity
A second enzyme located at this locus (1p36.3) is 6phosphogluconate dehydrogenase (PGD) (EC 1.1.1.44).
PGD is one of only two enzymes in the PPP, which are
responsible for production of NADPH, which is crucial
for the reduction of glutathione disulfide (GSSG) back to
reduced glutathione (GSH) in order to neutralize the
continuous production of H2O2 being generated within the
cell. Without NADPH to regenerate reduced glutathione,
intracellular enzymes would suffer irreversible oxidative
damage from excess hydrogen peroxide and cellular function
would cease in minutes as apoptosis is triggered. The PPP
is the engine that drives H2O2 neutralization and there is no
backup system. PGD exists in several polymorphic forms
with decreased activity ranging from 22% to 79% of
normal [90-94]. Decreased levels of glutathione have been
reported as a result of a PGD polymorphic enzyme[95].
The phenotypic expression of both these genes supports
Cho’s conclusion of a pathophysiologically crucial IBD
susceptibility gene located at 1p36. PGD activity is also
lowered by exogenous factors, i.e., antibiotics, dietary fat
and ageing[96-98]. Studies of normal appearing colonic mucosa
report significant inter-individual variation of enzymes
involved in glutathione synthesis and metabolism [99] .
Individual variation was considerable at 8-fold for
glutathione-S-transferase, 10 fold for GPx, 14-fold for
gamma-glutamyl-transpeptidase and 5 fold for gammaglutamylcysteine synthetase.
These large enzyme variations directly or indirectly affect
intracellular glutathione concentrations which itself shows
a 16-fold variation between individuals placing certain
individuals at the very lowest range of H2O2 neutralizing
capability.
Decreased glucose-6-phosphate dehydrogenase activity
Epinephrine has been shown to stimulate H2O2 release
by macrophages and to inhibit glucose-6-phosphate
dehydrogenase (G-6-PD, EC 1.1.1.49)[100] . G-6-PD is a
crucial enzyme in the PPP, which produces NADPH
needed to regenerate reduced glutathione, which is crucial
in order to neutralize (reduce) H2O2. Inhibition of this
enzyme by circulating epinephrine during stressful events
reduces the amount of NADPH generated by the PPP,
which may lead to increased intracellular H2O2 levels.
Therefore, conditions of sustained stress can increase the
concentration of circulating endogenous catecholamines and
boost production of hydrogen peroxide by rectal epithelial
cells by either direct production of H2O2 or reduction in
NADPH needed for H2O2 neutralization.
Increased cytochrome P450 enzyme activity
The cytochrome P450 enzyme system is responsible for
the majority of oxidation reactions of drugs and other
xenobiotics[101]. One study reports that 56% of over 300
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drugs tested are metabolized via the cytochrome P450
(CYP) family of oxygenase enzymes present in the
endoplasmic reticulum[102]. CYP is mostly found in the liver
but is also present in the intestine. A typical CYP catalyzed
reaction is as follows:
NADPH+H++O2+RH→NADP++H2O+R-OH.
This reaction consumes NADPH, which is also used in
regeneration of reduced glutathione required to neutralize
H 2O 2. Excessive NADPH utilization in predisposed
individuals with marginal anti-oxidant capacity may
contribute to increased H2O2 levels and the development
of colitis associated with certain drugs.
In a prospective cohort study, Jowett[103] found that
individuals who consumed the most alcohol tripled their
risk of UC relapse compared to those who drank the least.
After ingestion, alcohol is distributed to all cells of the body
including the rectal epithelial cells. Alcohol is enzymatically
converted to acetaldehyde by alcohol dehydrogenase. The
acetaldehyde is enzymatically converted to acetic acid by
aldehyde dehydrogenase. Both of these cytosolic enzymes
utilize NAD+ to oxidize their respective substrates and generate
NADH that normally serves as an electron donor to the ETC.
The increased availability of NADH can activate the ETC
and generate excess hydrogen peroxide[104,105].
Alcohol can also be metabolized in the endoplasmic
reticulum by cytochrome P450 2E1 depleting NADPH
needed for glutathione regeneration. Alcohol, thus, generates
H2O2 and decreases production of glutathione needed for
neutralization of hydrogen peroxide.
Alcohol inhibits GPx, a crucial enzyme that neutralizes
H2O2, and depletes mitochondrial glutathione[104]. Glutathione
is not synthesized within mitochondria and must be transported
from the cytosol into mitochondria through mitochondrial
membranes. Alcohol inhibits active transport of glutathione
into mitochondria[106,107] leading to mitochondrial depletion
of glutathione and H2O2 accumulation.
A relationship exists, therefore, between UC and conditions
that enhance H2O2 production. Furthermore, significant
genetic variability in H2O2 neutralizing capacity confers
greatest risk of developing UC to those individuals with
genetically low H2O2 neutralizing capacity and co-existence
of any of several conditions provoking increased production
of H2O2. Figure 1 illustrates this concept.
6. Is impaired beta oxidation and neoplastic transformation
a consequence of excess H2O2? The preferred energy source
for colonic epithelial cells is a short chain 4-carbon fatty
acid known as butyrate (SCFA). Most butyrate is derived
from colonic bacterial fermentation of unabsorbed dietary
fiber[113]. SCFAs are metabolized rapidly by beta oxidation
and are the major respiratory fuels of colonocytes[113]. Betaoxidation is the anapleurotic process occurring within
mitochondria by which fats are broken down into two
carbon units to form acyl-CoA, which is the entry molecule
for the Krebs (tricarboxylic acid) cycle. The Krebs cycle
generates NADH, which is used as a fuel for ETC activity
resulting in ATP production.
Inhibition studies carried out on beta oxidation led
Roediger and Nance[114], to conclude that “a suitable inhibitor
of beta-oxidation would have unimpeded entry into
mitochondria of colonic epithelial cells”. Hydrogen peroxide
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Figure 1 Pathogenesis of UC: Individuals with UC are basically normal.
Polymorphic genes (MTHFR and PGD) and significant inter-individual variability
in anti-oxidant capacity places certain individuals at the lower threshold of
their physiological hydrogen peroxide reducing capability for any given
environmental oxidant stress level. Oxygen radical production is induced by
environmental oxidant stressors (xenobiotics, stress, smoking cessation,
hypermetabolic states) interacting with cellular metabolism. This process is
called “Radical Induction”. Excess un-neutralized hydrogen peroxide generated
during the radical induction phase diffuses from intracellular compartments of
colonic epithelial cells, through the plasma membrane, to the extracellular
space. Free extracellular hydrogen peroxide reacts with superoxide (O2·) in
a transition metal catalyzed Haber-Weiss reaction to form hydroxyl radical
(HO·) and hydroxide (HO¯) as follows: *O 2¯·+Fe +3 (or Cu)→O2+Fe+2 (followed
by) Fe+2 +H 2O2→Fe +3+HO¯+HO·. Hydroxyl radical initiates oxidative damage
to structures that comprise the gastrointestinal barrier (epithelial TJs, BM and
epithelial lipid peroxidation) resulting in transient immune activation, which
ceases when the damage is repaired. Intermittent immune activation by colonic
bacterial antigens can lead to antibody formation (p-anca) and extra-intestinal
manifestations. When oxidative damage to the GI barrier cannot be repaired in
time to prevent subjacent endothelial adhesion molecule expression, WBCs
(neutrophils) begin infiltrating into the damaged colonic epithelium in an effort to
prevent systemic bacteremia, which would otherwise result in fatal sepsis.
Resident mucosal neutrophils produce additional large quantities of diffusible
H 2O2 which causes oxidative tissue damage in adjacent colonic epithelial
cells whose anti-oxidant (GSH ) lev els have already been previous ly
compromised by radical induction. This results in a proximal “advancing
edge” of oxidative tissue damage, TJ disruption and lipid peroxidation extending
proximally from the rectum, a unique tissue with high oxidant exposure
secondary to fecal generated oxygen radicals, maximum bacterial antigenic
load and least anti-oxidant defense as compared to the rest of the GI tract. The
accompanying intense neutrophilic diapedesis in a restricted area of epithelial
TJ disruption is followed initially by microscopic erythrocyte extravasation
eventually leading to frank hemorrhage as endothelial junctions fail to close
leading to bloody diarrhea and further neutrophil infiltration characteristic of this
disease. The process is only temporarily halted when sufficient anti-oxidant
(GSH) capacity is encountered producing a clear line of demarcation between
diseased and normal tissue. This self-perpetuating and auto-stimulating cycle
is called propagation. *Both iron (Fe) and superoxide (O2¯·) are plentiful within
the colonic lumen [108-110] . UC has been reported subsequent to oral iron
supplementation for the treatment of anemia[111] and in association with conditions
of copper overload (i.e. Wilson’s disease) [112] .
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is permeable through biomembranes including the cell
membrane and both the inner and outer mitochondrial
membranes. Hydrogen peroxide has been shown to inhibit
the beta-oxidation enzyme system of enzymes[115] .
The last enzyme in the mitochondrial beta-oxidation
process is acetyl-CoA C-acyltransferase (EC 2.3.1.16)(ACT)
also known as 3-ketoacyl-CoA thiolase or thiolase I[116]. This
enzyme contains two active binding sites each of which
includes a conserved cysteine residue, which is crucial for
enzymatic activity[117]. Cysteine is an amino acid which has a
thiol (hydrosulfide or sulfhydril) group. The thiol group is a
univalent radical (-SH) which must be maintained in a
reduced state in order for ACT to be functional. H2O2 is capable
of oxidizing these cysteine residues and inactivating ACT.
Inhibition of beta-oxidation has been reported in
macroscopically normal and clinically quiescent UC[118] .
Studies have shown that impairment of beta-oxidation is
significantly associated with increased colonic permeability
followed by clinical relapse to active UC within a few weeks.
Remission was associated with normal beta-oxidation[119].
This supports a separate and distinct diffusible intracellular
oxidizing agent (i.e., H2O2) as the vehicle for both impaired
beta-oxidation and subsequent increase in colonic permeability.
Appearance of diffusible intracellular H2O2 explains the
abnormalities of butyrate metabolism during active UC,
which may resolve during remission and reappear prior to
subsequent activation of the disease since H2O 2 would
accumulate within mitochondria and other sub-cellular
organelles prior to extracellular diffusion and destruction
of BMs and TJs.

NEOPLASTIC TRANSFORMAT ION
Patients with UC have an incidence of colorectal cancer
(CRC) which is up to 20 fold higher and 20 years younger
than CRC in the general population[120]. UC associated CRC
originates from dysplastic colonic epithelial cells[121] . The
mechanism of neoplastic transformation involves nuclear
DNA damage within colonic epithelial cells[122,123]. H2O2 is
known to cause oxidative DNA damage and treatment of
colonic epithelial cells with low concentrations of H2O2 has
been shown to cause oxidative nuclear DNA damage[124-126].
Cells whose nuclear DNA is damaged by H2O2 generated
free radicals can undergo neoplastic transformation[127,128] .
Thus, active colonic inflammation will lead to cancer due
to the high amount of H 2O 2 generated by infiltrating
neutrophils; however, studies have shown that individuals
with quiescent disease in “remission” have the same risk of
developing CRC as those with a more active disease course[129]
suggesting an intracellular mechanism (i.e., excessive H2O2)
which is present during “remission”. In fact, studies
demonstrate that CRC in the setting of UC increases the
risk of CRC in non-colitic relatives by 80%[130] suggesting
the anteceding presence of a genetically predisposing
genotoxic mechanism or agent such as H2O2.
5-Aminosalicylic acid (5-ASA) has been proposed as a
maintenance therapy for the prevention of CRC[131-133].
However, results are conflicting and recent studies show
that maintenance with 5-ASA does not protect against the
development of colonic cancer[134]. Once dissolved in the
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near neutral pH of colonic fluids 5-ASA becomes a zwitterion
with a positive charge on the protonated amino group at
one end and a negative charge on the dissociated carboxylic
group at the other end of the molecule. This promotes
attraction between the positively charged amino terminal
of 5-ASA and negatively charged surface membrane proteins
favoring retention of 5-ASA on the exterior surface of
colonic epithelial cells[135,136]. In vitro studies of 5-ASA have
shown that the site of action of 5-ASA is extracellular[137].
Its mode of action is that of an extracellular tetravalent
reducing agent capable of donating four electrons per
molecule for H2O2 and oxygen radical neutralization[138] .
5-ASA also sequesters ferrous ions (Fe+2 )[139] possibly by
electrostatic attraction to its (5-ASAs) negatively charged
terminal thereby inhibiting the hydroxyl generating
extracellular Haber-Weiss reaction.
5-ASA’s extracellular site and mode of action precludes
it from affecting the intracellular pathogenetic mechanisms
leading to neoplastic transformation during disease quiescence.
While in “remission” H2O2 generated during the radical
induction phase and exiting the cell will be neutralized by
luminal 5-ASA reducing the incidence of clinical reactivation;
however, excessive intracellular H2O2 is free to diffuse into
the nucleus causing oxidative DNA damage resulting in CRC
in this clinically quiescent stage of disease.

CONCLUSION
The evidence presented in this paper points to excess
hydrogen peroxide diffusing out of colonic epithelial cells
as the initiating etiology of UC. Hydrogen peroxide (H2O2),
a highly toxic oxidizing agent and by-product of normal
aerobic cellular metabolism, is constantly being generated
within all cells including colonic epithelial cells and must be
immediately neutralized in order for the cells to survive.
The intracellular generation of H2O2 is determined by
the metabolic and respiratory activity of the cell; however,
the anti-oxidant capacity required to neutralize H2O2 resides
within a genetically determined fixed range for each
individual with significant inter-individual variability being
expressed. This places a sub-group of individuals at the
lowest end of anti-oxidant (H2O2 neutralizing) capacity. It is
this sub-group of individuals that have the highest risk of
developing UC when exposed to oxidant stressors.
Under appropriate conditions excess H2O2 generated due
to the effect of oxidant stressors on cellular metabolism
may overwhelm the genetically predetermined anti-oxidant/
reducing capacity available within the cell resulting in
intracellular H2O2 accumulation. This process is called
“Radical Induction”. Radical induction will initially manifest
in the rectum which has the lowest anti-oxidant defense
(H2O2 neutralizing) capacity of the entire GI tract coupled
with the highest bacterial exposure[140-143]. This makes rectal
epithelium especially vulnerable to oxidant injury.
Hydrogen peroxide is freely permeable through cell
membranes and essentially for ms one intracellular
compartment. H2O2 generation is biochemically coupled to
fundamental metabolic processes such as ATP (energy)
production and ETC activity in addition to the enzymatic
activity of nearly 100 intracellular enzyme systems. H2O2
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production is therefore very sensitive to and will fluctuate
with environmental influences that affect respiratory activity
(tobacco use, stress, hyperthyroidism) and availability of
specific enzyme substrate (i.e., xenobiotics, alcohol, vitamin
B-6). Excess un-neutralized H2O2 will diffuse from any
intracellular location to the extracellular space where it can
be converted to the highly destructive hydroxyl radical via
a metal catalyzed Haber-Weiss reaction causing significant
oxidative damage to colonic epithelial TJs, BM and epithelial
biomembranes, which are micro-anatomical structures that
comprise the colonic barrier function. This in turn increases
colonic mucosal permeability to luminal antigens resulting
in the initial influx of WBCs (neutrophils) from the subjacent
vasculature to the mucosal surface. This is a normal and
expected immune response to antigenic exposure; a normal
response to normal colonic flora.
Once present on the colonic mucosal surface, exposure
to high concentrations of fecal bacterial antigens stimulates
neutrophils to secrete their own tissue damaging oxygen
radicals. Neutrophil mediated tissue damage attracts
additional neutrophils from the subjacent intravascular
compartment to the mucosal surface. This process is
repeated until sufficient tissue anti-oxidant (glutathione) levels
are encountered to temporarily halt its progression, sharply
delineating diseased from normal tissue.
This self-perpetuating process of tissue destruction is
called propagation and results in a proximally advancing
edge of contiguous oxidative tissue destruction in adjacent
epithelium whose anti-oxidant defense capacity has already
been previously compromised during the radical induction
phase. Continued inflammatory tissue destruction results in
rectal bleeding and bloody diarrhea characteristic of this
disease.

SUMMARY
Since Hale-White first coined the term “ulcerative colitis”
in 1888 [144] we have learnt that the clinical phase of this
disease which begins with rectal bleeding is characterized
by colonic mucosal inflammation mediated by the
accumulation of WBCs (mainly neutrophils) within the
colonic epithelium. Based on the histological findings in this
phase, UC is classified as an inflammatory bowel disease.
The mechanism of neutrophil-mediated tissue injury
responsible for colonic bleeding has been well described[145].
To date however there is no satisfactory answer for why
neutrophils accumulate within the colonic mucosa to begin
with. The Radical Induction Theory of UC provides an
explanation for this initial influx of neutrophils.
Radical Induction Theory states that H2O2 originating
from colonic epithelial cells diffuses to the extracellular space
resulting in oxidative damage and dissolution of intercellular
TJs and BM, which are micro-anatomical structures that
maintain the GI barrier function. Once compromised, the
GI barrier can no longer exclude highly antigenic bacterial
antigens from invading the normally sterile deeper layers
of the colonic wall resulting in the initial influx of neutrophils
to the mucosal surface. Continued accumulation of neutrophils
results in extensive tissue damage and bleeding characteristic
of this disease.
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Radical Induction Theory implies two distinct phases
of UC. The first phase is operational prior to any colonic
bleeding. During this initial preclinical “Radical Induction”
phase colonocytes are induced to generate excessive unneutralized H2O2 due to effects of oxidant stressors upon
cellular metabolism. Hydroxyl radical and H2O2 have very
short half lives (nanoseconds and seconds to minutes
respectively) which limits their destructive activity to
intracellular molecules (i.e., DNA, enzymes) and local
extracellular structures immediately adjacent to the cell (i.
e., TJs and BM). Pro-inflammatory cytokines, however, may
be carried to distal sites to exert their effect. Thus, initial
intermittent extracellular diffusion of H2O2 from epithelial
cells causes short lived local barrier compromise and transient
immune activation resulting in cytokine production and distal
extra-intestinal manifestations such as arthritis, uveitis, skin
manifestations (i.e., pyoderma gangrenosum) and p-anca
type antibodies. Continued oxidative insult to colonic barrier
function culminates in neutrophilic infiltration.
A second (clinical) phase begins with rectal bleeding and
signals further destructive GI barrier compromise secondary
to neutrophil-mediated tissue damage. Continued stimulation
of mucosal neutrophils by fecal bacteria converts the
condition into an auto-stimulating/self-perpetuating process
termed propagation.
Patients will normally present for treatment during the
propagation phase, which will continue inexorably to the
inflammatory destruction of the colon without outside
intervention. Although clinical remission (cessation of rectal
bleeding), endoscopic remission (normal macroscopic
mucosal appearance) and histologic remission (no mucosal
neutrophils) are important milestones, the lack of metabolic
remission precludes complete reversal of this condition and
predisposes to future reactivation and neoplastic transformation.
Fifty years of research has not demonstrated any
antecedent immune vulnerability in patients with UC[146] .
However, rather than a local mucosal immune dysfunction,
high levels of H2O2 found in other cell lines in individuals
with UC[147] suggests that this condition is a systemic disease
of oxidant stress whose primary pathological manifestation
is in the rectum, a unique body site with minimal anti-oxidant
defense, high continuous oxidant stress and maximum
bacterial antigenic exposure.
Thus, the crucial element required for mucosal integrity
mentioned earlier consists of the biochemical machinery
needed to detoxify hydrogen peroxide which, if allowed to
accumulate, can oxidize and disintegrate TJ proteins leading
to dissolution of barrier integrity and UC. Neutralization
of intracellular hydrogen peroxide, therefore, constitutes
a vital process whose dysfunction results in physical
disintegration of gastrointestinal barrier function.
GPx (E.C. 1.11.1.9) in conjunction with co-factor
glutathione, a self-replenishing tripeptide reducing agent, is
responsible for 91% of H2O2 neutralization. Factors that
decrease the activity of GPx or decrease the amount of
available reduced glutathione will lead to increases in
intracellular hydrogen peroxide which upon diffusion to the
extracellular space will result in oxidative disruption of TJs
and BM whose integrity is required for GI barrier function.
The oxidative stress to which UC patients are exposed
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has exceeded their physiological antioxidant defense
mechanisms. The significant inter-individual variability in
oxidant neutralizing capacity places certain individuals at
the lower threshold of their physiological (H2O2) reducing
capability for any given environmental oxidant stress level.
As the environment becomes increasingly toxic more
individuals will succumb to its effects. UC, a purely
descriptive term, may be more accurately described by its
pathophysiology as oxidative colitis.
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might not modify the risk of ESCC and GCA development
and might not be used as a stratification marker to predict
the potential of lymphatic metastasis in these two tumor
types.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To investigate association of the 2G or1G single nucleotide
polymorphism (SNP) in matrix metalloproteinase 1 (MMP1)
promoter with susceptibility to esophageal squam-ous cell
carcinoma (ESCC) and gastric cardiac adenocarcinoma
(GCA) in a population of North China.
METHODS: MMP1 promoter SNP was genotyped by
polymerase-chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) analysis in 417 cancer patients (234
ESCC and 183 GCA) and 350 healthy controls.
RESULTS: The genotype frequencies of the MMP1
promoter SNP in healthy controls were 55.4% (2G/2G),
30% (1G/2G ) and 14.6% (1G/1G ), respectively. The
genotype and allelotype distribution in ESCC and GCA
patients was not significantly different from that in healthy
controls (all P values were above 0.05). Compared with
the 1G/1G genotype, neither the 2G/2G nor in combination
with the 1G/2G genotype significantly modified the risk of
developing ESCC and GCA, the adjusted odds ratio
was 1.28 (95%CI = 0.78-2.09), 1.23 (95%CI = 0.38-2.05)
in ESCC and 1.39 (95%CI = 0.80-2.41), 1.34 (95%CI =
0.74-2.40) in GCA, respectively. When stratified by
smoking status and family history of upper gastrointestinal
cancer, the 2G/2G genotype alone or in combination with
the 1G/2G genotype also did not show any significant
influence on the risk of ESCC and GCA development. In
addition, influence of the MMP1 SNP on lymphatic
metastasis in ESCC and GCA was also not obs-erved.
CONCLUSION: The 2G or 1G SNP in the MMP1 promoter

INTRODUCTION
Matrix metalloproteinases (MMPs) are a family of enzymes
that degrade the extracellular matrix and have been implicated
in invasion and metastasis of tumor cells. Twenty-six human
MMPs have been identified currently and these enzymes are
classified according to their substrate specificity and structural
similarities[1]. MMP1 belongs to interstitial collagenase, a
subfamily of MMPs that cleaves stromal collagens. MMP1
gene is localized on 11q22 and expressed in a wide variety
of normal cells, e.g., stromal fibroblasts, macrophages,
endothelial cells and epithelial cells, and in various tumor
cells[1]. The level of MMP1 expression, and its potential to
mediate connective tissue degradation and tumor progression,
can be influenced by a genetic variation in MMP1 promoter[2].
This variation is a single nucleotide polymorphism (SNP)
located at-1 607 bp, where an insertion of a guanine base
(G) creates the sequence of 5’-GGAT-3’, the core binding
site for members of the EST family of transcription factors[2].
The MMP1 SNP has been correlated to the risk of renal cell
carcinoma[3], lung cancer [4] and colorectal cancer [5]. This
polymorphism has also been associated with the invasiveness
of cutaneous malignant melanoma[6], ovarian cancer[7] and
colorectal cancer[8].
China is a country with high incidence regions of esophageal
squamous cell carcinoma (ESCC) and gastric cardiac adenocarcinoma (GCA). Although the expression of MMP1 was
associated with local invasion and poor prognosis in ESCC[9]
and gastric cancer[10], the role of the MMP1 promoter SNP
in the development and progression of ESCC and GCA is
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still unknown. Since in vitro study suggested that the MMP1
SNP might modify MMP1 expression by increasing its
binding with transcription factors[2,11], we hypothesize that
the genotype which leads to higher MMP1 expression (i.e.,
2G/2G) might increase the susceptibility to ESCC and GCA
and enhance the potential of lymphatic metastasis of these
two tumor types. Therefore, in the present study, we conducted a hospital-based case control study to explore the role
of the MMP1 promoter SNP in the development and lymphatic metastasis of ESCC and GCA in a population of
north China.

MATERIALS AND METHODS
Subjects
This study included 417 patients (234 with ESCC and 183
with CAC) and 350 healthy individuals without overt cancer.
The cases were outpatients for endoscopic biopsy or inpatients
for tumor resection in the Fourth Affiliated Hospital, Hebei
Medical University between 2001 and 2003. Histological
tumor typing was carried out on basis of the biopsy or resection
specimens in the Department of Pathology of the same
hospital. The esophageal carcinomas were all squamous cell
carcinomas. The gastric cardiac carcinomas were all adenocarcinomas with their epicenters at the gastroesophageal
junction, i.e., from 1 cm above until 2 cm below the junction
between the end of tubular esophagus and the beginning
of the saccular stomach[12]. The healthy subjects, who had
no history of cancer and genetic diseases, visited the same
hospital for physical examination between 2001 and 2003.
All of the cancer patients and control subjects were unrelated
Han nationality and from Shijiazhuang city or its surrounding
regions. Information on TNM staging was available from
131 ESCC and 94 GCA patients from hospital records and
pathological diagnosis. Information on sex, age, smoking
habit and family history was obtained from cancer patients
and healthy controls by interview following sampling.
Smokers were defined as formerly or currently smoking
five cigarettes per day for at least 2 years. Individuals with at
least one first-degree relative or at least two second-degree
relatives having esophageal/cardiac/gastric cancer were
defined as having a family history of upper gastrointestinal
cancers (UGIC). The smoking status and family history were
only available from a subset of cancer patients and healthy
controls (Table 1). The study was approved by the Ethics
Committee of Hebei Cancer Institute and informed consent
was obtained from all recruited subjects.
DNA extraction
Five milliliters of venous blood from each subject was
drawn in Vacutainer tubes containing EDTA and stored at
4 ℃. Genomic DNA was extracted within 1 wk after
sampling by using proteinase K (Merck, Darmstadt, Germany)
digestion followed by a salting out procedure according to
the method published by Miller et al[13].
MMP1 promoter SNP genotyping
The MMP1 genotyping was determined by PCR-RFLP assay.
The PCR primers used for amplifying the MMP-1
polymorphism were: forward 5’-TGACTTTTAAAAC-
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ATAGTCTATGTTCA-3’ and reverse 5’-TCTTGGATTGATTTGAGATAAGTCATAGC-3’[4]. The reverse primer
was specially designed to introduce a recognition site of
restriction enzyme AluI (AGCT) by replacing a T with a G
at the second position close to the 3' end of the primer. The
1G allele has this recognition site, whereas the 2G allele
destroys the recognition site by inserting a guanine. The
PCR was performed in a 20-µL volume containing 100 ng
of DNA template, 2.0 µL of 10× PCR buffer, 1.5 mmoL
of MgCl2, 1 unit of Taq-DNA-polymerase (BioDev-Tech.,
Beijing, China), 200 µmoL of dNTPs and 200 nmoL of sense
and antisense primers. The PCR cycling conditions were
5 min at 94 ℃ followed by 35 cycles of 30 s at 94 ℃, 30 s
at 58 ℃, and 30 s at 72 ℃, with a final step at 72 ℃ for
5 min to allow for the complete extension of all PCR
fragments. An 8 µL aliquot of PCR product was digested
overnight at 37 ℃ in a 10-µL reaction containing 10 units
of AluI (TakaRa Biotechnology Co., Ltd, Dalian, China)
and 1× reaction buffer. After overnight digestion, the products
were resolved and separated on a 4% agarose gel stained
with ethidium bromide. After electrophoresis, homozygous
2G alleles were represented by a DNA band with a size of
269 bp, homozygous 1G alleles were represented by DNA
bands with sizes of 241 and 28 bp, whereas heterozygotes
displayed a combination of both alleles (269, 241, and 28 bp).
For a negative control, each PCR reaction used distilled water
instead of DNA in the reaction system. For 10% of the
samples, the reaction was repeated once for MMP1 genotyping
and all of the genotypes matched with the original results.
Statistical analysis
Statistical analysis was performed using SPSS10.0 software
package (SPSS Company, Chicago, IL, USA). Comparison
of the MMP1 genotype distribution in the study groups
was performed by means of two-sided contingency tables
using 2 test. A probability level of 5% was considered
significant. The odds ratio (OR) and 95%CI were calculated
using an unconditional logistic regression model and adjusted
according to age and sex.

RESULTS
The mean age of all ESCC cases was 54.1±10.2 years (range
34-76 years), of all GCA cases was 55.0±10.5 (range 37-76
years) and of controls was 51.7±10.7 years (range 30-68 years).
The gender distribution in ESCC and GCA patients (72.2%
and 73.2% men) was comparable to that in healthy controls
(65.4% men) (P = 0.08 and 0.07, respectively). The proportion
of smokers in ESCC patients (50.5%) was not significantly
different from that in healthy controls (42.9%) (2 = 2.79,
P = 0.10). However, smokers in GCA patients (55.4%) were
more frequently seen than in healthy controls (2 = 6.78,
P = 0.01). Therefore, smoking significantly increased
the risk for GCA development (the age and sex adjusted
OR = 1.64, 95%CI = 1.12-2.38). In addition, the frequency
of a positive family history of UGIC in ESCC (30.4%) and
GCA (39.7%) patients was significantly higher than that in
healthy controls (4.7%) (2 = 31.74 and 47.87, respectively,
P<0.0001). Thus, a family history of UGIC significantly
increased the risk to develop ESCC (the age and sex adjusted
OR = 7.89, 95%CI = 3.25-15.49) and GCA (the age and
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sex adjusted OR = 13.24, 95%CI = 5.98-26.40). Among 131
ESCC patients with tumor resection, lymphatic metastasis was
reported in 59 cases and the rest (72 cases) were diagnosed
as lymph node negativity, whereas among 94 GCA patients
with operation, positive and negative lymphatic metastases
were reported in 46 and 48 cases, respectively. The
demographic distribution of ESCC and GCA patients as
well as healthy controls is shown in Table 1.
Table 1 Characteristics of ESCC, GCA patients, and healthy individuals
Groups

Control n (%)

ESCCn (%)

P1

GCA n (%)

P1

Sex
Male

229 (65.4)

169 (72.2)

0.08 134 (73.2)

Female

121 (34.6)

65 (27.8)

49 (26.8)

Mean age

51.7 (10.7)

54.1 (10.2)

0.061 55.0 (10.5)

0.07
0.06 2

in yr (SD)
Smoking status3
Ex-or current
smoker

120 (42.9)

96 (50.5)

Non-smoker

160 (57.1)

94 (49.5)

0.10

92 (55.4)

0.01 5

74 (44.6)

Family history of UGIC4
Positive

6 (4.7)

Negative

123 (95.3)

56 (30.4) <0.00016 62 (39.7)
128 (69.6)

<0.00016

96 (60.3)

MMP-1 SNP genotype
2G/2G

194 (55.4)

130 (55.6)

1G/2G

105 (30.0)

76 (32.5)

0.611

12 (61.2)
51 (27.3)

1G/1G

51 (14.6)

28 (11.9)

20 (10.9)

0.35

MMP-1 SNP allelotype
2G

493 (70.4)

336 (71.8)

1G

207 (29.6)

132 (28.2)

0.61

275(75.1)

0.10

91 (24.9)

ESCC : esoph ageal squamous cell carcino ma; GCA : gastric cardiac
adenocarcinoma; UGIC: upper gastrointestinal cancer. 1P value for 2 test; 2P value
for t test; 3,4information of smoking status and family history was available from
a subset of subjects; 5smoking significantly increased the risk for GCA development
(the age and sex adjusted OR = 1.64, 95%CI = 1.12-2.38); 6positive family history
of UGIC significantly increased the risk of developing ESCC (the age and sex
adjusted OR = 7.89, 95%CI = 3.25–15.49) and GCA (the age and sex adjusted
OR = 13.24, 95%CI = 5.98-26.40).

MMP1 SNP genotyping was successfully performed in
all study subjects. The SNP genotype distribution was not
correlated with gender, age and smoking status both in healthy
controls and in ESCC and GCA patients (data not shown).
In healthy controls, the frequencies of the 2G/2G, 1G/2G
and 1G/1G genotypes were 55.4%, 30.0% and 14.6% while
the distribution of the 2G and 1G allele was 70.4% and 29.6%,
respectively. The genotype distribution in healthy controls
was not in Hardy-Weinberg equilibrium (P = 0.002). In
contrast, the genotype frequencies in ESCC and GCA patients
were consistent with Hardy-Weinberg equilibrium (P = 0.10
and 0.09, respectively).
As shown in Table 1, there was no statistic difference in
allele distribution between ESCC, GCA patients and healthy
controls (2 = 0.25 and 2.65, P = 0.61 and 0.10, respectively).
The overall MMP1 genotype distribution in ESCC and GCA
patients was also not significantly different from that in
healthy controls (2 = 0.98 and 2.08, P = 0.61 and 0.35,
respectively). By using 1G/1G, the genotype with a lower
MMP1 expression as reference, neither the 2G/2G genotype
alone nor in combination with the 1G/2G significantly modified
the risk of ESCC and GCA, the adjusted OR for ESCC
was 1.28 (95% CI = 0.78-2.09) and 1.23 (95% CI = 0.382.05), for GCA it was 1.39 (95% CI = 0.80-2.41) and 1.34
(95% CI = 0.74-2.40), respectively. When stratified by
smoking status and family history of upper gastrointestinal
cancer, the frequencies of the MMP1 genotypes in ESCC
and GCA patients were also not significantly different from
that in healthy controls. Consistently, the 2G/2G genotype,
alone or in combination with the 1G/2G, did not show any
significant influence on the risk of ESCC and GCA in the
stratification groups (Table 2), when compared with the
1G/1G genotype.
Furthermore, we tried to identify that if MMP1 genotyping
played a role in predicting lymphatic metastasis in ESCC
and GCA in the study subjects. As shown in Table 3, in both
ESCC and GCA groups, the distribution of the MMP1 genotypes was not significantly different between patients with

Table 2 Association analysis of the MMP1 SNP with the risk of ESCC and GCA development

Overall
Normal
ESCC
GCA
Non-smoker1
Normal
ESCC
GCA
Smoker
Normal
ESCC
GCA
Negative family history2
ESCC
GCA
Positive family history3
ESCC
GCA

aOR (95%CI)3

aOR (95%CI)4

299 (85.4)
206 (88.0)
163 (89.1)

1.28 (0.78-2.09)
1.39 (0.80-2.41)

1.23 (0.38-2.05)
1.34 (0.74-2.40)

89 (55.6)
58 (61.7)
40 (54.1)

135 (84.4)
84 (89.4)
64 (86.5)

1.55 (0.65-3.46)
1.12 (0.49-2.58)

1.54 (0.68-3.48)
1.20 (0.38-3.82)

18 (15.0)
14 (14.6)
8 ( 8.7)

64 (53.3)
46 (47.9)
59 (64.1)

102 (85.0)
82 (85.4)
84 (91.3)

1.03 (0.48-2.19)
1.80 (0.74-4.37)

0.93 (0.42-2.06)
1.36 (0.46-4.05)

16 (12.5)
7 ( 7.3)

73 (57.0)
54 (56.2)

112 (87.5)
89 (92.7)

1.19 (0.65-2.18)
1.19 (0.56-2.51)

1.18 (0.63-2.20)
0.42 (0.16-1.04)

8 (14.3)
10 (16.1)

29 (51.8)
38 (61.3)

48 (85.7)
52 (83.9)

1.02 (0.46-2.29)
0.95 (0.59-1.53)

0.95 (0.41-2.21)
0.72 (0.31-1.70)

1G/1G

2G/2G

2G/1G+2G/2G

51 (14.9)
28 (12.0)
20 (10.9)

194 (55.4)
130 (55.6)
112 (61.2)

25 (15.6)
10 (10.6)
10 (13.5)

ESCC: esophageal squamous cell carcinoma; GCA: gastric cardiac adenocarcinoma; 1,2information of smoking status and family history was available from a subset of
subjects; 3,4the age and sex adjusted odds ratio of the 2G/2G (c) and 1G/2G+2G/2G genotype (d) against the 1G/1G genotype.
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or without lymphatic metastasis. Compared to the 1G/1G
genotype, neither the 2G/2G nor the 1G/2G+2G/2G
genotype showed modification in the potential of lymphatic
metastasis, with age and sex adjusted OR of 1.72 and 1.73
(95%CI = 0.58-5.33 and 0.60-4.97) in ESCC, and of 3.80
and 3.66 (95%CI = 0.71-20.41 and 0.71-18.87) in GCA,
respectively.

Table 3 Influence of the MMP-1 SNP on lymphatic metastasis in
ESCC and GCA1
Groups

LM negative
cases (%)

LM positive
cases (%)

aOR (95%CI)2

ESCC
1G/1G

12 (16.7)

6 (10.2)

1.0 (ref.)

2G/2G

31 (43.0)

29 (49.2)

1.72 (0.58-5.33)

1G/2G+2G/2G

60 (83.3)

53 (89.8)

1.73 (0.60-4.97)

GCA
1G/1G

7 (14.6)

2 ( 4.4)

1.0 (ref.)

2G/2G

25 (52.1)

28 (60.9)

3.80 (0.71-20.41)

1G/2G+2G/2G

41 (85.4)

44 (95.6)

3.66 (0.71-18.87)

ESCC : esoph ageal squamous cell carcino ma; GCA : gastric cardiac
adenocarcinoma; LM: lymphatic metastasis, 1all of the 131 ESCC (53 LM positive
and 60 negative) and 96 GCA patients (46 LM positive and 48 negative) with
available related data were considered; 2the age and sex adjusted odds ratio of
the 2G/2G and 2G/1G+1G/1G genotype against the 1G/1G genotype.

DISCUSSION
Several exogenous factors were correlated to the development
of ESCC and GCA in China[14-18]. However, genetic background
has been suggested to play important roles in cancer occurrence,
as displayed in this study which showed that a family history
of UGIC significantly increased the risk of ESCC and GCA.
In addition, some polymorphic genes encoding metabolic
enzymes, cell cycle regulators and mismatch repair enzymes,
such as aldehyde dehydrogenase-2 (ALDH2)[19], cytochrome
P450(CYP)[20], glutathione S-transferase (GST)[20], methylenetetrahydrofolate reductase (MTHFR)[21], NAD(P)H: quinone
oxidoreductase 1 (NQO1)[22] , cyclin D1 [23] , X-ray repair
cross-complementing group 1(XRCC1) and xeroderma pigmentosum group D (XPD)[24], have been found to be able to
modify the susceptibility to chemically induced cancers
including esophageal and gastric cardiac cancer. Therefore,
these polymorphic genes, alone or in combination with each
other or through interaction with exogenous risk factors,
may be used as predicative parameters for screening individuals
at a high risk of ESCC and GCA.
Carcinogenesis is a multicellular and multistage process
in which destruction of the microenvironment is required
for the conversion of normal tissue to tumor. Molecular
analysis of the microenvironment and its deregulation during
neoplasia is an essential step to understand the mechanism
of malignant conversion process. Given the fact that MMPs,
produced by both tumor and normal cells, influence the microenvironment by degrading extracellular matrix and altering
cellular signals[25], they may be also involved in the initial
stages of tumor development. MMP1 is the most highly
expressed interstitial collagenase degrading fibrillar collagens,
the most abundant protein in human body. Expression of
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MMP1 is partially regulated by the upstream promoter
sequence in which the 2G or 1G SNP site is located. The
MMP1 2G/2G genotype, which leads to higher expression
of MMP1, has been reported to increase the susceptibility
to renal cell carcinoma[3], lung cancer[4] and colorectal cancer[5].
The 2G/2G genotype or the 2G allele has also been
correlated to poorer prognosis of cutaneous malignant melanoma[6], ovarian cancer[7] and colorectal cancer[8].
Since MMP1 overexpression was an independent factor
for tumor invasion and prognosis in ESCC[9], we presently
conducted a case control study to explore the role of the MMP1
SNP in the development and lymphatic metastasis of ESCC
as well as of GCA, another common carcinoma with similar
geographic epidemic regions to ESCC. In line with the results
from Caucasian[4] and Japanese[18] populations, the genotype
distribution of the MMP1 promoter SNP in our healthy
controls was not in Hardy-Weinberg equilibrium. Although
the underlying reason is unknown, the random recruitment
of healthy controls and reproducible genotyping method
used in this study should not influence the feasibility of
control group.
In contrary to our expectation, the MMP1 genotype
distribution difference was not found between the two cancer
groups and healthy controls, as well as in the stratification
comparisons according to smoking status (never smoking or
currently and previously smoking) and family history of UGIC.
The result suggests that although the MMP1 promoter SNP
is correlated with some cancer types, this genetic alteration may
not be associated with the susceptibility to ESCC and GCA in
a population of north China. In addition, lymphatic metastasis,
which is one of the main factors to influence prognosis and
survival of upper gastrointestinal tumors, is also not correlated
with this MMP1 promoter polymorphism, suggesting that
MMP1 expression might influence ESCC progress via mechanisms other than regulation by the promoter SNP. Our
result is consistent with a recent study on gastric cancer in
Japan, which showed that the genotype distribution of the
MMP1 promoter SNP in cancer patients was similar to that
in healthy controls, and the SNP showed no influence on
tumor invasion, lymph node metastasis and clinical stage
of gastric cancer[26] .
In summary, the result from gastric cancer[26], together
with the finding in this study, indicate that the MMP1 promoter
SNP might not be used as a stratification marker to predict
the susceptibility to upper gastrointestinal carcinoma and the
potential of lymphatic metastasis in these tumor types, at
least in Asian population.
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Abstract
AIM: To study the difference of gene expression in gastric
cancer (T), pericancerous epithelium (P) and normal tissue
of gastric mucosa (C), and to screen an associated novel gene
in early gastric carcinogenesis by oligonucleotide microarray.
METHODS: U133A (Affymetrix, Santa Clara, CA) gene chip
was used to detect the gene expression profile difference
in T, P and C, respectively. Bioinformatics was used to analyze
the detected results.
RESULTS: When gastric cancer was compared with normal
gastric mucosa, 766 genes were found, with a difference of
more than four times in expression levels. Of the 766 genes,
530 were up-regulated (Signal Log Ratio [SLR]>2), and
236 were down-regulated (SLR<-2). When pericancerous
epithelium was compared with normal gastric mucosa, 64
genes were found, with a difference of more than four times
in expression levels. Of the 64 genes, 50 were up-regulated
(SLR>2), and 14 were down-regulated (SLR<-2). Compared
with normal gastric mucosa, a total of 143 genes with a
difference in expression levels (more than four times, either
in cancer or in pericancerous epithelium) were found in
gastric cancer (T) and pericancerous epithelium (P). Of
the 143 genes, 108 were up-regulated (SLR>2), and 35
were down-regulated (SLR<-2).
CONCLUSION: To apply a gene chip could find 143 genes
associated with the genes of gastric cancer in pericancerous
epithelium, although there were no pathological changes
in the tissue slices. More interesting, six genes of pericancerous
epithelium were up-regulated in comparison with genes
of gastric cancer and three genes were down-regulated in
comparison with genes of gastric cancer. It is suggested
that these genes may be related to the carcinogenesis and
development of early gastric cancer.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Differentially expressed genes from different specimens may
be detected with parallel analysis by gene chips. This technique
possesses many advantages, of which the greatest is to improve
traditional experiments by allowing a single or several gene
expression differences to be observed in a single test. More
and more cDNA microarray methods are applied in the
study of gene expression. In the paper, a gene chip technique
was used to analyze the different gene expression patterns in
gastric cancer, its pericancerous epithelium tissue and normal
tissue of gastric mucosa. Exploring tumor-associated geneclusters and their role in the process of carcinogenesis and
development of gastric cancer is helpful in gaining a comprehensive understanding of the molecular mechanisms in cell
transformation. This may also provide molecular markers
and target genes for clinical diagnosis and prevention, and
treatment of gastric cancer.
MATERIALS AND METHODS
Materials
Gastric cancer tissues and pericancerous epithelial tissues
as well as normal gastric mucosa tissues were obtained from
five patients who underwent gastrectomy at our hospital. For
each specimen one part was immediately snap-frozen in
liquid nitrogen and the other was used for histopathological
examination to ensure all the pericancerous and control
gastric mucosa without cancer cells but with their corresponding histological appearance. The clinical and pathological
data of these patients are shown in Table 1.
Oligonucleotide microarray gene chip
Human full-length genome U133A (Affymetrix, Santa
Clara, CA) contained about 18 000 full-length genes from
the unigene GenBank.
Sample preparation
Total RNA was extracted by a single step method[1]. Briefly,
after T, P and C tissues were taken out from liquid nitrogen,
specimens were ground completely into tiny powders while
liquid nitrogen was added into a ceramic mortar. TRIzol
was used to extract total RNA. A QIAGEN reagent kit was
used to purify the total RNA. A spectrophotometer was
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Table 1 Clinical and pathological data of five patients with gastric cancer
Number of In-P

Name

Sex

Age (yr)

113702

Jiang

F

45

Lesser curvature of stomach invasion ulcer type
moderate differentiation adenocarcinoma invasion serosa

Pathological diagnosis

Lymph metastasis
1/35

Clinical stage
III

123730

Xu

M

48

Anterior wall in body of stomach moderate differentiation

1/17

III

Lesser curvature in cardia of stomach invasion ulcer type
moderate differentiation adenocarcinoma invasion serosa

1/14

III

Anterior wall in cardia of stomach poor-moderate

0/35

II

5/22

III

adenocarcinoma invasion muscular layers and nerve
123673

Tang

F

57

123808

Yu

F

49

differentiation adenocarcinoma, a part of mucinous
123733

Huang

M

60

adenocarcinoma and esophagus of extremities inferior
Cardia of stomach node type moderate differentiation
adenocarcinoma invasion muscular layer esophagus

were put into the hybridization oven (640 type) for 16 h to
finish the hybridization procedure. The chips were taken
out from the hybridization oven to recover the hybridization
solution, then each composition elution and staining were
automatically completed in the Fluidics Station 400.
Fluorescence scanning and result analysis
The chip was scanned with a GeneChip scanner. The intensity
value of a fluorescent signal was obtained by expressing
those genes. An internal reference gene (housekeeping gene)
was chosen in advance. With regard to the primary signals,
data were normalized and corrected. The acquired image
was analyzed by Microarray suit software using a digital
computer, and the intensity of fluorescence signals and its
ratio were calculated.

Figure 1 Control cRNA vs test chip post-hybridization.

used to calculate the total RNA concentration on the basis
of optical density of A260. Total RNA was taken out from
the T, P and C tissues and mixed, respectively. T7-(dT)24 was
made for a primer, the first strand of cDNA was synthesized
through retro-transcription on the base of the first strand
as a template to synthesize the second strand. After the double
stranded DNA was purified, a high yield RNA transcript
labeling kit was used to transcribe synthetic cRNA directly.
Then the transcribed cRNA was purified and treated at high
temperature to produce fragments of 35-200 bp cRNA.
Hybridization and washing
The fragments of cRNA were mixed with other control
agents to prepare a hybridization solution, the hybridization
solution was injected into the chip. The three chips (T, P, C)

A

B

Figure 2 Hybridization results of the sample chip of scanning results. A: Posthybridization of scanning results in control cRNA vs U133A chip; B: Post-

RESULTS
Quantity judgment of the test chip
Each scanning profile was shown after hybridization with
the test chip (Figure 1). A clearly printed character “GeneChip
test” was on the upper of the profile. A lot of spots and welldistributed lines were around the profile. Some spots were
on the four corners and the character “+” was clear. There was
a good quantity between the gene chip and the samples of
RNA. So this was a complete and reliable result of the detecting
gene chip. Then, the samples from three groups were
hybridized with U133A gene chip and scanned, respectively.
Hybridization result of the sample chip
A scanning profile was obtained from the samples of three

C

hybridization of scanning results in gastric cancer group cRNA vs U133A chip; C:
Post-hybridization of scanning results in pericancerous group cRNA vs U133A chip.

A
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Table 2 Differentially expressed gene number in T, P and C

100 000

Numbers
of genes

10 000

100

Down-regulated

SLR>3

SLR <-2

SLR <-3

T vs C

530

157

236

113

P vs C

50

17

14

7

108

21

35

17

T and P vs C
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SLR>2
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Figure 3 Scatter plots in gastric cancer and pericancerous tissues A: Scatter
plots in gastric cancer tissue vs control B: Scatter plots in pericancerous tissue
vs control.

groups after being hybridized with U133A gene chip (Figure
2). The scatter plots are shown in Figure 3.
Bioinformatics was used to detect and analyze the number
of differentially expressed genes in gastric cancer (T) or

pericancerous tissues (P). The results were compared to
the normal gastric mucosa as shown in Table 2.
Although there were no pathological changes in the tissue
slices, 143 genes were found. More interesting, six genes of
pericancerous epithelium were up-regulated compared to
gastric cancer and three genes were down-regulated compared
to gastric cancer. Their functions were related to the activity
of a number of factors such as lipid transporter factor,
electron transporter, receptor of signal protein, growth
factor, ATP dependent RNA helicase (Table 3).
T and P were compared with C. The gene molecular
function of a simultaneous expression difference belonged
to nucleic acid binding activity (including RNA, DNA),
protein binding activity (calcium, growth factor, cellular
skeleton), enzyme activity. The functions of 34 genes were
unknown (Table 4).
Genes with a difference of more than eight times are
listed in Tables 5 and 6.

DISCUSSION
Gastric cancer is one of the most common malignant tumors
in China. At present, its treatment has been greatly improved,

Table 3 Up-regulated and down-regulated genes
Probe
Set ID

T vs C
SLR

P vs C
SLR

Name

202580-x-at

2

2.4

Forkhead box M1

203098-at

2.3

2.4

Chromodomain protein,
Y chromosome-like

203334-at

3.1

3.8

DEAD/H (Asp-Glu-Ala-Asp/His)
box polypeptide 8 (RNA helicase)

208152-s-at

1.9

2.1

DEAD/H (Asp-Glu-Ala-Asp/His)
box polypeptide 21

209820-s-at
217173-s-at

2.2
3.4

2.3
3.6

Transducin (beta)-like 3
Low density lipoprotein receptor
(familial hypercholesterolemia)

207102-at

-2.4

-3.6

208580-x-at

-2.7

-3

218730-s-at

-2.5

-3.3

Aldo-keto reductase family 1,
member D1 (delta 4-3ketosteroid-5-beta-reductase)
H4 histone family,
member E (H4FE)
Osteoglycin
(osteoinductive factor, mimecan)

GO molecular function
GO:3702; RNA polymerase II transcription factor activity; traceable
author statement
GO:3700; transcription factor activity; traceable author statement
GO:3682; chromatin binding; inferred from electronic annotation
GO:3824; enzyme activity; inferred from electronic annotation
GO:3723; RNA binding; inferred from electronic annotation
GO:8248; pre-mRNA splicing factor activity; traceable author statement
GO:5524; ATP binding; inferred from electronic annotation
GO:4004; ATP dependent RNA helicase activity; traceable author statement
GO:3723; RNA binding; inferred from electronic annotation
GO:5524; ATP binding; inferred from electronic annotation
GO:4004; ATP dependent RNA helicase activity; traceable author
statemen
GO:5057; receptor signaling protein activity; predicted/computed
GO:5041; low-density lipoprotein receptor activity; traceable author
statement
GO:5509; calcium ion binding; inferred from electronic annotation
GO:8034; lipoprotein binding; traceable author statement
GO:5319; lipid transporter activity; inferred from electronic
GO:5489; electron transporter activity; experimental evidence

Unknown
GO:8083; growth factor activity; inferred from electronic annotation
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Table 4 Comparison between gene molecular functions of T, P and C
Molecular function
Enzyme activity
Enzyme regular activity

Up-regulated (SLR> 2)

Down-regulated (SLR <-2)

15
4

4
0

Structural molecule activity

3

1

Transcription factor activity

3

0

16
14

5
7

Carbohydrate binding activity

3

0

Metal ion binding activity

1

0

Signal transduction activity (receptor, GF)
Sport activity

7
2

3
1

Nucleic acid binding (RNA, DNA)
Protein binding activity (Ca , GF, cell skeleton)

Transporter activity (electron, ion, protein)

7

6

Tumor antigen

2

0

Tumor suppressor
Apoptosis suppressor

3
1

0
0

Fibrinogen

0

1

Unknown

27

7

108

35

Total

but it still is one of the principal diseases to seriously hurt
people’s health. To explore its etiology and to seek the ideal
and early molecular markers, and to develop a new method of
gene therapy are a new direction against cancers. Carcinogenesis is a series of molecular changes caused by abnormal
expression of tumor-associated genes or inactivation of tumor
suppression genes. The gene chip has been widely used to detect
gene expression differences in various specimens by parallel
analysis. The largest advantage of this technique is that it
changes the traditional experiment where only a single or
several gene expression differences could be observed in
one procedure. Therefore, more and more cDNA microarrays
have been applied to the study of gene expression. For example,
gene chip was used to study the relationship between Helicobacter
pylori and gastric malignancy[2-6], to research the multidrugresistance to chemotherapy[7-9], to establish carcinogensis
models of gastric carcinoma[10], to find gastric cancer and its
metastasis associated genes[11-14], to analyse gastric carcinoma
and its prognosis and to compare gastric carcinoma with its
normal gastric mucosa[15-29].
We used the oligonucleotide of gene chip technique to
analyze the gene expression profile difference in gastric
cancer, pericancerous epithelium and normal mucosa. When
gastric cancer was compared with normal gastric mucosa, a
total of 766 genes were found with a difference of more
than four times in expression levels. Of the 766 genes, 530
were up-regulated (SLR>2), and 236 were down-regulated
(SLR>-2), suggesting that these genes are associated with
the occurrence and development of gastric cancer. When
pericancerous epithelium was compared with normal gastric
mucosa, a total of 64 genes were found, with a difference
of more than four times in expression levels. Of the 64
genes, 50 were up-regulated (SLR>2) and 14 were downregulated (SLR>-2). Compared with normal gastric mucosa,
a total of 143 genes with a difference in expression levels
(more than four times, either in cancer or in pericancerous
epithelium) were found in gastric cancer (T) and pericancerous
epithelium (P). Of the 143 genes, 108 were up-regulated
(SLR>2) and 35 were down-regulated (SLR>-2). Although
an abnormal appearance of pericancerous epithelium was
not found in pathological examination, but the 143 genes

were shown to have differences in gene expression levels.
A more interesting finding was that six genes of pericancerous
epithelium were up-regulated compared to gastric cancer
and three genes were down-regulated compared to gastric
cancer. All but one gene’s function was unknown, the
function of other genes was related to the transporter activity
of lipid and electrons, transcription factor activity, growth
factor activity and ATP dependent RNA helicase activity,
suggesting that these genes are probably related to the promotion
and progression of carcinogensis at the early stage of gastric
cancer. To seek for the expression products of these genes
would be very useful in early diagnosis of gastric cancer.
CEA is a soluble glycoprotein with a complex structure.
Its molecular weight is about 200 000, CEA presents in
gastrointestinal tract, pancreas and liver at embryonic
development stage, and would increase in gastrointestinal
malignant tumors. In other tumors such as breast and lung
cancer, it was increased in the serum. Therefore, CEA is a
broad-spectrum tumor marker, although it does not act as
a specific marker for some malignant tumors, but it still has
an important clinical value in differential diagnosis. In the
present study, we found that CEA associated cell adhesion
molecule 5 (CAM-5) (SLR cancer was 4.6, pericancerous
epithelium was 2.1) and CAM-6 (SLR cancer was 5.6,
pericancerous epithelium was 2.1) were up-regulated. Sakakura[12] reported that CEA gene expression was up-regulated
in metastatic gastric cancer. Oue reported that CEA CAM-6
gene expression was up-regulated in 50% patients with gastric
cancer, suggesting that carcino-embryonic antigen associated
genes are up-regulated to produce a soluble glycoprotein
which could secrete into the blood, increasing the amount
of CEA in serum. It could be a molecular mechanism of
CEA appearance in serum of patients with gastric cancer.
It is a useful tumor marker for gastric cancer.
Na+/K+-ATPase widely distributed on cell membranes
is a key enzyme for keeping Na+, K+ ion gradients of cells.
Such an enzyme not only attends the ion and protein
translocation and keeps the ion self-balance of stabilization,
but also has an important role in embryogenesis of vertebrate,
neuronal recognition, development of central nervous system,
cell morphogenesis, cell adhesion, etc. Lee[24] reported that
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Table 5 Comparison between molecular functions of 21 genes in T, P and C
Probe
Set ID

T vs C
SLR

P vs C
SLR

Name

201655-s-at

3.1

2.6

201890-at

3.1

1.6

Heparan sulfate
proteoglycan 2 (perlecan)
Ribonucleotide reductase
M2 polypeptide

201926-s-at

3.1

1

203334-at

3.1

3.8

202870-s-at

3.3

1.5

209035-at

3.3

1.6

209803-s-at

3.4

1.8

212444-at

3.4

1.2

217173-s-at

3.4

3.6

217221-x-at

3.5

2.2

RNA binding motif
protein 10

202855-s-at

3.6

1.2

203559-s-at

3.6

1.2

Solute carrier family 16
(monocarboxylic acid
transporters), member 3
Amiloride binding
protein 1(amine oxidase
(copper-containing))

209373-at
203108-at

3.8
4.2

1.6
1.5

BENE protein
Retinoic acid induced 3

202067-s-at

4.5

3.8

Low density lipoprotein
receptor (familial
hypercholesterolemia)

218900-at
201884-at

4.5
4.6

3.7
2.1

211657-at

5.9

2.1

212768-s-at

4.7

1.3

208250-s-at

6.3

1.7

204855-at

7.7

4.2

Cyclin M4
Carcinoembryonic antigenrelated cell adhesion molecule 5
Carcinoembryonic antigenrelated cell adhesion molecule 6
Differentially expressed
in hematopoietic lineages
Deleted in malignant
brain tumors 1
Serine (or cysteine)
proteinase inhibitor, clade B
(ovalbumin) member 5

Decay accelerating factor
for complement (CD55,
Cromer blood group system)
DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 8
(RNA helicase)
CDC20 cell division cycle 20
homolog (S. cerevisiae)
Midkine (neurite growthpromoting factor 2)
Tumor suppressing
subtransferable candidate 3
Homo sapiens, clone
IMAGE:4471726, mRNA
Low density lipoprotein
receptor (familial
hypercholesterolemia)

Na+/K+-ATPase expression levels were up-regulated in
intestinal type of gastric cancer. In our study, ATPase, Na+/
K+ transporting, alpha 1 polypeptide were found (SLR cancer
was 2.4, pericancerous was 1.4).
Alcohol dehydrogenase and aldehyde dehydrogenase are
two key enzymes in ethanol metabolism and its metabolic

GO molecular function
GO:5198; structural molecule activity; inferred from electronic annotation
GO:5206; heparin sulfate proteoglycan; traceable author statement
GO:4748; ribonucleoside-diphosphate reductase activity;non-traceable
author statement
GO:16491; oxidoreductase activity; inferred from electronic annotation
Unknown

GO:3723; RNA binding; inferred from electronic annotation
GO:8248; pre-mRNA splicing factor activity; traceable author statement
GO:5524; ATP binding;inferred from electronic annotation
GO:4004; ATP dependent RNA helicase activity; traceable author statement
Unknown
GO:8201; heparin binding; not recorded
GO:8083; growth factor activity; not recorded
GO:5125; cytokine activity; not recorded
Unknown
Unknown
GO:5041; low-density lipoprotein receptor activity; traceable author statement
GO:5509; calcium ion binding; inferred from electronic annotation
GO:8034; lipoprotein binding; traceable author statement
GO:5319; lipid transporter activity; inferred from electronic
GO:3676; rrm; nucleic acid binding activity; 8.4e-05; extended: inferred
from electronic annotation
GO:3676; rrm; nucleic acid binding activity; 0.76; extended: inferred
from electronic annotation
GO:8028; monocarboxylic acid transporter activity; traceable author statement
GO:15355; monocarboxylate porter activity; inferred from electronic annotation
GO:15293; symporter activity; inferred from electronic annotation
GO:8144; drug binding;not recorded
GO:8201; heparin binding; inferred from electronic annotation
GO:8122; amine oxidase (copper-containing) activity; inferred from
electronic annotation
GO:16491; oxidoreductase activity; inferred from electronic annotation
Unknown
GO:8067; metabotropic glutamate, GABA-B-like receptor activity;
inferred from electronic annotation
GO:4872; receptor activity; inferred from electronic annotation
GO:5041; low-density lipoprotein receptor activity; traceable author statement
GO:5509; calcium ion binding; inferred from electronic annotation
GO:8034; lipoprotein binding; traceable author statement
GO:5319; lipid transporter activity; inferred from electronic
Unknown
GO:8222; tumor antigen; traceable author statement
GO:8222; tumor antigen; traceable author statement
Unknown
GO:8181; tumor suppressor; predicted/computed
GO:5044; SRCR; scavenger receptor activity; 3.7e-42;extended: unknown
GO:4868; serpin; not recorded GO:4867; serine protease nhibitor activity;
inferred from electronic annotation
GO:8181; tumor suppressor; traceable author statement serp

products. Aldehyde dehydrogenase and its gene polymorphism
(aldehyde dehydrogenase) are related to liver cancer, gastric
cancer and esophageal cancer. Abe[10] reported that aldehyde
dehydrogenase expression level was obviously down-regulated
in tissues of gastric cancer. In the present study, we also
found that alcohol dehydrogenase IB expression levels were
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Table 6 Comparison between molecular functions of 17 genes in T, P and C
Probe
Set ID

T vs C
SLR

P vs C
SLR

Name

207102-at

-2.4

-3.6

218730-s-at

-2.5

-3.3

204940-at

-3.3

-1.3

Aldo-keto reductase
family 1, member D1
(delta 4-3-ketosteroid-5beta-reductase)
Osteoglycin (osteoinductive
factor, mimecan)
Phospholamban

208281-x-at
216351-x-at
209894-at

-3.3
-3.3
-3.7

-1.1
-1.6
-1.5

Deleted in azoospermia 3
Deleted in azoospermia 4
Leptin receptor

214723-x-at
208282-x-at
219564-at

-3.7
-4.3
-4.3

-1.5
-1.2
-1.2

KIAA1641 protein
Deleted in azoospermia 2
Potassium inwardlyrectifying channel,
subfamily J, member 16

203571-s-at
218087-s-at

-4.8
-5

-1.6
-1.3

207909-x-at

-5.2

-1.2

Adipose specific 2
Sorbin and SH3 domain
containing 1
Deleted in azoospermia

213071-at

-5.3

-1.3

Dermatopontin

201497-x-at

-5.4

-1

Myosin, heavy
polypeptide 11,
smooth muscle

207912-s-at

-5.9

-1.3

Deleted in azoospermia

220630-s-at

-6.3

-1.8

Eosinophil chemotactic
cytokine

GO molecular function
GO:5489; electron transporter activity; experimental evidence

GO:8083; growth factor activity; inferred from electronic annotation
GO:42030; ATPase inhibitor activity; inferred from electronic annotation
GO:5246; calcium channel regulator activity; not recorded
GO:3676; nucleic acid binding; inferred from electronic annotation
Unknown
GO:4896; hematopoietin/interferon-class (D200-domain) cytokine
receptor activity; inferred from electronic annotation
Unknown
GO:3676; nucleic acid binding; inferred from electronic annotation
GO:5242; inward rectifier potassium channel activity; inferred from
electronic annotation
GO:5244; voltage-gated ion channel activity; inferred
from electronic annotation
GO:5267; potassium channel activity; inferred from electronic annotation
Unknown
GO:8092; cytoskeletal protein binding; experimental evidence
GO:3779; actin binding; experimental evidence
GO:3676; rrm; nucleic acid binding activity; 4.3e-10; extended:inferred
from electronic annotation
GO:3723; RNA binding; predicted/computed
GO:5515; protein binding; traceable author statement
GO:5194; cell adhesion molecule activity; inferred from electronic
annotation
GO:3779; actin binding; inferred from electronic annotation
GO:5516; calmodulin binding; inferred from electronic annotatio
GO:5524; ATP binding; inferred from electronic annotation
GO:3774; motor activity; inferred from electronic annotation
GO:3676; rrm; nucleic acid binding activity; 4.3e-10;extended:inferred
from electronic annotation
GO:3723; RNA binding;predicted/computed
GO:16787; Glyco_hydro_18; hydrolase activity; 2.7e-81;
extended:Unknown
GO:16798; hydrolase activity, acting on glycosyl bonds;inferred from
electronic annotation
GO:8061; chitin binding;inferred from electronic annotation

209612-s-at

-6.9

-1.4

Alcohol dehydrogenase IB
(class I), beta polypeptide

GO:8843; endochitinase activity; inferred from electronic annotation
GO:4024; alcohol dehydrogenase activity, zinc-dependent;traceable
author statement
GO:4327; 1.2.1.1; formaldehyde dehydrogenase (glutathione) activity;
3.69e-120; extended: inferred from electronic annotation
GO:4023; alcohol dehydrogenase activity, metal ionindependent; inferred from electronic annotation
GO:4025; alcohol dehydrogenase activity, iron-dependent;inferred from
electronic annotation
GO:8270; zinc ion binding; traceable author statement
GO:4552; 1.1.1.73; octanol dehydrogenase activity; 4.76e-120;
extended: non-traceable author statement
GO:16491; oxidoreductase activity; inferred from electronic annotation
GO: 5489; electron transporter activity; traceable author statement

obviously down-regulated (SLR cancer was-6.9, pericancerous
was-1.4).
Serine protein kinase takes part in translocation and
localization, as well as signal transfer of cells. Oien[20] reported
that serine protein kinase expression levels were obviously
up-regulated in human gastric cancer tissues. In the present
study, we also found that serine protein kinase inhibitor
expression level was obviously up-regulated (SLR cancer

was 7.7, pericancerous was 4.2).
It has been demonstrated that the activity of topoisomerase
II (Topo II) was rapidly increased in proliferating cells from
S phase to G2/M phase, suggesting that this enzyme activity
might be related to the malignant transformation of tumor
cells. So Topo II expression levels (high or low) might be a
parameters for cell proliferation. It also could be used as a
marker for judging the sensitivity and tolerance of antitumor
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drugs. Varis et al[30], reported that Topo II expression level
was obviously up-regulated in human gastric cancer tissues.
Skotheim[31] reported that Topo II expression level was
obviously up-regulated in malignant peripheral nerve sheath
tumors. In our study the Topo II expression was also upregulated in gastric cancer and pericancerous epithelium
(SLR cancer was 2.3, pericancerous was 1.4). It might be
related to a degree of malignancy and resistance. In the
present study, we found that the cell cycle protein M4 (SLR
cancer was 4.5, pericancerous was 3.7) was highly expressed.
It might indicate that tumor cells had a high proliferation ratio.
In our study, the expression of E-cadherin (SLR cancer
was 2.3, pericancerous was 1.8) and integrin 4 (SLR cancer
was 2.7, pericancerous was 2.0) was significantly increased
in gastric cancer as reported by Mori et al[16], Hippo et al[25] and
Oue et al[34].
Cell skeleton tissues and formation of external matrix
of cells play an important role in the invasion of tumors. In
the present study we found a number of genes were involved
in cell skeleton and matrix such as keratin protein 19 (SLR
cancer was 2.5, pericancerous was 1.6), microtubule protein 
4 (SLR cancer was 2.4, pericancerous was 1.4), microtubule
protein 2 (SLR cancer was 2.1, pericancerous was 1.4),
reticuloprotein 1, and interzonal fiber binding protein
500 ku (SLR cancer was 2.1, pericancerous was 1.8). Bae
et al[32] reported that cell skeleton protein was up-regulated
in gastric cancer. Inhibitor 3 of proteins belongs to external
matrix of cells (SLR cancer was 2.3, pericancerous was 1.7).
Wang et al[33] reported that external matrix of gastric cancer
cells was up-regulated. We found that 4/5 patients had a
lymph-node metastasis, and related metastatic genes had a
higher expression, further suggesting that the overexpression
of cell skeleton tissues and external matrix is associated
with tumor invasion and metastasis.
The application of gene chip technique is a revolution
in life science. This kind of study models will produce a
great effect on researches in life science. Gene chip might
provide a new direction for diagnosis, therapy and prevention
of human gastric carcinoma.
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Abstract
AIM: The -catenin has been recognized as a critical
member of the Wnt signaling pathway and plays an
important role in the generation/differentiation of many
tissues. Inappropriate activation of this pathway has been
implicated in carcinogenesis. The mechanism underlying
the development as well as its prognosis of hepatocellular
carcinoma (HCC) has remained unclear. The purpose of
this study is to analyze the expression of -catenin in
HCC in relation to histological grades and viral hepatitis
backgrounds.
METHODS: Thirty-two sections were selected at random from
autopsy and surgical cases of HCC. Immuohistologically,
the location and positivity of -catenin expression in HCC
was examined.
RESULTS: Normal hepatocytes did not express -catenin.
In 78% of HCC -catenin was expressed at the membrane
of the cells, with or without cytoplasmic and/or nuclear
expression. The tumor cells with well- and moderatelydifferentiated grades expressed frequently at the membrane
and cytoplasm compared with poorly-differentiated type.
Nuclear expression of -catenin was prone to occur in
the tumor cells of poorly-differentiated grade. There were
15% of hepatitis C virus (HCV) backgrounds with nuclear
expression. In contrast, there was 38% with nuclear
expression in hepatitis B virus (HBV) backgrounds. In nonBnonC hepatitis, no case expressed nuclear -catenin.

CONCLUSION: The -catenin expression in HCC cells
was heterogenous among types of hepatitis viral infection.
Wnt signaling pathway might be deeply involved in
less-differentiated HCC and HBV background.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major type of primary
liver cancer and one of the rare human neoplasms
etiologically linked to viral factors. Chronic infections with
the hepatitis B virus (HBV) and the hepatitis C virus (HCV)
have been implicated in about 80% of cases worldwide.
However, the molecular mechanisms underlying their
development are still poorly understood.
HCCs display gross genomic alterations, including DNA
rearrangements associated with HBV DNA integration,
loss of heterozygosity, and, less importantly, chromosomal
amplifications and loss of imprinting[1]. Many genes with
somatic mutations have been identified in these tumors.
Most frequently involved genes are tumor suppressor genes
such as p53, -catenin, and retinoblastoma genes[2-4].
-Catenin is a structure protein in the cadherin mediated
cell-cell adhesive system as a regulator[5], and plays an important
role in the generation/differentiation of tissues as well as in
the repair of normal tissues. It is also known to act as a mediator
in the Wingless/Wnt signal transduction pathway[6]. In HCC,
accumulation of -catenin was present in the early stage of
HCC[7,8]. The previous studies investigated the correlation
between -catenin expression and the differentiation grades of
HCC, and prognostic roles of -catenin expression in HCC[9-11].
The purpose of this study is to investigate the expression
of -catenin in HCC in relation to histological grades and
to viral hepatitis backgrounds.
MATERIALS AND METHODS
Liver tissue sections were obtained at random of 32 sections
from 15 autopsy cases and 13 surgical cases. They consisted
of 20 males and 8 females. Age ranged from 36 to 86
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years with an average of 64. The diagnosis was confirmed
histopathologically in all cases, based mainly on examination
of sections stained with H&E.
Immunohistochemistry
The sections were stained immunohistochemically by the
avidin-biotin complex method for -catenin antibody (Mouse
IgG1, BD Transduction Laboratories - BD Biosciences,
SanJose, California, USA) with dilution of 1:200. For
immunostaining, the sections were deparaffinized, washed
with phosphate-buffered saline (PBS, pH 7.4) in 10 min,
soaked in sodium citrate buffer (pH 6.0) and heated in
microwave at 97 ℃ in 15 min for antigen retrieval. It was then
allowed to cool at room temperature before being immersed
into 0.3% H2O2/methanol to block endogenous peroxidase
activity. The sections were pre-incubated with 10% normal
bovine serum to prevent non-specific binding. Primary
antibodies were incubated for 2 h at room temperature.
Secondary antibodies, anti-mouse IgG was applied for
30 min, followed by incubation with avidin-peroxidase for
10 min and visualized with diaminobenzidine (DAB), rinsed
and soaked in PBS for 3-5 min, thrice after each step. They
were counterstained with Mayer hematoxylin.
For the evaluation of immunohistochemical staining of
-catenin, the constitutional expression on the cell membrane
of bile duct at non-cancerous area was used as positive
control (Figure 1). The membranous expression (Figure 2)
was evaluated as (+) when at least one-third section of it
was expressed or strong expression if less than one-third
and (-) when it was unexpressed or less than one-third section
was weakly expressed. The cytoplasmic expression was
evaluated as + when it was stronger than the expression in
non-cancerous areas, and (-) when the expression was the
same as in non-cancerous area. In the nucleus, the expression
(Figure 3) was evaluated as + when it was found clearly in
any portion. All the results were observed and agreed by
two pathologists (Dr. Ito and Dr. Wen).

RESULTS
Relation between histological grade and hepatitis background
There were 20 sections with hepatitis C virus background,
eight with hepatitis B virus, three with nonB-nonC viral
hepatitis, and one section with non-hepatitis infection. Eleven

Figure 1 Constitutive expression of -catenin in normal bile ducts. Membranous
expression is conspicuous in normal bile ducts and newly formed bile ducts
(arrow heads), but no expression is observed in normal hepatocytes.
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sections were well-differentiated type, 17 were moderatelydifferentiated type, and four sections were poorlydifferentiated type. In well-differentiated cases, their
backgrounds consisted of two with viral hepatitis B, six
with viral hepatitis C, and three with nonB-nonC viral
hepatitis. In moderately-differentiated sections, their
backgrounds were three sections with viral hepatitis B, 13
sections with viral hepatitis C, and one section with nonBnonC viral hepatitis. In poorly-differentiated cases, their
backgrounds were three with viral hepatitis B and one section
with viral hepatitis C.
Immunocytochemical expression of  -catenin
Most sections (25 of 32 sections: 78%) expressed at the
membrane of the cells. Among them, 17 of 32 sections
(53%) were only expressed at the membrane (Figure 2).
For cytoplasmic expression, there were 9 of 32 cases (28%),
but 7 of 32 sections (22%) were only expressed at the
cytoplasm and two cases were associated with membranous
and/or nuclear expression. There were 7 of 32 (22%)
sections with nuclear expression (Figure 3) and there were
no cases with nuclear expression alone. Figure 4 shows
percentages of immunocytochemical expression pattern in
the tumor cells.
Relation between hepatitis background and  -catenin
expression (Table 1)
There were eight sections with HBV background which were
mainly -catenin expression of membranous type, in which
three sections were both membranous and nuclear expressions.
There were 20 sections with HCV background in which six
sections were cytoplasmic. Two sections were membranous
and nuclear type. One section was membranous and cytoplasmic
expression. One section was membrano-cytoplasm-nuclear
expression and 10 sections were membranous expression
of -catenin. The sections with nonB-nonC expressed only
membranous type. Overall the nuclear localization of
-catenin was highly encountered in HBV background.
Relation with the grade of HCC histology of  -catenin
expression (Table 2)
For well-differentiated grade, there were five sections with
membranous expression, three sections with cytoplasmic
expression, two sections with membrano-nuclear expression,
and one section with membrano-cytoplasmic expression. For

Figure 2 Membranous expression. Membranous expression is conspicuous
in tumor cell membranes. This case is moderately-differentiated HCC.
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moderately-differentiated grade, there were 11 sections with
membranous expression, four sections with cytoplasmic
expression, and two sections with membrano-nuclear
expressions. For poorly-differentiated grade, there was one
section with membranous expression, two sections with
membrano-nuclear expression, and one section with
membrano-cytoplasm-nuclear expression.
There were 7 of 32 sections (22%) which expressed the
nuclear type, in which three sections were encountered in
poorly-differentiated grade, two sections in moderatelydifferentiated grade, and two sections in well-differentiated
grade. In each differentiation grade, nuclear expression was
highly detected in poorly-differentiated type (3 of 4 sections,
75%) compared with well (2 of 11 sections, 18%) and
moderately-differentiated types (2 of 17 sections, 12%).

DISCUSSION
Prevalence and localization of -catenin nuclear expression
and mutation varies among previous reports[7,9-15] . Also
prognostic implication of -catenin expression in
hepatocarcinogenesis is inconsistent[9-11,14,15,]. Some reports
suggest better prognosis in cases with nuclear expression
and mutation[10,16], but most reports indicate tumor progression
and tumor cell proliferation[9,11,15].
In HCC, accumulation of -catenin was present in the
early stage of HCC. Most authors have described that
-catenin is strongly expressed on the membrane of HCC
cells[7,9-11]. Suzuki et al[7] showed that -catenin expression in
nodule-in-nodule HCC is 41.7% at the membrane and
41.7% in the cytoplasm of the cells. Inagawa et al[9] noted
that about 61% exhibited increased membranous and/or
cytoplasmic expression. Hey-Chi Hsu et al[10] examined
366 cases of multifocal HCCs and stained 282 cases
immunochemically for -catenin, in which 212 cases (57.9%)
expressed at the cell membrane alone and 70 cases (19.1%)
expressed scattered nuclear expressions. We have
documented 78% -catenin expression at the membrane
with or without cytoplasmic and/or nuclear expression, in
which 53% of them expressed only at the membrane of
the cells. The tumor cells with well- and moderatelydifferentiated grade expressed at the membrane and
cytoplasm for -catenin. Nuclear expression of -catenin
occurred in moderately- and poorly-differentiated grades,
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Table 1  -Catenin expression and viral hepatitis background

HBV
HCV
NonB-nonC

M (%)

M+N (%)

M+C (%)

M+N+C (%)

C(%)

49 (4/8)
50 (10/20)
100 (3/3)

38 (3/8)
10 (2/20)

13 (1/8)
5 (1/20)

5 (1/20)

30 (6/20)

M: membranous, M+N: membranous and nuclear, M+C: membranous and
cytoplasmic, M+C+N: membranous, cytoplasmic, and nuclear, C: cytoplasmic.

Table 2 -Catenin expression and histological grade

Well
Moderate
Poor

M (%)

M+N (%)

M+C (%)

46 (5/11)
65 (11/17)
25 (1/4)

18 (2/11)
12 (2/17)
50 (2/4)

9 (1/11)

M+N+C (%)

C (%)
27 (3/11)
23 (4/17)

25 (1/4)

M: membranous, M+N: membranous and nuclear, M+C: membranous and
cytoplasmic, M+C+N: membranous, cytoplasmic, and nuclear, C: cytoplasmic.

although having no section with nuclear expression alone.
In viral infection background, HBV-infected HCC expressed
nuclear translocation in high prevalence. These findings
suggest that nuclear expression of -catenin is likely to be
induced in less-differentiated type and HBV backgroud.
Nuclear expression of -catenin implies more important
roles in view of tumor progression than membranous and
cytoplasmic expression. -catenin can enter the nucleus by
binding the T-cell factor and lymphoid-enhancer factor
family of DNA binding proteins, and regulates transcription
of target genes, such as cyclin D1 and c-myc. Both c-mys
and cyclin D1 are involved in the transition between the
G1-S check-point of the cell cycle and do so by influencing
the activity of retinoblastoma tumor-suppressor pRB[17,18].
Cyclin D1 is a major regulator of the progressing of
cells into proliferation stage of the cell cycle. Increased
-catenin levels may promote neoplastic conversion by
triggering cyclin D1 gene expression and consequently
uncontrolled progression into the cell cycle. Activation of
cyclin D1 and disruption of the Rb pathway are also
commonly involved in liver tumorigenesis[18]. In our cases
cyclin D1 was expressed only in poorly-differentiated
HCCs (data not shown). In less-differentiated HCCs, cell
proliferation might be induced via -catenin/cyclin D1 signal
pathway[10,19] . But the prevalent type of HCC, well- and
moderately-differentiated type, does not seem to be involved

M

22%

M, C
3%

53%

M, N
M, C, N

19%
C
3%
Figure 3 Nuclear expression. Nuclear expression is encountered in the
poorly-differentiated HCC (arrows). Most cells co-expressed -catenin in the
cytoplasm.

Figure 4 Localization of -catenin expression in cell level. M: membranous,
M+C: membranous and cytoplasmic, M+N: membranous and nuclear, M+N+C:
membranous, cytoplasmic, and nuclear, C: cytoplasmic.
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in cyclin D1 overexpression. One study suggests that without
cyclin D1 activation the -catenin-related cell proliferation
exists in hepatocarcinogenesis[9,20]. And the study on embryonic
development indicated that -catenin might not regulate
cyclin D1 during liver development[21].
Statistical analysis clearly showed a distinction between
the gene expression profiles of HCV and HBV-related
HCC[22] . HBV-associated HCC exhibited involvement of
different cellular pathways, those controlling apoptosis, p53
signaling and G1/S transition. In HCV-related HCC a more
heterogenous pattern with an over-expression of the TGFbeta induced gene was identified. It is still unclear as to
whether the gene expression profile in HCV or HBV-related
HCC exhibits a degree of specificity[22].
By mutational analysis of -catenin gene, Hey-Chi Hsu
et al[10] indicated that mutation plays a more important role
in the tumorigenesis of non-HBV-related HCC than in HBVrelated HCC and different types of -catenin mutations
reflect different etiologies of carcinogenesis in specific
tissue. In this study, viral hepatitis backgrounds were 63%
of HCV and 25% of HBV. This prevalence is similar to that
of previous studies. There are differences of expression
pattern for -catenin between B and C viral hepatitis
backgrounds. Nuclear translocation was highly observed in
HBV background. These results suggest that the expression
of -catenin is influenced by virus infections and carcinogenesis
of HBV and HCV infections are different. Integrated hepatitis
B virus (HBV) DNA is present in many HCC, suggesting
that HBV has a direct oncogenic effect through interaction
with transformation-associated genes. The HBX protein of
hepatitis B virus is thought to contribute to the development
of carcinoma by disruption of intercellular adhesion. -catenin
was tyrosine-phosphorylated in a Src-dependent manner in
HBX-expressing cells. Tyrosine phosphorylation of -catenin
by Src kinase results in an increase in its free cytosolic pool.
Recent study suggests that HBX induces the stabilization
and subsequent nuclear translocation of -catenin by
activating Src kinase and GSK3 suppression.
The overall cytological expression pattern was not consistent
with previous reports, suggesting that ethnical and district
differences are significant in Wnt signaling pathway in
hepatocarcinogenesis. More studies are warranted to understand
the expression of -catenin which effects histological grade
and viral hepatitis background in HCC better.
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Abstract

CONCLUSION: Contrast-enhanced C3-MODE technology
can effectively differentiate malignant liver tumors from
the benign nodules. It highly agrees diagnostically with
the pathology. We suggest that it provides a new approach
for differential diagnosis of liver nodules in addition to
contrast-enhanced CT.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

Key words: Contrast medium; Harmonic imaging; Hepatic
nodule; Ultrasound
Luo BM, Wen YL, Yang HY, Zhi H, Ou B, Ma JH, Pan JS, Dai
XN. Differentiation between malignant and benign nodules
in the liver: Use of contrast C3-MODE technology. World J
Gastroenterol 2005; 11(16): 2402-2407

AIM: To investigate the value of contrast-enhanced
C3 -MODE technology in differentiating malignant nodules
of liver from the benign ones.
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METHODS: Forty-six nodules in 36 patients (29 men and
7 women) were studied by contrast-enhanced C3 -MODE
technology and contrast-enhanced CT in 1 wk before the
biopsy or operation. A low MI monitor and a high MI flash
imaging were intermittently performed. After the injection
of contrast agent, the period from 10 to 30 s and the time
later than 100 s were respectively defined as early arterial
phase and the late phase. The vascularities of the liver
nodules in the two phases were combined for differential
diagnosis. Corresponding to the pathological diagnosis,
the accuracy, sensitivity and specificity of contrastenhanced C3-MODE technology were compared to those
of contrast-enhanced CT.

INTRODUCTION
With the development of ultrasonography, small lesions in
liver can be sensitively detected[1]. However, because of
the similar appearance in B-mode image, it is difficult for
B-mode ultrasonography to differentiate the malignant from
the benign ones.
The intranodular blood supply is the base of differential
diagnosis of hepatic nodules. Color Doppler imaging (CDI)
and power Doppler imaging (PDI) are quite useful in some
settings for detecting the intranodular blood signals[2,3].
Unfortunately, the ability is not satisfying due to the low
sensitivity of CDI and PDI to weak blood signals, and the
differential diagnosis of nodular hepatic lesions should be
on the basis of other imaging approaches, such as three-phase
dynamic CT, MRI or digital subtraction angiography[4,5]. As
ultrasonography is often the first choice of scanning in
assessment of nodular hepatic lesions because of its
noninvasiveness and cheapness, new technologies of
ultrasound do great effort for revealing the difference
between malignant and benign lesions. Contrast-enhanced
ultrasound is one of those newly developed technologies.
With use of contrast agent and some special contrastenhanced technique, the ability of differentiation on
ultrasound has been greatly developed[6-14].
Combined Contrast Chain procession (C 3-MODE
technology) has been developed in recent years. Based on
the delayed transmission and the technology that modify
the signals of different phase and frequency in different ways,
C3-MODE technology can use not only the sub-harmonic,
second harmonic and ultra-harmonic signals, but also the

RESULTS: By C3 -MODE technology, 33 of the 46 liver
nodules were demonstrated as defected area in the late
phase and were diagnosed as malignant tumors. Of them,
28 with hypervascularity in the early arterial phase were
assessed as hepatocellular carcinoma, the other five
nodules with rim-like enhancement in the early arterial
phase were diagnosed as metastatic tumors. Thirteen
nodules were shown as iso or hypervascularity in the late
phase as well as centripetal filling in the early arterial
phase and we made a diagnosis of hemangioma.
Corresponding to the pathological results, the sensitivity,
specificity and accuracy of contrast-enhanced C3-MODE
technology in differentiating malignant and benign nodules
in the liver were 97.0%, 92.3% and 95.7%, respectively.
With comparison to those of contrast CT (sensitivity,
94.1%; specificity, 91.7%; accuracy, 93.5%), the
difference was not significant.
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fundamental signals which come from the microbubbles.
As a result, C3-MODE technology theoretically has high
sensitivity and specificity to the signals produced by
microbubbles. This study was planned to investigate the
detectability of contrast-enhanced C3-MODE technology
on intranodular blood signals of nodular hepatic lesions,
and its ability in differentiating malignant from benign
nodular lesions of liver.

MATERIALS AND METHODS
Materials
From March to October 2002, 36 patients with 46 nodular
lesions of liver were enrolled into this study. Oral informed
consent from each patient was obtained by explaining the
purpose of the study before contrast-enhanced ultrasonography
was performed. Of the patients, 29 were men and 7 were
women. The ages ranged from 29 to 76 years (mean±SD,
52±12 years). Fifteen of them had B type hepatitis and the
others did not have any type of hepatitis. Twenty of the
patients had single lesion and the other ten had double
lesions in the liver. The maximal diameter of the lesion
was recorded according to ultrasonography and ranged
from 0.49 cm to 5.72 cm (mean±SD, 2.67±1.26 cm). Thirtythree of the lesions were less than 3.0 cm in maximal
diameter (mean±SD, 1.96±0.74 cm). The depths of the
lesions (the distance from the surface of the skin to the far
edge of the lesions) were from 3.6 cm to 12 cm (mean±SD,
7.6±2.37 cm). All patients were diagnosed with C3-MODE
technology, contrast-enhanced CT, MRI and/or DSA.
The final diagnosis for each nodule was confirmed by
ultrasound-guided biopsy or pathological examination after
operation.
C3-MODE technology
Ultrasonography was performed a week before biopsy or
operation. The used machine was Esaote Technos DU6
(Esaote Co., Italy). A convex-arrayed transducer was used
with the frequency of 2.5 MHz. Before contrast-enhanced
C3-MODE technology was performed, the lesions were
scanned with fundamental B-mode and CDI to choose a
good plane and posture for researching. During this time,
the size, echo type and the depth of the lesion were recorded.
C3-MODE technology was started with a low MI of 0.2-0.3.
After administration of contrast agent, flash imaging was
emitted intermittently with a high MI of 1.0-1.2. Focus was
located in the deep level of the lesion. From the time about
10 s after the bolus injection of Levovist (early arterial
phase), the flash imaging was performed 3-5 times with an
interval of about 5 s. Then low MI C3-MODE technology
was scanned to monitor the lesion. In the late phase (after
100 s from the administration of the contrast agent), flash
imaging was emitted twice with an interval of 10 s. All
ultrasonography were performed by the same sonographer
to minimize the bias. The information of ultrasound
examination was stored on magnetic optical disks and digital
videotapes.
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which was obtained by adding 7 mL sterile water into 2.5 g
Levovist microparticles. Eight milliliters of the contrast agent
was injected as a bolus via an antecubital venous with the
speed of 1 mL/s, then, flash with 5 mL of normal saline.
If there were two nodules in the liver, two vials of Levovist
were used. Each of the contrast agents was injected
separated by an interval of more than 10 min.
All the contrast-enhanced C3-MODE technology studies
were performed by the same operators for decreasing the
variation. The contrast-enhanced patterns were assessed by
three experienced sonographers who did not know the
results from contrast-enhanced CT and pathological
diagnosis. The contrast-enhanced pattern of the lesions in
early arterial phase and late phase were assessed with
comparison to the liver parenchyma around the lesions.
After administration of Levovist, compared with peripheral
liver tissue, hyperechoic or iso-echoic pattern was considered
to be positive enhancement. In contrast, hypoechoic pattern
was defined as negative enhancement.
Contrast-enhanced CT
Contrast-enhanced CT was performed a week before biopsy
or operation. Siemens Somatom AR. T (Siemens, Berlin,
German) was used. A plain scanning was obtained before
contrast agent was used. The used contrast agent was
100 mL of Iopromide 300 (Schering, Guangzhou, China).
About 25 s after the administration of the contrast agent,
contrast-enhanced CT scanning was obtained. On contrastenhanced CT scanning, a high attenuation or iso-attenuation
of the hepatic nodule was assessed as positive intranodular
vascularity. A low attenuation of the nodule was considered
to be negative intranodular vascularity. All CT scanning
were reviewed by two experienced radiologists who did
not know the results on contrast-enhanced C3-MODE
technology.
Statistical analysis
The sensitivity, specificity and accuracy of each approach
for differentiating malignant and benign lesions were assessed
corresponding to pathological diagnosis. When the ability
of contrast-enhanced C3-MODE technology in differentiating
malignant and benign lesions was compared to that of
contrast-enhanced CT, the 2-square test was used. When
P value was less than 0.05, the difference was considered to
be significant.

RESULTS
The diagnosis made by contrast-enhanced C 3-MODE

Table 1 Appearance of the 46 hepatic lesions on contrast-enhanced C 3-MODE technology: corresponding to the pathological
diagnosis
C3-MODE

HCC

Contrast agent
Levovist was used with a concentration of 300 mg/mL,

Pathological diagnosis
HCC

Metastatic
tumor

Hemangioma

Lipid
degeneration

27

0

1

0

Metastatic tumor

0

5

0

0

Hemangioma

0

1

9

3
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Figure 1 A: hepatocellular carcinoma; B: heterogenous high attenuation on
contrast-enhanced CT; C: low echo on B-mode image; D: the hypervascularity

in early arterial phase on contrast-enhanced C3-MODE technology; E: perfusion
defect in the late phase on contrast-enhanced C 3-MODE technology.

technology and pathological diagnoses are shown in Table 1.
On contrast-enhanced C3-MODE technology, 33 of the
46 nodules were demonstrated as defected area in the late
phase and were assessed to be malignant tumors. Of them,
28 nodules showed intranodular vascularity, which appeared
from the edge to the center of the nodules, and assessed to
be hypervascular tumors in the early arterial phase and HCC
was diagnosed (Figure 1). The other five nodules showed
rim-like enhancement in the early arterial phase and the
diagnosis of metastasis was made (Figure 2). Corresponding
to the pathological diagnosis, the positive and negative
predictive value to hepatic malignant tumor of contrastenhanced C3-MODE technology was 97.0% (32/33) and
92.3% (12/13), respectively.
Using contrast-enhanced C3-MODE technology, 13 nodules
were found with spot-like or wool-cotton enhancement and
centripetal filling in the early arterial phase followed by longtime enhancement which lasted till the late phase. All of them
were assessed to be hemangioma (Figure 3). According to the
pathological diagnosis, the three fatty degenerative nodules
(Figure 4) and one metastatic tumor were falsely diagnosed.
Corresponding to the results of pathological diagnosis,

the sensitivity, specificity and accuracy of contrast-enhanced
C3-MODE technology on malignant hepatic tumors were
97.0%, 92.3% and 95.7%, respectively (Table 2).
The diagnosis made by adopting contrast-enhanced CT
is shown in Table 2. One HCC was falsely diagnosed to be
cystic change on the basis of its low attenuation on contrastenhanced CT. In addition, two of the fatty degenerative
nodules were assessed to be HCC by contrast-enhanced
CT. Hence, the diagnostic sensitivity, specificity and accuracy
of contrast-enhanced CT to malignant hepatic tumors was
94.1%, 91.7% and 93.5%, respectively (Table 2). There
was no significant difference between the ability of contrastenhanced C3-MODE technology and contrast-enhanced CT
on differential diagnosis of nodular hepatic nodules.

Table 2 Ability of differential diagnosis of malignant or benign
lesions in liver: comparison between contrast-enhanced C 3-MODE
technology and contrast-enhanced CT
Pathological diagnosis
Malignant
C3-MODE Malignant
Benign
CT

Malignant
Benign

Total

Benign

32

1

1

12

32

2

1

11

33

13

Sensitivity Specificity Accuracy
97.0%

92.3%

95.7%

94.1%

91.7%

93.5%

DISCUSSION
Contrast-enhanced ultrasonography has been developed
rapidly in recent years. From fundamental CDI to second
harmonic imaging, the detectability of contrast-enhanced
ultrasound to the intratumoral vascularity of hepatic tumors
increased significantly [6,7]. However, the relatively low
sensitivity to contrast-enhanced signals of second harmonic
imaging limited its use in clinical settings. Many kinds of
new technologies were developed for higher detection of
intratumoral vascularities of hepatic tumors for differential
diagnosis[10,11]. Unfortunately, as the contrast agent was being
injected via a peripheral venous, the concentration of the
contrast agent decreased to 5% of the primary one when it
reached the target organs because of the dilution of blood,
attached by tissue or destroyed en route[15,16]. To increase
the efficiency in utilization of the signals from microbubbles
may be an effective way to increase the sensitivity of
ultrasound. As reported, many new harmonic technologies
greatly increased the detectability to harmonic signals by

Luo BM et al. Differentiation of liver nodules
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Figure 2 A: a 1.5 cm-sized metastatic adenocacinoma in liver; B: low
attenuation on contrast-enhanced CT; C: rim-like enhancement in early arterial

phase (28 s) and perfusion defect (46–130 s) on contrast-enhanced C 3-MODE
technology.

different mechanisms [17,18]. However, they ignore the
fundamental signals scattered from microbubbles, which is
the strongest part of the signals from the microbubbles. To
effectively use this part of the signals may be a useful way
to increase the sensitivity of ultrasound to the contrastenhanced signals. On the basis of the techniques of delayed
emission method, time and dimension double manager
technique and contrast moving scan (low MI monitor and
high MI flash), C 3-MODE technolog y was recently
developed. When it receives the signals from the contrast

agent, C3-MODE technology catches not only the second
harmonic signals, but also the sub-har monic, ultraharmonic and fundamental signals from the microbubbles.
As a result, more signals scattered by microbubbles were
used. Theoretically, a higher resolution and sensitivity could
be obtained.
In this study, C3-MODE technology was performed with
double mode, a low and a high MI mode. It is convenient
to change the mode by pushing a small button. Low MI
image can observe the lesion continuously without destroying

A

B

D

E

Figure 3 A: a 4.1 cm-sized hemangioma; B: heterogenous high attenuation on
contrast-enhanced CT; C: hypoechoic lesion on B-mode image; D: the spot-like

C

enhancement in early arterial phase on contrast-enhanced C3-MODE technology;
E: centripetal filling in late phase (e) on contrast-enhanced C3-MODE technology.

2406

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

A

B

C

D

April 28, 2005

Volume 11

Number 16

Figure 4 A: a hyperechoic lesion; B: pathological diagnosis of fatty degeneration;
C: the intranodular enhancement on contrast-enhanced C3-MODE technology in

the early arterial phase; D: the intranodular enhancement in the late phase on
contrast-enhanced C 3-MODE technology.

the microbubbles of the contrast agent, and high MI image
can demonstrate the flash image by destroying the
microbubbles. So we can monitor the lesion on low MI
image which helps us from not losing the target, and observe
the contrast-enhanced effect on high MI image.
In this study, we differentiate malignant tumors from
benign ones according to the perfusion defect in the late
phase on contrast-enhanced C3-MODE technology. Thirtytwo (69.6%) of the 46 nodules that showed perfusion defect
in the late phase were proved to be malignant tumors, in
this study. The specificity was as high as 97.0% and
sensitivity was 92.3%. In contrast, those that showed high
echo or iso-echo in the late phase were considered to be
benign nodules. The diagnostic sensitivity and specificity
were comparable to those of contrast-enhanced CT. With
the help of the appearance in the early arterial phase, C3MODE technology can effectively differentiate HCC from
metastatic tumors. The diagnoses were highly agreeable with
the pathological diagnosis.
On C3-MODE technology, one metastatic tumor was
falsely diagnosed to be hemangioma and one hemangioma
was falsely assessed to be HCC. This may be due to the
high echo appearance of them on B-mode image, which
disturbed the assessment of contrast-enhanced image. Other
metastatic tumors were shown with rim-like enhancement
in the early arterial phase and perfusion defect in the late
phase. It may due to hypovascularity of these tumors which
originated from the rectum.
In 13 benign nodules, three nodules of lipid degeneration
were diagnosed to be hemangioma on C 3 -MODE
technology. It may be due to the high echo of the nodules
and the loss of experience of its hemodynamics. By
reviewing the video, we found that homogenous
enhancement of the nodules occurred in the early arterial
phase but not in the cotton-wool pattern.

The relatively small group and fewer kinds of the nodules
are limitations of this study. In addition, C 3-MODE
technology is still a high MI contrast-enhanced technology.
It observes the contrast-enhanced effect mainly on the basis
of high MI flash imaging. As the flash image is obtained,
the microbubbles were destroyed rapidly. As a result, we
cannot observe the contrast-enhancement continuously.
In conclusion, C3-MODE technology can effectively
depict the blood supply of hepatic nodules in the early arterial
phase and the late phase by using a double mode system. It
gets a high diagnostic agreement with pathological diagnosis
in differential diagnosis of nodular hepatic lesions. We
suggest that it provides a new approach for differentiating
the malignant tumors from the benign lesions in the liver.
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ASODN mixed with lipiodol infusion via hepatic artery can
be used in the treatment of HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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Abstract
AIM: To study the distribution and stability of antisense
oligodeoxynucleotide (ASODN) in Walker-256 cells and
their distribution in liver, lung and kidney tissues after
being infused alone or mixed with lipiodol via hepatic artery
in a rat liver tumor model.
METHODS: 5’-Isothiocyananate (FITC)-labeled vascular
endothelial growth factor (VEGF) ASODN was added
into Walker-256 cell culture media. Its distribution in
cells was observed by fluorescence microscope at
different time points. Walker-256 carcinosarcoma was
transplanted into Wistar rat liver to establish a liver
cancer model. 5’-FITC-labeled VEGF ASODN mixed
with (mixed group, n = 6) or without (TAI group, n = 6)
ultra-fluid lipiodol was administrated via hepatic artery.
Frozen samples of liver, lung and kidney tissue were
taken from rats after 1, 3 and 6 d, respectively. The
distribution of ASODN was observed under fluorescent
microscope.
RESULTS: ASODN could enter cytoplasm within 2 h and
nuclei within 6 h. Accumulation of ASODN reached the
peak point in nuclei at 12 h, and then disappeared
gradually. No fluorescence could be seen in cells at
48 h. In vivo experiment, on d 1 and 3 the fluorescence
staining in liver was stronger in mixed group than in TAI
group and more fluorescence could be detected in lung
and kidney in TAI group than in mixed group. On d 6, no
fluorescence could be detected in TAI group, but faint
fluorescence could be seen in mixed group. ASODN could
be seen in cancer cells and normal hepatic cells. In
mixed group, ASODN was mainly distributed in liver
tumor tissues.
CONCLUSION: ASODN can transfect Walker-256 cells.

INTRODUCTION
Angiogenesis plays an important role in tumor progression
and metastasis. One of the key mediators of angiogenesis
is vascular endothelial growth factor (VEGF)[1-4]. It is
overexpressed and secreted by the majority of human and
animal tumors. Hepatocellular carcinoma (HCC) is one of
the most common cancers in China. It is a hypervascular
cancer and easy to metastasize. Recent studies indicate that
VEGF is overexpressed in HCC tissues and positively related
with progression and metastasis[5-7].
Antisense oligodeoxynucleotides (ASODNs) are short
synthetic DNA molecules, their sequences are complementary
to those present in specific target mRNA within cells. They
can bind to target mRNA and block gene expression. They
are becoming the focus of attention as a tool for downregulation of gene expression that contributes to disease
states[8]. It was reported that VEGF ASODN inhibits VEGF
expression of cultured tumor cells and growth of implanted
tumors in nude mice and is a potential drug to inhibit angiogenesis,
prevent recurrence and metastasis of HCC[9-11]. However,
there is no satisfactory method to deliver ASODN into the
target tumor tissue and cells. Systemic administration of
ASODN needs a high dosage, causes many side effects,
and has no organ specificity for gene transfection[12-15] .
Hepatic artery infusion (HAI) of ASODN can result in
transfection organ or tumor tissue specificity; reduce the
dosage and side effects. However, the time of ASODN
action with tumor cells is transient and the transfection
efficiency is still low.
Lipiodol is a common liquid embolic agent for transcatheter
hepatic artery embolization for HCC. It stays in tumor tissue
for a long period of time (several months), is absorbed by
tumor cells[16,17], and acts as a carrier of chemotherapeutic
agents to maximize the concentration and exposure time in
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the tumor. We assumed that ASODN and lipiodol mixture
infused via hepatic artery could enhance its transfection
efficiency. In this study, we compared the different
distributions of ASODN in Walker-256 carcinosarcoma
liver transplantation model after infusion of ASODN alone
or mixed with lipiodol via hepatic artery.

MATERIALS AND METHODS
Oligodeoxynucleotides (ODN)
Phosphorothioate ASODN with 5’ end labeled with
fluorescein isothiocyanate (FITC) was synthesized by
Shanghai Sangon Biological Engineering Technology and
Service Co., Ltd. Its sequence is 5’-GCA GTA GCT GCG
CTG ATA GCG C-3’, complementary to the exon 3 area
of VEGF mRNA.
Cellular experiments
Walker-256 carcinosarcoma cells were purchased from
China Center for Type Culture Collection. After recovery,
the cells were inoculated into the abdominal cavity of male
pathogen-free Wistar rats, weighing 100-120 g (Department
of Experimental Animals, Tongji Medical College). Three
days later, 0.2 mL of cancerous ascites was aspirated and
cultured in RPMI-1640 containing 5 mL/L fetal calf
serum (FCS) (Gibco, Grand Island, NY) and equilibrated
with 950 mL/L air and 50 mL/L CO2. Cells were passaged
every 2 d. After the 3rd passage, cells were seeded into a 24well plate at 1×103/well (100 L/well), cultured with 33 g
(20 L) FITC-ASODN at 37 ℃ in a humidified atmosphere
containing 950 mL/L air and 50 mL/L CO2. At 2, 6, 12,
24, 36 and 48 h, the cells were harvested, washed with nonserum medium thrice, dropped onto a slide, and then the
FITC-ASODN cellular distribution was observed under a
fluorescence microscope (Olympus, Japan).
Transplantation liver cancer model in rats
Tumor implantation was performed using a technique
described by Li et al. Briefly, Walker-256 carcinosarcoma
cells were inoculated subcutaneously into the right flank of
Wistar rats with 1×107 tumor cells in approximately 0.1 mL of
cell suspension. The tumor was palpable 7 d after inoculation.
Fresh tumor tissue was isolated and cut into 1-mm3 sections.
The recipient animal was laparotomized through a midline
abdominal incision under intraperitoneal anesthesia with 1%
pentobarbital sodium (30 mg/kg body weight). The left lateral
lobe of the liver was protruded out of the abdominal cavity
and a subcapsular tunnel about 3-5 mm in depth was made
by a fine-point tweezers. Then a solid tumor fragment was
inserted into the subcapsular tunnel and fixed with a small
piece of gelfoam on the liver surface. The abdominal cavity
was closed, and the rat was bred. One week later, a
transplanted tumor 0.5-1 cm in diameter grew in the left
lobe of liver.
Catheterization of hepatic artery
Ten days after the implantation, another midline abdominal
incision was made under intraperitoneal anesthesia. The
common hepatic artery, gastroduodenal artery and right
hepatic artery were isolated under a binocular operative
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microscope (Suzhou Medical Instruments Factory, Jiangsu,
China). Through an arteriotomy of the gastroduodenal
artery, the gastroduodenal artery was catheterized retrograde
for drug infusion with a Portex PE10 tube (inner diameter
0.28 mm, external diameter 0.61 mm, Neolab, Germany)
and temporarily fixed by a suture.
Animal group and ASODN infusion
Twelve tumor-bearing rats were divided into TAI group
and mixed group, six rats each. TAI group received 165 g
FITC-ASODN diluted with 0.2 mL PBS and mixed group
received 165 g FITC-ASODN mixed with 0.2 mL lipiodol
(Lipiodol UltraFluid, Andre Guerbet, Aulnay-sous-Bois,
France). The drugs were infused retrograde into the
gastroduodenal artery through the PE10 tube, while the
common hepatic artery and right hepatic artery were
temporarily ligated. Ten minutes after drug infusion, the
tube was pulled out, the gastroduodenal artery was ligated,
the common hepatic artery and right hepatic artery were
untied and the abdominal wall was closed.
ASODN distribution
On d 1, 3 and 6 after drug administration, two animals in
each group were killed at each time point. The liver tumor
tissue, adjacent normal liver tissue, lung and kidney tissue
samples were excised and frozen in liquid nitrogen and
stored at -70 ℃. Frozen sections (5 m in thickness) were
cut and observed under a fluorescence microscope.

RESULTS
Cellular uptake and distribution of FITC-ASODN
At 2 h after Walker-256 cells were cultured with FITCASODN, granular fluorescence was detected in cytoplasm,
and no fluorescences were detected in nuclei. At 6 h
fluorescences in cytoplasm became denser and granular
fluorescences were seen in nuclei. At 12 h fluorescences in
cytoplasm and nuclei reached the peak. Then fluorescences
disappeared gradually. No fluorescences could be seen in
cells at 48 h (Figure 1).
Distribution of FITC-ASODN in rat liver tumor model
In mixed group, on d 1, fluorescences were detected mainly
in liver tumor tissues and heavily stained with deep-yellow
color. The delimitation of cells was hard to identify. Some
peri-tumor zone also contained fluorescences. In lung and
kidney tissues, the fluorescence was stained lightly. Piecelike fluorescence stain could be detected in some small areas
of the lung tissues. On d 3, fluorescences in tumor and
peri-tumor tissues became less, were mainly distributed in
tumor tissue and could be found in most tumor cells. On d 6,
fluorescences in tumor and peri-tumor tissues became further
less, but fluorescences were still seen. Faint fluorescences
were seen in lung and kidney on d 3 and 6 (Figure 2A).
In TAI group, fluorescences were dense in liver tumor
and peri-tumor tissue, lung and kidney tissues on d 1, and
then decreased gradually. No fluorescence was seen on d 6.
The fluorescences in liver tumor and peri-tumor tissue in
TAI group were much less than those in mixed group at
each time point (Figure 2B).
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Figure 1 Distribution of FITC-ASODN in Walker-256 cells.

DISCUSSION
ASODN is a new therapeutic agent for HCC treatment. It
binds specifically to mRNA via Watson-Crick base pair
interaction and blocks the translation of corresponding
proteins[9] . It can penetrate cell membrane and achieve
appropriate concentration in the correct intracellular
compartment (cytoplasm or nucleus)[18]. Tumor cell is the
target cell of most designed ASODNs, such as VEGF
ASODN. How to efficiently deliver ASODN to liver tumor
cells remains to be solved[19]. Systemic intravenous injection
is the routine route for ASODN administration. Studies of
the distribution and metabolism of ASODN revealed that
ASODN delivery has no organ specificity, ASODN stays
in liver transiently, and high dose is required for transfection
of hepatic cells[20-23]. Graham et al[24,25] reported that after a
10 mg/kg ASODN bolus, intracellular drug levels in liver
reached the peak at 8 h and diminished significantly
thereafter. Nonparenchymal (Kupffer and endothelial) cells
contain approximately 80% of the total organ cellular dose,
while the remaining 20% is associated with hepatocytes. At
doses lower than 25 mg/kg, hepatocytes contain significantly
less drug with no detectable ASODN in nuclei. Doses at or
above 25 mg/kg appear to saturate nonparenchymal cell
types, whereas hepatocytes continue to accumulate drugs

in all cellular compartments, including nuclei. A higher dose
of ODN may result in more side effects such as dosedependent hypotension, complement activation, and
transient prolongation of thromboplastin time [12-15].
Transcatheter artery infusion (TAI) can enhance the
concentration of therapeutic gene, realize gene transfection
in target organ selectively, and reduce dose and side effects.
This administration route has been widely used in experimental
and clinical gene therapies for brain tumor [26] , coronary
artery occlusive diseases[27], etc. However, as for the liver
tumor treatment, the action ASODN on HCC cells is still
transient, the transfection efficiency is still low, and the in
vivo distribution of ASODN in liver and other organs after
HAI has not been reported.
Most HCCs are hypervascular tumors. Their blood
supply mainly comes from hepatic artery. Lipiodol can
selectively accumulate in HCC when it is injected into the
hepatic artery. The mechanism of selective retention of
lipiodol in HCC includes the “siphoning effect” of tumor
vessels resulting in lipiodol flowing into tumor vessels, the
electrostatic difference between lipiodol and cancerous
endothelia, transcapillary leak coupled with lack of lymphatic
and Kupffer cell’s clearance of lipiodol in HCC, membranous
attachment of lipiodol to tumor cells, pinocytosis of lipiodol
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Figure 2 Cellular distribution of FITC-ASODN in liver, lung and kidney tissue

in mixed group (A) and TAI group (B).

by tumor cells[18]. Lipiodol is a common liquid embolic
agent and used as a carrier of chemotherapeutic agents for
transcatheter artery chemoembolization of HCC.
In this study, ex vivo cell culture experiment indicated
that ASODN could enter the cytoplasm and nuclei of
Walker-256 cell and stay in a short period of time (about
36 h). In in vivo animal experiment, we found that ASODN
mixed with lipiodol could transfect and enter into tumor
cells and adjacent normal hepatic cells, mainly in tumor
cells, and stay for more than 5 d. However, in TAI group,
the distribution of ASODN in tumor and adjacent tissues
showed no difference, and the retention of ASODN in
liver tissue was less and shorter (about 3 d) than that in
mixed group. The concentration of ASODN in lung and
kidney tissue in mixed group was lower than that in TAI
group on d 1. These findings indicate that ASODN can
transfect normal hepatic cells and tumor cells without
specificity, lipiodol can act as a carrier of ASODN to make
it mainly distribute in tumor tissue, ASODN mixed with
lipiodol can slowly diffuse into tumor tissue, act a longer
period of time with tumor cells, thus enhancing the
transfection rate and minimizing the distribution of
ASODN in organs outside the liver.
In mixed group, piece-like fluorescence stained areas
were seen in liver tissue on d 1. This is because FITCASODN does not release from lipiodol at that time. We
also found piece-like fluorescence stain in some area of the
lung on d 1. This is because the mixed ASODN and lipiodol
enter the pulmonary artery and stay there.

ASODN mixed with lipiodol can enter tumor cells, but
its mechanism is not clear. It may be due to the following
points: (1) ASODN can release from lipiodol; (2) tumor
vessels are immature, lack tunica media, and the gaps
between endothelial cells are wide, leading to leak of
ASODN and lipiodol into extracellular space easily; (3)
lipiodol and ASODN can be absorbed by tumor cells.
In conclusion, ASODN mixed with lipiodol infusion via
hepatic artery can be used in the treatment of HCC.
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Abstract
AIM: The purpose of the present study is to compare the
optical properties of normal human colon mucosa/submucosa
and muscle layer/chorion, and adenomatous human colon
mucosa/submucosa and muscle layer/chorion in vitro at
476.5, 488, 496.5, 514.5 and 532 nm. We believe these
differences in optical properties should help differential
diagnosis of human colon tissues by using optical methods.
METHODS: In vitro optical properties were investigated
for four kinds of tissues: normal human colon mucosa/
submucosa and muscle layer/chorion, and adenomatous
human colon mucosa/submucosa and muscle layer/
chorion. Tissue samples were taken from 13 human colons
(13 adenomatous, 13 normal). From the normal human
colons a total of 26 tissue samples, with a mean thickness
of 0.40 mm, were used (13 from mucosa/submucosa and
13 from muscle layer/chorion), and from the adenomatous
human bladders a total of 26 tissue samples, with a mean
thickness of 0.40 mm, were used (13 from mucosa/
submucosa and 13 from muscle layer/chorion). The
measurements were performed using a double-integratingsphere setup and the optical properties were assessed
from these measurements using the adding-doubling
method that was considered reliable.
RESULTS: The results of measurement showed that there
were significant differences in the absorption coefficients and
scattering coefficients between normal and adenomatous
human colon mucosa/submucosa at the same wavelength,
and there were also significant differences in the two
optical parameters between both colon muscle layer/
chorion at the same wavelength. And there were large
differences in the anisotropy factors between both colon
mucosa/submucosa at the same wavelength, there were

also large differences in the anisotropy factors between
both colon muscle layer/chorion at the same wavelength.
There were large differences in the value ranges of the
absorption coefficients, scattering coefficients and
anisotropy factors between both colon mucosa/submucosa,
and there were also large differences in these value
ranges between both colon muscle layer/chorion. There
are the same orders of magnitude in the absorption
coefficients for four kinds of colon tissues. The scattering
coefficients of these tissues exceed the absorption
coefficients by at least two orders of magnitude.
CONCLUSION: There were large differences in the three
optical parameters between normal and adenomatous
human colon mucosa/submucosa at the same laser
wavelength, and there were also large differences in these
parameters between both colon muscle layer/chorion at
the same laser wavelength. Large differences in optical
parameters indicate that there were large differences in
compositions and structures between both colon mucosa/
submucosa, and between both colon muscle layer/chorion.
Optical parameters for four kinds of colon tissues are
wavelength dependent, and these differences would be
useful and helpful in clinical applications of laser and
tumors photodynamic therapy (PDT).
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In the field of biomedical optics, determination of the
optical properties of various biological materials is essential
and important for many diagnostic and therapeutic
applications of light in medicine[1-12]. Clinical protocols are
usually based on clinical experience and optical properties
of tissues[13-15]. For example, photodynamic therapy (PDT)
is a relatively new cancer therapy, it is a superficial treatment
characterized by a depth of necrosis, which depends on several
parameters including delivered light dose, photosensitizer
concentration and tissue optical properties[16]. The tumors
of many kinds seems ideally suited to PDT, for example,
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colon, bladder, etc. tumors are suited to PDT, as it is readily
accessible using an endoscope and the entire mucosa can
be easily treated simultaneously via a diffusing light fiber.
Multifocal superficial disease and occult carcinoma in situ
do not have to be localized precisely for PDT to be
effective [17-19], and yet PDT treatment effectiveness is
greatly influenced by photosensitizer content and light
distribution in the irradiated tumor tissue[20-27] , and an
accurate evaluation of energy fluence in depth should allow
an estimate of whether the whole tumor mass will be properly
irradiated [28-31]. Consequently tissue optical properties,
absorption coefficients (µa), scattering coefficients (µs) and
anisotropy factors (g) of thin slabs of human colon and
diseased colon tissue are important for medical applications
in diagnosis and therapy[27]. The purpose of the present
study is to compare the optical properties of normal human
colon mucosa/submucosa and muscle layer/chorion,
and adenomatous human colon mucosa/submucosa and
muscle layer/chorion in vitro at 476.5, 488, 496.5, 514.5
and 532 nm, i.e., µa, µs and g. The results of the experiment
were analyzed and compared, and experimental results
were obtained.

MATERIALS AND METHODS
Materials
Experimental materials In vitro optical properties were
investigated for four kinds of tissues: normal human
colon mucosa/submucosa and muscle layer/chorion, and
adenomatous human colon mucosa/submucosa and muscle
layer/chorion. Tissue samples were taken from 13 human
colons (13 adenomatous, 13 normal), immediately after
excision of the tissues. Each removed colon sample was
immediately rinsed briefly in saline to remove surface excess
blood and peeled off surface fats, and was put into bottles
with saline as soon as possible, was stored in a refrigerator
at 0 ℃, was sectioned by microtome before measurement.
All tissue samples were respectively clamped between two
glass slides of 1.03 mm thickness, and then were respectively
placed between the two integrating spheres before tissue
samples were measured. From the normal human colons a
total of 26 tissue samples, with a mean thickness of 0.40 mm,
were used (13 from mucosa/submucosa and 13 from
muscle layer/chorion), and from the adenomatous human
bladders a total of 26 tissue samples, with a mean thickness
of 0.40 mm, were used (13 from mucosa/submucosa and
13 from muscle layer/chorion). Tissue samples were
prepared and measurements were taken within at most 17 h
after removal.
Methods
Measurement of tissue optical parameters An
established method for measuring the optical parameters
of turbid materials is the integrating-sphere technique.
This technique is widely used for the determination of the
optical properties of biological tissues in vitro and for the
verification of the optical techniques intended for use in
vivo[32-38]. The experimental set-up is schematically shown in
Figure 1. The colon samples were placed between two
identical integrating spheres (Anhui Institute of Optics and
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Fine Mechanics, Academia Sinica, China, model: F4) of
50 mm diameter with a circular sample port of 12 mm
diameter and illuminated with collimated light from (1) a
2.2 mm beam diameter, 532 nm laser (LBO double-frequency,
COHERENT, USA, model: Verdi-V10) operating at 0-10 W,
(2) a 2.7 mm beam diameter, 476.5, 488, 496.5, 514.5 nm
argon ion laser (COHERENT, USA, model: INNOVA 70)
operating at 0-1.5 W. The output of all laser were collimated
and attenuated (to a power at most 10 mW) by 2 mm pinhole
and light attenuators, respectively. The light fluences within
each sphere (the diffuse reflectance in the first sphere, the
diffuse transmission in the second sphere), and the collimated
transmission (at a distance of 80 cm beyond the second
sphere) were measured using standard light measuring
techniques[39]. The input light beams to form an intersection
with light axis was approximately 1.5° were chopped
mechanically at 500 Hz by using light chopper (SRS, USA,
model: SR540). The collimated transmitted light signals, the
diffuse reflectance Rd, and the diffuse transmittance Td were
measured by using photodiode detectors (APP, Hamamatsu,
Japan, model: C5460) at 476.5, 488, 496.5, 514.5 and
532 nm. The signals were amplified using a lock-in-amplifier
(SRS, USA, model: SR830) and processed by a personal
computer. All measurements within the spheres were made
relative to the signal when a 99% reflecting plate (Anhui
Institute of Optics and Fine Mechanics, Academia Sinica,
China, model: F4) was placed at the sample aperture, and
the collimated transmission measurement was made relative
to a measurement with no sample. For a more detailed
description of the measurement method of a doubleintegrating-sphere set-up see Pickering et al [40-42], and van
van Hillegersberg et al[43]. The optical properties, µa, µs and g,
of thin slabs of colon tissue were determined by measuring
the collimated transmission, diffuse reflectance and
transmission in the aforesaid set-up. The inverse addingdoubling algorithm was used to determine the optical
parameters from these measurements[44] . The algorithm
accounts for the refractive index of the glass slides (n = 1.55)
and of tissue (n = 1.4)[45].
Statistical analysis
Optical parameters of biological tissue samples were
expressed as the mean±SD, were demonstrated by Student’s
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Figure 1 Experimental set-up consisting of double- integrating-sphere with an
intervening sample. 1. Laser 2. Attenuator 3. Attenuator 4. 2 mm pinhole 5.
Beam expander 6. 6 mm pinhole 7. Integrating sphere 8. Sample 9. Integrating
sphere 10. Photodiode detector 11. Photodiode detector 12. Photodiode detector
13. Switch box 14. Lock-in-amplifier 15. Light chopper 16. PC.
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t-test, and were considered significant at P values <0.01.
The SPSS10 was used for the statistical analysis.

RESULTS
In this experiment, five different wavelengths of laser were
respectively used for radiating the two incision areas of
tissue slices, each of the measured value at each wavelength
of laser in the same condition of experimentation was the
mean arithmetical value that was gained by 24 measurements
repeatedly at each kind of tissue sample of a total of 13
tissue samples at the same wavelength of laser, and per
tissue sample was measured twice for each incision area of
the tissue slice, respectively. The position of luminous spot
of incident light radiation on the sample was changed after
each measured datum was obtained. The two incision areas
of the same kind of all samples were respectively radiated
at each one wavelength of laser respectively, the measured
results were reproducible for a specific sample at specific
wavelength. There were no significant differences in the
measured values R d or T d and or T c of the two incision
areas of the same kind of all samples at the same wavelength.
Consequently, the collimated transmittance, diffuse reflectance
and transmittance of the two incision areas of the same
kind of all samples at the same wavelength were estimated
with arithmetical average. By the inverse adding-doubling
algorithm, we gained the wavelength dependence of the
absorption coefficients, the scattering coefficients and the
scattering anisotropy factors of these tissues from these
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measurements. Tables 1 and 2 summarize the results of
our measurements for four kinds of tissues at the five
wavelengths. The optical properties are expressed as the
mean±SD for all measurements within one group of samples
(e.g., normal human colon mucosa/submucosa at 488 nm).

DISCUSSION
In vitro optical properties of both normal and adenomatous
human colon mucosa/submucosa and muscle layer/chorion
were determined at 476.5, 488, 496.5, 514.5 and 532 nm,
the measurements were perfor med using a doubleintegrating-sphere setup and the optical properties were
assessed from these measurements using the adding-doubling
method that was considered reliable[42,44,46]. In our study, it
is interesting to note the differences in optical properties
measured between these tissues at five different laser
wavelengths. We believe these differences in optical
properties should help the differential diagnosis of human
colon tissues by using optical methods.
Absorption coefficients
Table 1 shows that the absorption coefficient for normal
human colon mucosa/submucosa is 2.32/cm at 476.5 nm
but increases to 3.27/cm at 488 nm and drops to 2.58/cm
at 496.5 nm but increases to 3.12/cm at 514.5 nm and to
3.33/cm at 532 nm, and that for adenomatous human
colon mucosa/submucosa is 5.27/cm at 476.5 nm but
increases to 5.34/cm at 488 nm and drops to 4.87/cm at

Table 1 Anisotropy factors, absorption and scattering coefficients of normal and adenomatous human colon mucosa/submucosa at five
different wavelengths of laser irradiation by the inverse adding-doubling method
Tissue
Normal human colon mucosa/submucosa

Adenomatous human colon mucosa/submucosa

 (nm)

µa (/cm)

µs(/cm)

g

476.5

2.32±0.09

214±5.35

0.885±0.019

488.0

3.27±0.13

228±5.69

0.891±0.021

496.5

2.58±0.10

212±5.27

0.897±0.024

514.5

3.12±0.12

216±5.38

0.902±0.026

532.0

3.33±0.14

208±5.16

0.908±0.029

476.5

5.27±0.21

233±5.72

0.897±0.023

488.0

5.34±0.22

238±5.84

0.903±0.027

496.5

4.87±0.19

228±5.67

0.907±0.028

514.5

4.37±0.17

231±5.69

0.917±0.033

532.0

5.16±0.20

223±5.63

0.913±0.031

Table 2 Anisotropy factors, absorption and scattering coeff icients of normal adenomatous human colon muscle layer/chorion at five
different wavelengths of laser irradiation by the inverse adding-doubling method
Tissue

 (nm)

µa (/cm)

µs(/cm)

g

Normal human colon muscle layer/chorion

476.5

1.31±0.05

221±5.61

0.923±0.037

488.0

1.73±0.07

215±5.33

0.932±0.044

496.5

1.27±0.05

200±5.08

0.927±0.041

514.5

1.14±0.04

189±5.03

0.933±0.045

532.0

1.53±0.06

193±5.05

0.941±0.048

476.5

3.17±0.12

233±5.71

0.927±0.042

488.0

3.51±0.14

223±5.62

0.935±0.046

496.5

2.90±0.11

216±5.36

0.933±0.044

514.5

2.57±0.09

198±5.07

0.936±0.047

532.0

2.75±0.10

208±5.14

0.945±0.049

Adenomatous human colon muscle layer/chorion
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Figure 2 Optical properties of normal and adenomatous human colon mucosa/
submucosa in vitro vary with a change of laser wavelength in vitro. A: Plots of the
absorption coefficients measured in vitro vs wavelength of normal and adenomatous
human colon mucosa/submucosa; B: Plots of the absorption coefficients measured
in vitro vs wavelength of normal and adenomatous human colon muscle layer/
chorion; C: Plots of the scattering coefficients measured in vitro vs wavelength of

normal and adenomatous human colon mucosa/submucosa; D: Plots of the
scattering coefficients measured in vitro vs wavelength of normal and adenomatous
human colon muscle layer/chorion; E: Plots of the anisotropy factors measured in
vitro vs wavelength of normal and adenomatous human colon mucosa/submucosa;
F: Plots of the anisotropy factors measured in vitro vs wavelength of normal and
adenomatous human colon muscle layer/chorion.

496.5 nm and to 4.37/cm at 514.5 nm but increases to
5.16/cm at 532 nm. It is obvious that there were significant
differences in the absorption coefficients between both colon
mucosa/submucosa at the same wavelength (P<0.01). The
minimum value of the absorption coefficients for normal
colon mucosa/submucosa is 2.32/cm at 476.5 nm and the
maximum value is 3.33/cm at 532 nm, it is obvious that the
values lie in the range between 2.32 and 3.33/cm. And the
minimum value for adenomatous colon mucosa/submucosa is
4.37/cm at 514.5 nm and the maximum value is 5.34/cm
at 488 nm, the values lie in the range between 4.37 and
5.34/cm, obviously there are large differences in the value
range of the absorption coefficients between both tissues.
Table 2 shows that the absorption coefficient for normal
colon muscle layer/chorion is 1.31/cm at 476.5 nm but
increases to 1.73/cm at 488 nm and drops to 1.27/cm at
496.5 nm and to 1.14/cm at 514.5 nm but increases to
1.53/cm at 532 nm, and that for adenomatous colon
muscle layer/chorion is 3.17/cm at 476.5 nm but increases

to 3.51/cm at 488 nm and drops to 2.90/cm at 496.5 nm
and to 2.57/cm at 514.5 nm but increases to 2.75/cm at
532 nm. It is obvious that there were also significant
differences in the absorption coefficients between both colon
muscle layer/chorion at the same wavelength (P<0.01). The
minimum value of the absorption coefficients for normal
colon muscle layer/chorion is 1.14/cm at 514.5 nm and
the maximum value is 1.73/cm at 488 nm, it is obvious
that the values lie in the range between 1.14 and 1.73/cm.
And the minimum value for adenomatous colon muscle
layer/chorion is 2.75/cm at 532 nm and the maximum
value is 3.51/cm at 488 nm, the values lie in the range
between 2.75 and 3.51/cm, obviously there are large
differences in the value range of the absorption coefficients
between both tissues. Figure 2A,B show respectively the
wavelength dependence of the absorption coefficients of
both tissues obtained from the measurements, the shape
of the two curves in Figure 1 is not similar, and the shape of
the two curves in Figure 2A is similar, and large differences
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of the absolute values of two curves in Figures 2A and B,
respectively indicate that there were large differences in
compositions and structures between two tissues, and just
large differences in compositions and structures induce large
differences in absorption characteristics between both tissues.
The scattering coefficients
Table 1 shows that the scattering coefficient for normal
human colon mucosa/submucosa is 214/cm at 476.5 nm
but increases to 228/cm at 488 nm and drops to 212/cm at
496.5 nm but increases to 216/cm at 514.5 nm and drops
to 208/cm at 532 nm, and that for adenomatous human
colon mucosa/submucosa is 233/cm at 476.5 nm but
increases to 238/cm at 488 nm and drops to 228/cm at
496.5 nm but increases to 231/cm at 514.5 nm drops to
223/cm at 532 nm. It is obvious that there were also
significant differences in the scattering coefficients between
both colon mucosa/submucosa at the same wavelength
(P<0.01). The minimum value of the scattering coefficients
for normal colon mucosa/submucosa is 208/cm at 532 nm
and the maximum value is 228/cm at 488 nm, it is obvious
that the values lie in the range between 208 and 228/cm.
And the minimum value for adenomatous colon mucosa/
submucosa is 223/cm at 532 nm and the maximum value
is 238/cm at 488 nm, the values lie in the range between
223 and 238/cm, obviously there are large differences in
the value range of the scattering coefficients between both
tissues. Table 2 shows that the scattering coefficient for
normal colon muscle layer/chorion is 221/cm at 476.5 nm
and drops to 215/cm at 488 nm and to 200/cm at 496.5 nm
and to 189/cm at 514.5 nm but increases to 193/cm at
532 nm, and that for adenomatous colon muscle layer/
chorion is 233/cm at 476.5 nm and drops to 223/cm at
488 nm and to 216/cm at 496.5 nm and to 198/cm at
514.5 nm but increases to 208/cm at 532 nm. It is obvious
that there were also significant differences in the scattering
coefficients between both colon muscle layer/chorion at
the same wavelength (P<0.01). The minimum value of the
scattering coefficients for normal colon muscle layer/
chorion is 189/cm at 514.5 nm and the maximum value is
221/cm at 476.5 nm, obviously the values lie in the range
between 189 and 221/cm. And the minimum value for
adenomatous colon muscle layer/chorion is 198/cm at 514.
5 nm and the maximum value is 233/cm at 476.5 nm, the
values lie in the range between 198 and 233/cm, obviously
there are also large differences in the value range of the
scattering coefficients between both tissues. Figures 2C and
D show respectively the wavelength dependence of the
scattering coefficients of both tissues obtained from the
measurements, the shape of the two curves in Figure 2B is
similar, and the shape of the two curves in Figure 2C is
also similar, and large differences of the absolute values of
two curves in Figures 2C and D respectively indicate that
there were also large differences in compositions and
structures between two tissues, and just large differences in
compositions and structures induce large differences in
scattering characteristics between both tissues.
Anisotropy factors
Table 1 shows that the anisotropy factors for normal human
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colon mucosa/submucosa is 0.885 at 476.5 nm but increases
to 0.891 at 488 nm and to 0.897 at 496.5 nm and to 0.902
at 514.5 nm and to 0.908 at 532 nm, and that for adenomatous
human colon mucosa/submucosa is 0.897 at 476.5 nm but
increases to 0.903 at 488 nm and to 0.907 at 496.5 nm and
to 0.917 at 514.5 nm and drops to 0.913 at 532 nm. It is
obvious that there were large differences in the anisotropy
factors between both colon mucosa/submucosa at the same
wavelength. The minimum value of the anisotropy factors
for normal colon mucosa/submucosa is 0.885 at 476.5 nm
and the maximum value is 0.908 at 532 nm, obviously the
values lie in the range between 0.885 and 0.908. And the
minimum value for adenomatous colon mucosa/submucosa
is 0.897 at 476.5 nm and the maximum value is 0.917 at
514.5 nm, the values lie in the range between 0.897 and
0.917, obviously there are large differences in the value
range of the anisotropy factors between both tissues. Table 2
shows that the anisotropy factors for normal colon muscle
layer/chorion is 0.923 at 476.5 nm but increases to 0.932
at 488 nm and drops to 0.927 at 496.5 nm but increases to
0.933 at 514.5 nm and to 0.941 at 532 nm, and that for
adenomatous colon muscle layer/chorion is 0.927 at 476.5 nm
but increases to 0.935 at 488 nm and drops to 0.933 at
496.5 nm but increases to 0.936 at 514.5 nm and to 0.945 at
532 nm. It is obvious that there were large differences in the
anisotropy factors between both colon muscle layer/chorion at
the same wavelength. The minimum value of the anisotropy
factors for normal colon muscle layer/chorion is 0.923 at
476.5 nm and the maximum value is 0.941 at 532 nm, it is
obvious that the values lie in the range between 0.923 and
0.941. And the minimum value for adenomatous colon
muscle layer/chorion is 0.927 at 476.5 nm and the maximum
value is 0.945 at 532 nm, the values lie in the range between
0.927 and 0.945, it is obvious that there are obvious
differences in the value range of the anisotropy factors
between both tissues. Figures 2E and F show respectively
the wavelength dependence of the anisotropy factors of
both tissues obtained from the measurements, the shape
of the two curves in Figure 2E is not similar, and the shape
of the two curves in Figure 2F is similar, and obvious
differences of the absolute values of two curves in Figures
2E andF, respectively indicate also that there were obvious
differences in compositions and structures between two
tissues, and just obvious differences in compositions and
structures induce obvious differences in anisotropy
characteristics between both tissues.
Researching the results indicate that there were obvious
differences in tissue optical properties between both colon
mucosa/submucosa and between both colon muscle layer/
chorion at the same laser wavelength. The same orders of
magnitude exist in the absorption coefficients for four kinds
of colon tissues. The scattering coefficients of these tissues
exceed the absorption coefficients by at least two orders of
magnitude. The absorption coefficients are strongly affected
by the presence of blood, particularly at wavelengths below
600 nm. Tissues of various pathologies have differing
absorption coefficients and scattering properties and these
differences are wavelength dependent, and these differences
would be useful and helpful in clinical applications of laser
and tumors PDT.
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Abstract
AIM: To establish the two-dimensional gel electrophoresis
(2-DE) profiles of indomethacin (IN)-treated human colon
cancer cell line HCT116, and to provide a new way to
study its anti-tumor molecular mechanism through analyzing
a variety of protein maps.
METHODS: Two-DE profiles of HCT116 were established
in IN-treated and untreated groups. Total proteins were
separated by immobilized pH gradient-based 2-DE. The
gels were stained by silver, scanned by ImageScanner,
and analyzed with Image Master software.
RESULTS: Clear background, well-resolved and reproducible
2-DE patterns of HCT116 cells were acquired in IN-treated
and untreated group. The average deviation of spot position
was 0.896±0.177 mm in IEF direction and 1.106±0.289 mm
in SDS-PAGE direction respectively. In IN-treated group,
1 169±36 spots were detected and 1 061±32 spots were
matched, the average matching rate was 90.6% in three
gels. In untreated group, 1 256±50 spots were detected
and 1 168±46 spots were matched, the average matching
rate was 93.0% in three gels. Forty-five differential protein
spots were displayed between IN-treated and untreated
groups. Of which, 34 protein spots decreased and 9
showed higher expression in IN-treated group, and only
two protein spots showed an expression in untreated cells.
CONCLUSION: Two-DE profiles of IN-treated and untreated
HCT116 cells were established. Apparent 45 different
protein spots were detected in IN-treated and untreated
HCT116 cells. The analysis on differential protein spots
may serve as a new way to study the molecule mechanism
of IN-treated colon cancer.
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INTRODUCTION
Colorectal cancer is one of the most common malignant
tumors in the world. It has a high 5-year mortality rate and
a low early stage diagnosis rate. It still has a poor prognosis,
because 50% of the cases are incurable at the time of diagnosis.
It is crucial to find the drugs which have a lower toxicity
and a higher effect in treating colorectal cancer. Indomethacin
(IN) belongs to nonsteroidal anti-inflammatory drugs
(NSAIDs). NSAIDs including IN have many functions such
as anti-inflammation, anti-rheumatism, decreasing cerebral
thrombosis, and abroad anti-tumor. In addition, using
NSAIDs may prevent adenoma occurrence or progression
and may lead to a lower incidence of colorectal cancer[1,2].
Several studies have reported a 40-50% decrease in mortality
from colorectal cancer with prolonged use of NSAIDs[3-6].
The well-documented pharmacological action of NSAIDs
is to inhibit COX[7-9], but NSAIDs in general have numerous
targets other than COX by which they may inhibit tumor
cell growth and induce apoptosis, such as modulation of
Ras signal transduction, p53 point mutation and activation,
of the transcription factor nuclear factor B[10-15]. But the
molecular mechanism by which IN exerts its effects is not
well understood. Proteome technology is a useful tool for
the identification of new cancer markers and treatmentrelated changes in cancer. Comparative analysis of protein
alterations between pre-treated and treated cells or tissues
using high-throughput proteome technology has allowed us
to find the special treatment-related proteins and develop
new molecular-based therapies. Two-dimensional gel
electrophoresis (2-DE) has become the most widely used
method for separating and quantifying many types of
proteins including those from whole cell lysates, tissue
extracts, and subcellular fractions (including membrane
proteins). Indeed, 2-DE is regarded as the most powerful
separation method for resolving complex mixtures of
proteins, and has provided a new way to study the molecular
mechanism of IN-treated colon cancer. In this work, 2DE, followed by ImageMaster analysis was used to study a
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variety of protein maps on IN-treated and untreated
HCT116 cells. It will provide a new method to look for the
correlated proteins of IN-treated colon cancer.

MATERIALS AND METHODS
Materials
IN, urea, iodoacetamide, acetic acid, DTT and seconddimension SDS-PAGE standard proteins were obtained from
Sigma. RPMI1640 and 10% FBS were purchased from
Xiangya Medical Collage, Central South University.
Acrylamide, agarose, glycerol, bromophenol blue, Tris,
CHAPS, SDS, IPG buffer, and the linear immobiline dry
strips, pH gradients 3-10 (24 cm long) were obtained from
Amersham Pharmacia Biotech. Glycine and ammonium
persulfate were from Bio-Rad, MTT from Fluk.
Cell culture
Human colon cancer cell line HCT116 was obtained from
ATCC of USA. The cell line was cultured in RPMI1640
medium supplemented with 10% fetal calf serum at 37 ℃,
50 mL/L CO2 environment.
Assay of growth-inhibitory effect and IC50 on HCT116 cells
Growth-inhibitory effect on HCT116 cells was determined
by MTT. Cells were planted on 96-well cell culture plates
(2×104 cells/well). After being cultured for 24 h, the cells
adhered to the plates. IN was added at 100, 200, 400 and
800 mol/L for HCT116 cells and cultured for 48 h. IN
was dissolved in DMSO such that the final concentration
of DMSO was less than 0.2%. One line treated by the
complete medium without IN served as a control. According
to MTT method, the absorbance of each well was determined
by a spectrophotometer at 490 nm wavelength. The percentage
of all viability was calculated by multiplying the absorbance
ratio of the sample vs the control by 100. IN IC50 was determined
as IN concentration showing 50% cell growth inhibition as
compared with control cell growth. The experiments were
repeated in triplicate, and the percentage of cell viability
was expressed as mean±SD.
Time-dependent growth-inhibitory effect of IN (316 mol/L)
HCT116 cells were seeded in 96-well plates (2×104 cells/
well) in RPMI1640 medium with 10% FBS. After 24 h,
media were replaced with fresh standard media or media
containing 316 mol/L IN. According to MTT method, at
the appropriate time points, the absorbance of each well
was determined by a spectrophotometer at 490 nm wavelength.
The percentage of all viability was calculated by multiplying
the absorbance ratio of the sample vs the control by 100.
Sample preparation
HCT116 cells were seeded in 75-cm2 tissue culture flasks,
grown for 1-2 d prior to use. When 50% confluent growth
was reached, the media were changed to fresh standard
media or media containing 316 µmol/L IN. The cells were
harvested 48 h after treatment, rinsed with PBS (0.8 g/L
NaCl, 0.2 g/L KCl, 1.44 g/L NaH2PO4, 0.24 g/L KH2PO4),
and trypsinized with a solution of 2.5 g/L trypsin and 0.2 g/L
EDTA. After 1 min, media containing FBS were added to
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terminate the action of trypsin. The resulting suspension
was centrifuged at 1 000 r/min for 7 min at 4 ℃. After the
supernatant was discarded, the cells were resuspended in
ice-cold 1× PBS and centrifuged at 1 500 r/min for 10 min
at 4 ℃ and the supernatant was removed. This wash-step
was repeated thrice and stored at -80 ℃ until further use.
Protein extraction from cells untreated and treated with
IN was performed with lysis buffer. The har vested
IN-treated and untreated HCT116 cells were left in
lysis buffer (7 mol/L urea, 2 mol/L thiourea, 4% CHAPS,
40 mmol/L Tris and 1 mmol/L PMSF) for 30 min in ice.
The resulting cell lysates were then vortexed. The sample
was incubated at room temperature for 10 min. After
centrifugation at 15 000 g at 4 ℃, for removal of particulate
materials, the protein solution was collected and stored at
-80 ℃ until use.
Protein concentrations were determined using the BioRad protein assay kit (Bio-Rad) with BSA (Sigma) as the
standard.
IPG-2D PAGE[16-20]
IPG-IEF was run on an IPGphor isoelectric focusing (IEF)
system (Amersham Pharmacia Biotech). Twenty-four
centimeter pH 3-10 immobilized pH gradient strips were
rehydrated for 14 h with 450 µL of 2-D solubilizing solution
(8 mol/L urea, 2% CHAPS, 0.5% IPG buffer, pH 3-10, 3%
DTT and a trace of bromophenol blue) containing 260 µg
of total proteins for analytical runs, and mixed with a
rehydrated solution to a total volume of 450 µL. The mixtures
were pipetted into IPG strip holder channels. IPG dry strips
were lowered into the mixtures with the gel side down, and
overlayered with the dry-strip fluid covered. The holders
were placed onto the electrode plates of the IPGphor
platform. After rehydration for 14 h, IEF was carried out
with a low initial voltage (500-1 000 V) during the first 2 h
and then the voltage gradient up to 8 000 V with a limiting
current of 15 µA/strip. The total product time×voltage
applied was 69 920 V·h for analytical runs. The temperature
was maintained at 20 ℃. Following IEF separation, the gel
strips were equilibrated for 2×15 min in an equilibration
buffer containing 50 mmol/L Tris-HCl, pH 8.8, 6 mol/L
urea, 30% glycerol, 2% SDS and a trace of bromophenol
blue. One percent DTT was added to the first equilibration
buffer, and 2.5% iodoacetamide was added in the second
equilibration buffer. The equilibrated gel strips were then
applied onto 0.75-mm thick 12.5% SDS linear polyacrylamide
gradient vertical slab gels, and sealed with 0.5% agarose.
SDS-PAGE was run in a Bio-Rad Protean II electrophoresis
apparatus for 30 min at constant current of 10 mA/gel,
and then switched to 25 mA/gel until the bromophenol
blue frontier reached the bottom of the gels. During the
whole run the temperature was set at 15 ℃. To determine
the isoelectric point (pI) and molecular weight (M r) of
separated proteins, 2-D standards were added to the protein
samples as internal markers. After 2-DE, the protein spots
were visualized by silver-based staining technique with the
protein silver stain kit (Amersham Biosciences).
Image analysis
The stained 2-DE gels were scanned with LabScan software
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on ImageScanner (Amersham Pharmacia Biotech). The
spot-intensity calibration, spot detection, background
abstraction, matching, 1-D calibration, and the establishment
of average-gel were performed with ImageMaster 2D Elite
4.01 analysis software (Amersham Pharmacia Biotech).
Intensity of each spot was quantified by calculation of spot
volume after normalization of the image using the total
spot volume normalization method multiplied by the total
area of all the spots. The reproducibility of spot position
was calculated according to Corbett’s method[21].
Statistical analysis
Data were expressed as mean±SD with the exception of
2-DE data, which were expressed as mean only. Data were
analyzed using parametric Student’s t test. Statistical analysis
was carried out with SPSS for Windows 11.0. P<0.05 was
considered statistically significant.

RESULTS
Effect of IN on HCT116 cells
MTT assay demonstrated that HCT116 cells were sensitive
to IN. Dose-dependent growth-inhibitory effect of IN on
HCT116 cells was found at the concentrations of 0, 100,
200, 400, 800 mol/L (Figure 1A). From the growthinhibition curve figure, we got IC50 = 316±1.2 mol/L.
This analysis revealed an increase in toxicity with increasing
IN concentration. Cells were exposed to 316 mol/L of
IN for varying times (12, 24, 36, 72 h) at which the INcontaining medium was replaced and/or the proliferation
assay was performed. There was time-dependent growthinhibitory effect of IN that showed a significant growth
inhibition (Figure 1B).
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Result of 2-DE and ImageMaster analysis
Resolving power Total cell lysate was isolated from INtreated and untreated HCT116 cells and analyzed by highresolution 2-DE. IEF was first conducted on a 24 cm, pH
3-10 nonlinear immobilized pH gradient (IPG) strip. For
colon cancer HCT116 cells, 1213±58 spots were detected.
Reproducibility and expression of 2-DE profiles on
IN-treated and untreated HCT116 cells With the same
condition and parameters, the experiment was repeated thrice
from cell culture to 2-DE respectively. For IN-treated and
untreated HCT 116 cells, the clear background, well-resolved
and reproducible 2-DE pattern were attained (Figure 2).
Through Image Master 2D Elite 4.01, we found that the
separation was better in the lower molecular weight range
and towards the acidic pH. Horizontal streaks were apparent
for proteins in the higher molecular weight range. Three
silver-stained 2-DE profiles of each sample were very similar.
The image analysis showed that these 2-DE maps were
reproducible. For IN-treated HCT116 cells, the average
spots were 1 169±36 in three gels, 1 061±32 spots were
matched with an average matching rate of 90.6%. For
untreated HCT116 cells, the average spots were 1 256±50
in three gels, and 1 168±46 spots were matched with an
average matching rate of 93.0%. A total of 100 wellresolved and matched spots among three untreated cells
were chosen randomly to calculate the deviation of the spot
positions. The spot positional deviation was 0.896±0.177 mm
in IEF direction and 1.106±0.289 mm in SDS-PAGE
direction. A total of 1 058±47 spots were matched in
IN-treated-2-DE and untreated-2-DE maps. Compared
with untreated maps, average spots decreased 6.9% in
IN-treated group.
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Figure 1 Dose-dependent grow-inhibitory effect (A) and time-dependent growthinhibitory effect (B) of IN on HCT116 cells.

Figure 2 Two-dimensional electrophoretic maps of human colon cancer HCT116
cells untreated (A) and treated with IN (B). + stands for differential protein spots.
1-34 means decreasing spots and 35-43 increasing spots in IN-treated cells.
Forty-four and 45 spots were expressed in untreated cells.
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Table 1 Characteristics differentially expressed protein alterations of HCT116 between IN-treated and untreated groups (mean±SD)
Spot number

pI

Mr (ku)

Relative volume of spots
in untreated group (%)

Relative volume of spots in
IN-treated group (%)

P

1

8.611

19.869

0.181±0.019

0.106±0.024

0.040

2

7.736

22.956

0.769±0.044

0.119±0.069

0.036

3

7.619

27.827

0.238±0.043

0.136±0.041

0.043

4

7.441

38.143

0.236±0.019

0.077±0.027

0.027

5

8.079

38.304

0.319±0.029

0.122±0.035

0.034

6

7.872

40.125

0.334±0.037

0.193±0.007

0.026

7

7.946

40.232

0.117±0.007

0.020±0.009

0.002

8

6.978

39.321

0.236±0.014

0.071±0.012

0.017

9

7.166

39.536

0.233±0.023

0.070±0.014

0.010

10

7.136

48.279

0.276±0.014

0.121±0.008

0.010

11

7.719

56.079

0.227±0.040

0.065±0.027

0.006

12

7.198

56.856

0.181±0.041

0.088±0.026

0.010

13

7.692

57.936

0.314±0.031

0.146±0.023

0.044

14

7.924

58.023

0.225±0.006

0.017±0.001

0.001

15

7.163

57.003

0.166±0.005

0.017±0.001

0.002

16

5.897

52.261

0.194±0.006

0.030±0.019

0.020

17

5.648

45.818

0.415±0.024

0.110±0.009

0.004

18

5.899

47.261

0.211±0.018

0.091±0.004

0.014

19

5.471

42.589

0.150±0.088

0.058±0.008

0.011

20

5.657

39.161

0.234±0.054

0.080±0.029

0.017

21

5.913

37.714

0.209±0.038

0.094±0.042

0.005

22

5.902

35.732

0.252±0.017

0.075±0.016

0.012

23

5.894

32.625

0.278±0.057

0.104±0.035

0.021

24

5.804

34.339

0.320±0.011

0.128±0.015

0.001

25

5.665

34.768

0.212±0.030

0.057±0.015

0.042

26

5.670

32.411

0.172±0.004

0.063±0.004

0.003

27

5.749

29.912

0.100±0.011

0.005±0.002

0.014

28

5.507

32.036

0.404±0.021

0.249±0.036

0.049

29

5.605

29.737

0.529±0.076

0.309±0.047

0.038

30

5.098

0.516±0.107

0.093±0.072

0.039

31

5.044

24.428

0.293±0.009

0.077±0.016

0.002

32

3.719

18.436

0.173±0.006

0.046±0.009

0.004

33

3.943

18.306

0.239±0.021

0.049±0.009

0.005

34

5.450

21.449

0.278±0.046

0.030±0.009

0.022

35

7.019

17.438

0.137±0.003

0.446±0.023

0.006

36

7.297

28.441

0.070±0.003

0.197±0.012

0.007

37

7.104

96.008

0.094±0.005

0.186±0.008

0.020

38

3.719

40.179

0.182±0.012

0.450±0.028

0.006

39

4.185

32.786

0.343±0.042

0.512±0.063

0.029

40

4.228

30.536

0.261±0.047

0.446±0.042

0.021

41

4.274

44.732

0.055±0.004

0.193±0.012

0.004

42

3.621

85.344

0.135±0.058

0.350±0.075

0.019

43

3.665

71.952

0.133±0.034

0.342±0.032

0.010

44

7.698

38.411

0.177±0.036

45

7.752

40.500

0.121±0.032

25.374

In this study, the 2-DE protein patterns of IN-treated
and untreated pairs were quantified and matched mutually.
Furthermore, the differentially detected protein spots
between IN-treated and untreated group in three experiments
must accord with a significant difference in relative volume
(P<0.05, Table 1). Forty-five differential protein spots were
displayed between IN-treated and untreated groups. Of
which, 34 protein spots decreased and 9 showed higher
expression in IN-treated group, and only 2 protein spots
showed an expression in untreated cells.

DISCUSSION
It is a hot point of using IN in anti-neoplastic therapy, but
the molecular mechanism by which IN exerts its effects is
not well understood. Subbegowda and Frommel[22] found in
flow cytometric analysis, an increase of cells and subdiploid
nuclei in S and G2/M phases in cultures treated with high
dose of aspirin. The results suggested that aspirin could induce
cell cycle arrest and cause necrosis at high concentrations
in vitro, but not apoptosis. In our previous study, IN altered
the cell cycle phase distribution of HCT116 cells, and
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increased the proportion of cells in the G0/G1 phase and
reduced the proportion in the S phase of the cell cycle. In
addition, we proved that IN could induce apoptosis and
found that the anti-tumor activity of IN through P53P21WAF1/CIP1 depended on pathways to inhibit cell proliferation
and induce cell apoptosis[23,24]. Compared with untreated
maps, the average spots decreased 6.9% in IN-treated group
in our study. According to MTT experiments, we confirmed
that IN could inhibit the proliferation of HCT116 cells.
The expression of proteins is different in different
tissues, cells, and stage of upgrowth, physiology or pathology.
The basic challenges are to find the proteins and to predict
their functions. This would contribute to a new understanding
of human biology and to the design of new molecular
structures as potential novel diagnostic or drug discovery
target[25]. In order to further explore the molecular mechanism
of IN in treating colon cancer, we used high-throughput
proteomics technique to address the molecular basis of this
effect through analyzing protein expression profiles of
HCT116 cells in treated and untreated groups. In our
experiment, IPG-IEF was run on an IEF system. For the
sample swung in with hydration fluid and rehydrated and
isoelectrically focused in the same chamber, we avoided
the use of sample cups, eliminated precipitations at the
sample application site, thus improving resolution over the
entire pH range of the gels. It also allowed precise control
of protein amounts and sample volumes loaded onto the
IPG gels, and also enlarged the reproducibility of 2-DE[16,26].
In addition, we used the newest Pharmacia software,
ImageMaster, to analyze our protein maps. Compared with
Bio-Rad PDQuest, ImageMaster 2-D gel analysis software
(4.01 version) demonstrated a higher sensitivity. From the
ImageMaster, we found that most of protein spots distribute
pI: 3-8 and Mr: 20.1-66 ku. We also found that the separation
was better in the lower molecular weight range and towards
the acidic pH. Horizontal streaks were apparent for protein
in the higher molecular weight range. This seems to be a
common feature of 2-DE, seen in most gels[27-31].
Clear background, well resolved and reproducible 2-DE
patterns of IN-treated and untreated HCT116 cells were
acquired. Three silver-stained 2-DE profiles of each sample
were very similar. The image analysis showed that the 2DE maps were reproducible. A total of 1 256±50 protein
spots were resolved in untreated group and the match rate
was 93.0%. A total of 1 169±36 protein spots were resolved
in IN-treated group and the match rate was 90.6%. In order
to further identify our experiment that was reproducible, a
total of 100 well-resolved and matched spots in the INtreated group were chosen randomly to calculate the deviation
of the spot positions. The spot positional deviation was
0.896±0.177 mm in IEF direction and 1.106±0.289 mm
in SDS-PAGE direction. Analyzing the 2-DE profiles of
IN-treated and untreated groups, 45 differential protein spots
displayed quantitative changes in expression after IN treated.
Of which, 34 decreased in abundance, 9 showed a higher
expression, and only 2 were expressed in untreated cells.
The results indicated that there were many pathways of IN
in colon cancer. Most of pI values distributed pH 3-8 in
our gels. Molecular weight distributed 21-61 ku. Comparison
of the differential protein spots between IN-treated and
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untreated groups could contribute to study the molecular
mechanisms of the anti-tumor effect of IN. Some differential
protein spots between IN-treated and untreated cells should
be further identified with amino acid sequence analysis and
mass spectrometry analysis.
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colon cancer xenografts in nude mice, and could be a
kind of novel treatment modality for human colon cancer.
The generation of T-cell-dependent, tumor-specific
immunity might be involved in the process of ECT.

Abstract

http://www.wjgnet.com/1007-9327/11/2426.asp

AIM: To evaluate the anti-tumor effects and possible
involvement of anti-tumor immunity of electrochemotherapy
(ECT) employing electroporation and bleomycin in human
colon cancer xenografts in nude mice, and to establish
the experimental basis for clinical application of ECT.
METHODS: Forty nude mice, inoculated subcutaneously
human colon cancer cell line LoVo for 3 wk, were allocated
randomly into four groups: B+E+ (ECT), B+E– (administration
of bleomycin alone), B-E+ (administration of electric pulses
alone), and B-E- (no treatment). Tumor volumes were
measured daily. The animals were killed on the 7th d, the
weights of xenografts were measured, and histologies of
tumors were evaluated. Cytotoxicity of spleen natural killer
(NK) and lymphokine-activated killer (LAK) cells was then
assessed by lactic dehydrogenase release assay.
RESULTS: The mean tumor volume of group B+E+ was
statistically different from the other three groups after
the treatment (F = 36.80, P<0.01). There was one case
of complete response, seven cases of partial response
(PR) in group B+E+, one case of PR in group B+E- and
group B-E+ respectively, and no response was observed
in group B-E-. The difference of response between group
B+E+ and the other three groups was statistically
significant (2 = 25.67, P<0.01). Histologically, extensive
necrosis of tumor cells with considerable vascular
damage and inflammatory cells infiltration were
observed in group B+E+. There was no statistical
difference between the cytotoxicity of NK and LAK cells
in the four treatment groups.
CONCLUSION: ECT s ignif ica ntly enha nces the
chemosensitivity and effects of chemotherapy in human

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of
malignancy not only in the Western world but also in
China[1]. Despite advances in therapy, the 5-year survival
rate is no more than 50-60%, mainly because of the
frequency of hepatic involvement. And only 10-15% such
hepatic metastasis can be curatively resected. Furthermore,
there are a considerable number of patients who cannot
undergo surgery even at an early stage of disease due to
severe complications, such as chronic heart failure, chronic
renal failure, and chronic obstructive pulmonary disease,
etc. Conventional chemotherapy with 5-fluorouracil may be
of some value in individual cases but can be limited by side
effects when used systemically. Therefore, the introduction
of effective chemotherapy against CRC is urgently needed,
especially for patients who cannot undergo surgery and have
recurrent disease.
Electrochemotherapy (ECT) could provide an innovative
therapeutic approach for the treatment of CRC. The
combination treatment, which involves the administration
of a chemotherapeutic drug followed by the delivery of
electric pulses to tumors was termed ECT[2]. The electric
pulse electroporates the tumor cell membrane transiently
and reversibly, allowing the chemotherapeutic agents greater
access to its intracellular site of action and consistently
provides improved responses relative to treatment with
drugs alone. Although various anticancer drugs have been
employed in ECT, the cytotoxic effect of bleomycin has
reportedly been more significantly enhanced by
electroporation than that of any other anticancer drug[3-5].
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This experimental study was designed to evaluate the
in vivo anti-tumor effects of ECT employing electroporation
and bleomycin in human colon cancer xenografts in nude
mice and cytotoxicity of spleen natural killer (NK) and
lymphokine-activated killer (LAK) cells was further assessed
to elucidate the possible anti-tumor immunity of ECT.

MATERIALS AND METHODS
Electropulse generator and electrodes
Electrical pulses were derived from a pulse generator (ECM
830; The BTX Division of Genetronics, USA). The output
voltage from this generator is between 5 and 2 500 V, and
pulses can be applied at a set voltage for a pulse length varying
between 10 µs and 10 s. The electrode used in the study is
BTX Tweezer Model 520 (Genetronics, USA) with a diameter
of 7 mm and a pulse length between 10 µs and 99 ms.
Cell line and cell culture
LoVo, a metastatic human colon adenocarcinoma cell line,
was obtained from American type culture collection (ATCC)
and was maintained in RPMI-1640 (Gibco) supplemented
with 2 mmol/L L-glutamine and 100 mL/L FCS at 37 ℃
in a humidified atmosphere containing 50 mL/L CO2. For
transplantation, the cells were more than 95% viable, as
tested with the trypan blue exclusion dye method.
Tumor induction in nude mice
Male Balb/c (nu/nu) nude mice, aged 4-6-wk old and
weighing 17-20 g, were purchased from animal center of
Shanghai Institute of Cancer Research (Shanghai, China).
Animals were housed and cared for according to the
guidelines of specific pathogen free in Shanghai Second
Medical University. LoVo cells resuspended in RPMI-1640
at a concentration of 1×10 7/mL and 100 µL of the cell
suspension was inoculated subcutaneously into left front
limb of the mice. Tumors were allowed to grow for 3 wk
up to about 2-5 mm in longer diameter.
Treatment protocol of each group
A total of 40 nude mice in which human colon cancer
xenograft was successfully established were allocated
randomly into four groups (10 mice/group): (1) Group
B+E+: ECT. After induction of general anesthesia by an
intraperitoneal injection of 0.25% embutal, 50 µL bleomycin
(Harbin, China) was injected into the tumor at the concentration
of 1 000 mol/L. Three minutes later, eight 100-µs pulses
(field strength 900 V/cm) with a 10-ms interval were applied
to the tumor; (2) Group B+E-: administration of bleomycin
alone after anesthesia of the mice as described previously;
(3) Group B-E+: administration of electric pulses alone
with the same parameters described previously; (4) Group
B-E- (no treatment): no treatment was applied to the mice
except for the induction of anesthesia. Tumor size was
measured by a caliper daily, and tumor volume was estimated
according to the formula: V = 0.5×ab2/2, where a is the
largest diameter and b is the smallest diameter. All animals
of each group were killed on the 7 th d, the weights of
xenografts were measured. The volume of xenograft before
and after the treatment were compared and response to
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the treatment was evaluated as follows[6]: complete response
(CR): disappearance of the tumor; partial response (PR):
reduction of the tumor volume by 50% or more; stable
disease (Stab): reduction of the tumor volume by less than
50% or progression by less than 25%; progressive disease
(Prog): increase in tumor volume by more than 25%. The
efficacy of treatment was evaluated by comparing the mean
post-therapy tumor volume of the four groups.
NK cell activity
Splenocytes (effector cells) were isolated from all mice by
mechanical dissociation and lysing of erythrocytes.
Splenocytes were fractionated by density centrifugation at
2 000 r/min for 20 min with Ficoll Hypaque and interface
lymphocytes were obtained. YAC-1 cells (ATCC), a mouse
lymphoma line sensitive to the cytotoxic activity of NK
cells, were used as targets. YAC-1 cells were maintained in
RPMI 1640 supplemented with 10% FCS. NK cell activity
was determined in triplicate by lactic dehydrogenase (LDH)
release assay. YAC-1 (1×105) were mixed with lymphocytes
at final effector/target (E:T) ratios between 20:1 in 96-well
U-bottom plates. The plates were lightly centrifuged at
500 r/min for 4 min and incubated for 4 h at 37 ℃ in
50 mL/L CO2. The plates were then centrifuged at 500 r/min
for 4 min, and 100-µL aliquots of supernatants were
transferred from all wells to a fresh 96-well flat-bottom
plate. One hundred microliters of LDH of substrate was
added to each well and incubated for 20 min at room
temperature. Fifty microliters of 1 mol/L HCl of stop
solution was added, and the absorbance was recorded at
490 nm. The percentage of specific lysis was calculated
using the formula: % cytotoxicity (NK) = (experimental
LDH release-effector cell spontaneous LDH release-target
cell spontaneous LDH release)/(target cell maximum LDH
release-target cell spontaneous LDH release)×100%.
LAK cell activity
IL2 was added into the remaining lymphocytes at a final
concentration of 1 000 U/mL, then the lymphocytes were
incubated for 72 h at 37 ℃ in 50 mL/L CO2. LDH release
assay described previously was used for measuring LAK
cell activity. % cytotoxicity (LAK) = (experimental LDH
release-effector cell spontaneous LDH release-target cell
spontaneous LDH release)/(target cell maximum LDH
release-target cell spontaneous LDH release)×100%.
Histological examination
On the 7th d of the treatment, mice were killed. The tumors
were excised and fixed in 10% formaldehyde for 24 h,
then embedded in paraffin. Sections were prepared for
hematoxylin-eosin staining and histologic changes were
evaluated by microscopy (40×).
Statistical analysis
The data is presented as the mean±SD. ANOVA was used
to compare tumor volume and weight among the four study
groups and Kruskal-Wallis test was used to compare the
response rate among groups. Statistical analyses were
performed using SPSS 11.0 software. P<0.05 was considered
statistically significant.
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RESULTS
Safety and side-effect of ECT
All mice tolerated the treatment well and no mice died of
electroporation. Local swelling and medium necrosis were
observed after the treatment in the mice of group B+E+, but
not in those of group B-E+, group B+E- and group B-E-.
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of each group are shown in Table 3. There was no
statistically significant difference between group B+E+ and
other three groups (B-E-, B+E- and B-E+) in total
splenocytes and activity of NK cells and LAK cells.

Table 2 The response rates of the four groups after treatment

Tumor volume measurement before and after treatment
No significant difference was found among the four groups
with respect to the mean tumor volume before treatment
(Table 1). The tumor volume of group B+E+ on the 7th d
of treatment was significantly reduced by 18.65±7.68 mm3
while that of other three groups were significantly
increased by 8.09±12.53, 10.36±4.41 and 13.88±2.44 mm3
respectively (Figure 1). The tumor weight of group B+E+
was 14.48±6.65 mg, which was significantly less than that
of other three groups. No significant difference was found
among group B+E-, group B-E+, and group B-E- with
respect to tumor volume and tumor weight (Table 1).

Group

Before
treatment

Volume (mm3)

60
50

After
treatment

40
30

Stab (%)

Prog (%)

1 (10)

7 (70)

2 (20)

0 (0)

B+E–

0 (0)

1 (10)

2 (20)

7 (70)

B–E+

0 (0)

1 (10)

1 (10)

8 (80)

B–E–

0 (0)

0 (0)

0 (0)

10 (100)

B-E-, no treatment; B+E-, administration of bleomycin alone; B-E+, administration
of electric pulses alone; B+E+, ECT (2 = 25.67, P<0.01).

Table 3 Total splenocytes and activity of NK cells and LAK cells of
each group
Total splenocytes (106)

Activity of NK cells Activity of LAK cells

B+E+

110.8±10.62

18.49±2.73

23.51±2.41

B+E–

114.3±10.68

18.89±2.57

25.21±3.09

B–E+

116.4±10.32

18.68±2.86

25.32±2.90

B–E–

117.4±12.89

19.79±2.64

24.84±2.53

B-E-, no treatment; B+E-, administration of bleomycin alone; B-E+, administration
of electric pulses alone; B+E+, ECT.

20
10
0

B+E+

B+E-

B-E+

B-E-

Figure 1 Mean tumor volume before and after treatment: group B-E-, no
treatment; B+E-, administration of bleomycin alone; B-E+, administration of
electric pulses alone; B+E+, ECT.

Tumor response
The response rates obtained after treatment are shown in
Table 2. There was no statistically significant difference in
the response rate among the first three groups (B-E-, B+Eand B+E+). In contrast, the response rate in group B+E+
differed significantly from that of each of the other group
(P<0.01).
Total splenocytes and activity of NK cells and LAK cells
Total splenocytes and activity of NK cells and LAK cells

Table 1 Mean tumor volume and tumor weight before and after
treatment
Group

PR (%)

B+E+

Group

70

CR (%)

Mean tumor volume

Tumor volume Tumor weight after
variance (mm3) treatment (mg)

Before (mm3)

After (mm3)

B+E+

37.92±5.39

19.28±8.831

–18.65±7.681

14.48±6.651

B+E–

38.84±5.47

46.93±13.23

8.09±12.53

35.31±10.01

B–E+

37.79±5.45

48.15±8.19

10.36±4.41

36.08±6.25

B–E–

39.32±6.30

53.20±7.22

13.88±2.44

39.99±5.41

F value

F = 0.17

F = 25.22

F = 36.80

F = 25.32

P value

P = 0.917

P<0.01

P<0.01

P<0.01

1
B-E-, no treatment; B+E-, administration of bleomycin alone; B-E+, administration
of electric pulses alone; B+E+, ECT.

Histological analysis
Undamaged tumor cells and a few accompanying infiltrating
cells were observed not only in the tumors of group B-Ebut also in that of group B+E- and group B+E+. In contrast,
there were massive necrotic area with a moderately intense
mononuclear infiltration in the tumors of group B+E+
(Figure 2). The one CR was also confirmed histologically.

DISCUSSION
ECT is a new cancer therapy that utilizes electric pulses to
augment the effectiveness of chemotherapeutic agents.
Destabilization of the lipid bilayer of the cell membrane by
the electric pulses transiently increases permeability. This
provides intracellular access for any exogenous molecules
including bleomycin which must be internalized by a cell to
be effective. Thus, the combination becomes a potent antitumor treatment. The effectiveness of ECT on various
types of cancer has been demonstrated not only in vitro but
also in animal models, and several clinical trials of ECT
have already been initiated [7-10]; however, the possible
involvements of anti-tumor mechanisms, especially that of
anti-tumor immunity, remain still unclear.
In current study, the mean tumor volume and tumor
weight of group B+E+ on the 7 th d of treatment was
significantly less than those of other three groups (P<0.01),
and bleomycin-mediated ECT produced a tumor response
rate of 80% (10% CR and 70% PR) which was significantly
higher than those of other three groups (P<0.01). These
results concur with other experimental studies and
demonstrate that the bleomycin-mediated ECT is effective
and sensitive to human colon cancer xenografts in nude
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Figure 2 Histological examination of colon cancer xenografts on the 7th d after
treatment (hematoxylin and eosin staining). A: (group B-E-), B: (group B-E+)
and C: (group B+E-) contained markedly atypical cells arranged irregularly;

D: (group B+E+) exhibited massive necrosis with a moderately intense
mononuclear infiltration (40×).

mice. Furthermore, no mice died of electroporation in this
study, which suggests that ECT using the voltage of
900 V/cm is safe and feasible.
Increased cytotoxicity of bleomycin by electroporation
is the predominant mechanism involved in anti-tumor
effectiveness of ECT. This notion is supported by the data
demonstrating that exposure of tumor cells to electric pulses
profoundly increased not only intracellular amounts of
bleomycin but also intratumoral amounts of bleomycin
several 100-fold [4,7,11]. Once inside the cell, bleomycin
possesses a very potent intrinsic cytotoxicity, inducing singleand double-strand DNA breaks and cell cycle blockage[12].
Anti-vascular effect was also proposed as an additional
mechanism involved in anti-tumor effectiveness of ECT[13].
Damage to endothelial cells caused by ECT may lead to
obstruction of blood flow and ischemic death of tumor
cells lining the obstructed blood vessel. It is supported by
the observations that bleomycin-mediated ECT resulted in
complete shut down of tumor blood flow observed 12 h
after the treatment, and correlated with anti-tumor effectiveness
and the extent of tumor necrosis[14]. Recently, ECT has been
found to increase immune response to tumors[15-17] and the
infiltration of inflammatory cells into tumor treated with
bleomycin-mediated ECT was also reported[18]. However,
its exact nature has yet to be defined.
NK cells recognize tumor cells without the need for
immunization or pre-activation compared with T cells, which
first require education by antigen-presenting cells[19,20]. Once
activated, NK cells show increased cytolytic, secretory and
proliferative functions. Activation of NK cells with highdose IL-2 has been widely used and has been shown to
mediate anti-tumor activity in experimental as well as clinical
settings[21,22] . In current study, no statistically significant

difference was found between group B+E+ and other three
groups (B-E-, B+E- and B-E+) in total splenocytes and
activity of NK cells and LAK cells, which demonstrated
that non-specific immunity may not play an important role
in the anti-tumor immunity of bleomycin-mediated ECT.
Furthermore, it was reported that the induction of cytotoxic
T lymphocytes against Colon 26 cells was observed in the
spleens of mice with Colon 26 after treatment with ECT
and bleomycin[16], and that the Balb/c mice inoculated
subcutaneously with Colon 26 cells rejected inoculations of
rechallenged Colon 26 cells after treatment of ECT and
bleomycin, but not other kind of cancer cells[17]. Therefore,
the generation of T-cell-dependent, tumor-specific protective
immunity might be involved in the process of tumor nodule
regression following ECT.
In conclusion, we have shown that in vivo ECT with
bleomycin is effective in reducing or even eliminating
subcutaneous human colon cancer xenografts in nude mice.
Additional investigations are also required to define
parameters such as the optimum duration of treatment,
dose effects, and the volume of tumor that can be treated.
Research is currently in progress in this area. If results are
encouraging, a clinical trial could be initiated to determine
whether ECT is a valid alternative to systemic chemotherapy
for patients with nonresectable metastases of malignancies,
especially for those with hepatic metastasis of CRC.
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Abstract
AIM: To investigate the effect of norcantharidin on
proliferation and invasion of human gallbladder carcinoma
GBC-SD cells in vitro and its anticancer mechanism.
METHODS: Human gallbladder carcinoma GBC-SD cells
were cultured by cell culture technique. The growth and
the invasiveness of GBC-SD cells in vitro were evaluated
by the tetrazolium-based colorimetric assay and by the
Matrigel experiment and the crossing-river test.
Expression of PCNA, Ki-67, MMP2 and TIMP2 proteins of
GBC-SD cells was determined by streptavidin–biotin
complex method.
RESULTS: In vitro norcantharidin inhibited the growth and
proliferation of GBC-SD cells in a dose- and time-dependent
manner, with the IC50 value of 56.18 g/mL at 48 h.
Norcantharidin began to inhibit the invasion of GBC-SD
cells at the concentration of 5 g/mL, and the invasive
action of GBC-SD cells was inhibited completely and their
crossing-river time was prolonged significantly at 40 g/mL.
After treatment with norcantharidin, the expression of
PCNA, Ki-67, and MMP2 was significantly decreased. With
the increase in TIMP2 expression, the MMP2 to TIMP2 ratio
was decreased significantly (P<0.05).
CONCLUSION: Norcantharidin inhibits the proliferation and
growth of human gallbladder carcinoma cells in vitro at
relatively low concentrations by inhibiting PCNA and Ki-67
expression. Its anti-invasive activity may be the result of
decrease in MMP2 to TIMP2 ratio and reduced cell motility.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Primary carcinoma of the gallbladder represents a highly
lethal and aggressive malignant tumor because of its
dormancy course, difficult diagnosis, early metastasis, strong
invasion and poor prognosis[1,4]. The only potentially curative
therapy for gallbladder carcinoma is surgical resection.
Unfortunately, most patients with this type of cancer present
with advanced and unresectable disease-only 10-30% of
patients can be considered for surgery on presentation[1,3,5,7]
and should be considered for palliative treatment such as
chemotherapy[1,3,6,8,9] and radiotherapy[1,3,6,10,11] . However,
reports of chemotherapy and radiotherapy in gallbladder
carcinoma are disappointing, results are conflicting and most
series have a small number of patients[1,3,6,8-11]. Obviously,
there is an urgent need to identify new therapeutic agents
for the treatment of gallbladder carcinoma in vivo. Many
lines of evidence have shown that Chinese medicine contains
many chemical compounds with anticancer effects. We
reported the influence of norcantharidin (NCTD, a
demethylated form of cantharidin, which is an active
ingredient of Chinese medicine-Mylabris) on growth and
apoptosis of GBC-SD cell lines of human gallbladder
carcinoma[12,13] . In the present study, human gallbladder
carcinoma GBC-SD cell lines were used to study the in vitro
effect of NCTD on proliferation and invasion of human
gallbladder carcinoma GBC-SD cells and its mechanism.
MATERIALS AND METHODS
Materials
GBC-SD cell lines of human gallbladder carcinoma were
purchased from Shanghai Cell Institute Country Cell Bank.
NCTD was purchased from Beijing Fourth Pharmaceutical
Works, China. Matrigel invasion chamber, which is composed
of a layer of artificial basement membrane matrix above
PET membrane with 8.0-m hole, were purchased from
Becton Dickinson, USA. Rat monoclonal antibody proliferating
cell nuclear antigen (PCNA) and Ki-67 were respectively
purchased from Calbiochem Co. and Antibody Diagnostica
Co.; Monoclonal MMP2 antibody was purchased from
Neomarker and TIMP2 antibody from Boster. Bovine calf
serum, RPMI-1640 medium, trypsin and D-Hanks’ solution
were all purchased from Gibco; MTT solution and DMSO
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were purchased from Sigma; SABC kit and DAB are all
purchased from Boster.
Methods
Cell cultures[12,13] GBC-SD cells of human gallbladder
carcinoma were cultu red in R PMI -1640 medium
supplemented with 10% bovine calf serum in an incubator
with 50 mL/L at 37 ℃. The medium was changed every 2
d. When the cells became confluent, namely a 95% plating
efficiency, they were trypsinized with 0.25% trypsin. Then
the cells were returned to culture at 37 ℃ in 50 mL/L CO2
for 24 h, and they were washed twice with Hanks’ balanced
salt solution, and used in this experiment.
Inhibitory effect of NCTD on growth of GBC-SD cells
The tetrazolium-based colorimetric assay (MTT) was used
to evaluate the inhibitory effect of NCTD on growth of
GBC-SD cells in vitro, namely the tumor cytotoxicity test[12,13].
After GBC-SD cells were cultured in a 96-well plate (3×105
cells·100 L/well) in culture medium overnight, they were
treated with various concentrations of NCTD in fresh
culture medium at 37 ℃ for 24 h. The tumor cell cytotoxicity
was determined by MTT. The optical densities (A values)
at 540 nm were measured using an ELISA reader (DG3032,
Shanghai). The A540 value of the experimental groups was
divided by the A540 value of untreated controls and presented
as a percentage of the cells. The inhibitory percent of various
concentrations of NCTD on GBC-SD cells (%) = (1-A540
value in the experimental group/A540 value of control group)
×100%. Three separate experiments were performed. The
concentration of drug giving 50% growth inhibition (IC50)
was calculated from the formula LC50 = lg-1[Xm-I(Σp-0.5)].
Matrigel invasion experiment of GBC-SD cells (1) Living
GBC-SD cells were trypsinized with 0.25% trypsin and
washed with fresh culture medium, suspended in the culture
medium with 10% bovine calf serum (1×106 cells/mL). The
tumor cell suspension was transferred to the above layer
of the Matrigel invasion chamber (0.3 mL/every chamber),
while 0.8 mL of RPMI-1640 medium with 10% bovine
calf serum was only added to the bottom layer of the
Matrigel invasion chamber. Then the cells were cultured in
50 mL/L CO2 at 37 ℃ for 24 h; (2) The cells were treated
without (untreated control group) or with various
concentrations of NCTD (the six-concentration groups,
every concentration ×3) in fresh culture medium (0.3 mL/
every chamber), were cultured in an incubator with 50 mL/L
at 37 ℃ for 72 h; (3) The passing-membrane cells were
collected from the above layer of the Matrigel invasion
chamber, centrifuged (200 r/min, 10 min), dyed by Trypan
blue dye, and counted in a hemocytometer. Each experiment
was performed thrice.
Crossing-river experiment of GBC-SD cells The
suspension of GBC-SD cells (3×10 5 cells/mL) according
to the above-mentioned confection method were fed
(3 mL/well) into six-well culture plates and incubated in
50 mL/L at 37 ℃ for 24 h; (2) The cells were treated without
(untreated control group) or with various concentrations
of NCTD in fresh culture medium, and were again cultured
in 50 mL/L at 37 ℃ for 84 h; (3) After being washed with
PBS and one beeline as a river was then laid out on the well
with 10 L pipette tip, the cells of culture plate well were
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washed twice with PBS and cultured in the medium
supplemented with 10% bovine calf serum in 50 mL/L at
37 ℃. Beeline mark on the well was observed every 2 h till
the mark was filled with the cells. Three separate experiments were performed for each concentration/exposure
time combination.
Immunohistochemistry assay of PCNA, Ki-67, MMP2,
TIMP2 Expression of PCNA, Ki-67, MMP2 and TIMP2
proteins of GBC-SD cells was determined by streptavidinbiotin complex method (SABC). PCNA, Ki-67, MMP2 and
TIMP 2 antibodies were respectively used at a concentration
of 1:100. Goat serum, biotinylated secondary antibody (goat
anti-mouse IgG) and DAB are all purchased from Boster.
For negative control, the slides were treated with PBS in
place of primary antibody. Ten slides were made up per
experimental group. More than 10 visual fields were
observed or more than 500 cells were counted per slide.
The positive index of PCNA represented expression of
PCNA protein. The positive index of PCNA = number of
PCNA-positive cells/1 000 cells. The positive index of
Ki-67 represented expression of Ki-67 protein. The positive
percentage of MMP2 or TIMP2 showed expression of MMP2
or TIMP2 protein.
Data statistical analysis All the statistical analyses were
performed using SPSS 10.0 for Windows. P<0.05 or F<0.05
was considered to be of statistical significance.

RESULTS
Inhibitory effect of NCTD on growth of GBC-SD cells
Inhibitory effect of various concentrations of NCTD
on GBC-SD cells The effect of NCTD on cell growth
was examined at doses between 0 and 100 g/mL. As shown
in Figure 1, inhibitory effect of NCTD at low concentrations
(5 g/mL) on GBC-SD cells was not obvious; but as
concentration increased, proliferation of GBC-SD cells was
markedly inhibited by NCTD with 98.59% growth inhibition
at 100 g/mL concentration, in a dose-dependent manner.
IC50 is 56.18 g/mL.
Inhibitory effect of IC50 NCTD on GBC-SD cells at
different time The effect of NCTD on cell growth was
examined at times between 0 and 120 h. As shown in
Figure 2, anti-proliferation effect of IC50 NCTD on GBCSD cells began to show after being cultured for 6 h;

100
Cell inhibition %

2432

75
50
25
0
0

5

10 20 30 40 60 80 100

NCTD concentration (g/mL)
Figure 1 The dose-response curves of effect of NCTD on GBC-SD cells for
72 h. Inhibition of the growth of human gallbladder carcinoma GBC-SD cells by
various concentrations of NCTD. Cell number was counted by the MTT
method.
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Table 1 Influence of different concentrations of NCTD on Matrigel
invasion of GBC-SD cells

Table 2 Influence of different concentration of NCTD on the crossing-river time of GBC-SD cells

Group

Dead passing-membrane
cells (% of control group)

Group

NCTD
(g/mL)

n

Crossing-river
time (h)

NCTD
(g/mL)

n

Passing-membrane cells
(% of control group)

Control

0

6

100.0

17.2±1.15

Control

0

6

22.6±0.67

NCTD

5

6

62.0±5.08b

31.7±4.29b

NCTD

10

6

37.7±2.01

b

b

5
10

6
6

28.2±1.00b
33.4±0.71b

20

6

18.0±1.79b

67.3±4.93b

20

6

45.0±0.68b

40

6

5.0±1.80b

95.2±4.88b

30

6

58.8±0.72b

40

6

>72b

59.7±1.15

b

P<0.01 vs control group.
b

P<0.01 vs control group.

moreover, the inhibitory effect was markedly intensified as
time prolonged with 52.18% growth inhibition for 48 h, in a
time-dependent manner. So it was most obvious after
48 h.
Influence of NCTD on Matrigel invasion of GBC-SD
cells in vitro As shown in Table 1, GBC-SD cells in
untreated control group passed more of the membrane
and had more invasive capability in vitro; NCTD began to
inhibit the invasion of GBC-SD cells at the concentration
of 5 g/mL and as its concentration increased, their passingmembrane cells markedly decreased, the Trypan blue dyed
cells, namely the dead passing-membrane cells obviously
increased (P<0.01). At 40 g/mL of NCTD, the invasive
action of GBC-SD cells was inhibited completely. Its effect
was also in a dose-dependent manner. The experiment
showed that NCTD could inhibit obviously the in vitro
invasive capability simulating human basement membrane
of GBC-SD cells.
Influence of NCTD on the crossing-river test of GBCSD cells As shown in Table 2, the crossing-river time of
GBC-SD cells in various experiment groups was prolonged
significantly after treatment with NCTD. When compared
with control group, the crossing-river time was prolonged
by 25% in 5 g/mL NCTD group; 160% in 30 g/mL
NCTD group; GBC-SD cells did not still cross-river
completely after 72 h in more than 40 g/mL NCTD group.
The crossing-river test indicated that NCTD could inhibit
movement capability of GBC-SD cells in vitro markedly.
Influence of NCTD on expression of PCNA, Ki-67
proteins of GBC-SD cells The positive expression, with
brown or yellow dye, of PCNA or Ki-67 occurred in cell
nucleoli. GBC-SD cells in control group showed mostly the
positive dye of PCNA and Ki-67 (Figures 3A and 4A), the

positive index of PCNA and Ki-67 reached 0.932±0.031
and 0.964±0.092, respectively. After treatment with IC 50
NCTD for 48 h, the positive cells of expression of PCNA
and Ki-67 proteins decreased significantly, the dye of cell
nucleoli became light and shallow (Figures 3B and 4B), the
positive index of PCNA and Ki-67 came down 0.318±0.
023 and 0.297±0.018 respectively, when compared with
the control group (Table 3, P<0.05).
Influence of NCTD on expression of MMP2, TIMP2
proteins and MMP 2/TIMP 2 of GBC-SD cells The
positive expression, with brown or yellow dye, of MMP 2
occurred in cytoplast, TIMP2 in cytoplast or on nucleoli
membrane. The positive expression of MMP2, the negative
expression of TIMP2 was observed in most GBC-SD cells
of control group (Figures 5A and 6A). After treatment
with various concentrations of NCTD for 48 h and as its
concentration increased, the positive cells of MMP2 expression
was decreased and the dye became light and race, the positive

A

B

Cell inhibition (%)

100
75
50
25
0
0

6

12 24 36 48 72
Incubation time (h)

96 120

Figure 2 The inhibitory effect curves of IC50 NCTD on GBC-SD cells at different
times. Cell number was counted by the MTT method.

Figure 3 Positive expression occurred in cell nucleoli, with brown or yellow
dye, of PCNA protein of GBC-SD cells (immunohistochemistry SABC method,
×200). A: The brown dye of PCNA was shown positively in most cells of the
control group. B: In the experiment group with treatment of IC50 NCTD for 48 h,
the positive cells of PCNA expression decreased significantly and the dye in
cell nucleoli became light and shallow.
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Table 3 Influence of NCTD on expression of PCNA, Ki-67 proteins
of GBC-SD cells
Group

a

n

Positive index (mean±SD)
PCNA

Ki-67

Control

10

0.932±0.031

0.964±0.092

IC50 NCTD
(56.18 g/mL)

10

0.318±0.023a

0.297±0.018a

Group

NCTD
(g/mL)

n

Control
NCTD

0
5
10
20
40

10
10
10
10
10

a

DISCUSSION
Present treatment for primary carcinoma of the gallbladder
Primary carcinoma of the gallbladder is one of the malignant
neoplasms with increasing incidence recently. As the special
site of anatomy, the feature of biology and epidemiology of
the disease, it is hitherto a poor prognostic disease with difficult
diagnosis, early metastasis and dismal treatment result[1,4].
The only potentially curative therapy for the disease is still
surgical resection. Unfortunately, most patients with this
type of cancer present with advanced and unresectable
disease-only 10-30% of patients can be considered for
surgery on presentation, furthermore, only about 5% of
patients were alive after 5 years since operation[1,3,5,7]. So, it
is important that these patients should be considered for
palliative, integrated treatment such as chemotherapy[1,3,6,8,9]
and radiotherapy[1,3,6,10,11]. However, no specific chemoradiotherapy program for carcinoma of the gallbladder has
emerged as the definitive acceptable standard of care, most
series have small number of patients and there is much room
for improvement[1,3,6,8-11] . With the deep research on the
etiology, molecular biology of tumor and tumorigenesis,
there is obviously an urgent need to identify new therapeutic
agents for the treatment of gallbladder carcinoma.
Many lines of evidence have shown that Chinese medicine
contains many chemical compounds with anticancer effects.
We reported the effect of norcantharidin (NCTD) on growth
and apoptosis of GBC-SD cell lines of human gallbladder

A

Figure 4 The positive expression occurred in cell nucleoli, with brown or yellow
dye, of Ki-67 protein of GBC-SD cells (immunohistochemistry SABC method,
×100). A: The brown dye of Ki-67 was shown positively in most cells of the
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Table 4 Influence of NCTD on expression of MMP2, TIMP2 proteins
and the MMP2 to TIMP2 ratio of GBC-SD cells

P<0.05 vs control group.

percentage of MMP2 expression was reduced significantly;
the positive cells and the positive percentage of TIMP2
expression were all increased significantly; the MMP2 to
TIMP 2 ratio was decreased significantly (Figures 5B and
6B; Table 4, P<0.05).

April 28, 2005

Percent of protein expression (%)
MMP2

TIMP2

62.82±3.20
34.61±1.82a
27.02±1.40a
26.18±1.81a
19.56±2.36 a

13.42±1.27
30.79±2.15a
34.22±2.97a
35.60±2.04a
29.54±2.33 a

MMP2/TIMP2
4.68
1.12 b
0.79 b
0.74 b
0.66 b

P<0.05 vs control group; bP<0.01 vs control group.

carcinoma[12,13]. NCTD, the demethylated analog and the
low-cytotoxic derivative of cantharidin, a 7-oxabicyclo[2.2.1]
heptane-2, 3-dicarboxylic acid derivative, a natural toxin and
the active ingredient extracted from Chinese medicine
Mylabris. NCTD is synthesized from furan and maleic
anhydride via the Diels-Alder reaction[14-17] . It has been
reported that NCTD inhibit the proliferation and growth
of a variety of human tumor cell lines in vitro, and are used
to treat human cancers with stimulation of the bone marrow
and increase of the peripheral leukocyte count[14,18-21]. There
were, however, very few reports describing the effect of NCTD
on human gallbladder carcinoma. In the present study, we
investigated the in vitro effect of NCTD on proliferation and
invasion of human gallbladder carcinoma GBC-SD cells
and its mechanism.
Inhibitory effect of NCTD on proliferation, growth of GBC-SD
cells and its mechanism
Modern oncology research has shown that genesis and
development of tumor are obviously related with proliferation
and apoptosis of the cells. Proliferation and apoptosis of
normal cells comparatively maintain their balanceable
condition. If cell apoptosis is arrested or cell proliferation
exceeds its apoptosis, the cells grow predominately. This is
a significant basis of genesis and development of tumor.
One of the most important mechanisms, on which many
anti-cancer agents inhibit the growth of tumor is inhibition
of the proliferation of tumor cells or inducement of their
apoptosis[21,22].
In this study, we investigated the effect of NCTD on
proliferation of human gallbladder carcinoma GBC-SD cells
and its anti-cancer mechanism. NCTD was shown obviously

B

control group. B: In the experiment group with treatment of IC50 NCTD for 48 h,
the positive cells of Ki-67 expression decreased significantly and the dye in cell
nucleoli became light and shallow.
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A

Figure 5 Positive expression with brown dye occurred in cytoplast of MMP2
protein of GBC-SD cells (immunohistochemistry SABC method, ×100). A: The
brown dye of MMP2 was shown positively in most cells of the control group. B:

A
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B

In the experiment group with treatment of NCTD (5 g/mL) for 48 h, the positive
cells of MMP 2 expression decreased significantly and the dye in the cytoplast
became light.

B

Figure 6 Positive expression with brown dye occurred on nucleoli membrane
of TIMP2 protein of GBC-SD cells (immunohistochemistry SABC method, ×100).
A: The negative expression of TIMP 2 was observed in most GBC-SD cells of

the control group. B: In the experiment group with treatment of NCTD (5 g/mL)
for 48 h, the positive cells of TIMP2 expression were increased significantly and
the dye on nucleoli membrane represent brown.

effective in inhibiting the proliferation of GBC-SD cells in
a dose- and time-dependent manner. This is consistent with
the foreign reports about the effect of NCTD on other
tumor cells[22,23]. The reports demonstrated that NCTD is
the inhibitor of protein phosphatase type 2A[24-26] and can
inhibit the growth of human colon cancer HT29 cells, inhibit
cell growth and arrest the cell cycle at G2/M phase in K562
human myeloid leukemia cells, inhibit DNA synthesis in
H L-60 cells and induce apoptosis in human tumor cells[23,27-29].
We reported that after treatment with NCTD, percentage of
the G2/M phase in human gallbladder carcinoma GBC-SD
cells was increased, percentage of the S phase was decreased
with the increased rate of cell apoptosis by flow cytometry;
cell nuclear shrinkage, membrane budding and karyorrhexis
in some GBC-SD cells were shown by light microscope;
microvillus decreasing, cell apparatus including Golgi and
mitochondria atrophy, and typical apoptosis cells were observed
by electron microscope, and there was the morphological
change of apoptosis of GBC-SD cells[12]. It was shown that
the mechanisms, on which NCTD inhibit the proliferation
and the growth of human gallbladder carcinoma GBC-SD
cells might be correlated with the inhibition of cell proliferation,
arresting of cell cycle, blockage of DNA synthesis, influence
of cell metabolism and inducement of cell apoptosis[12].
PCNA and Ki-67, gene proteins of cell proliferation-related,
are the markers for reflection of cell proliferation[30-33]. In
this study, after treatment with IC 50 NCTD for 48 h, the

positive GBC-SD cells of expression of PCNA and Ki-67
proteins were decreased significantly; their positive indexes
were also decreased significantly (P<0.05). It was shown
that NCTD could influence the expression of the proliferationrelated gene proteins, PCNA and Ki-67, of GBC-SD cells.
This may be one of the mechanisms by which NCTD inhibit
proliferation and growth of human gallbladder carcinoma
GBC-SD cells.
Inhibitory effect of NCTD on invasion of GBC-SD cells and its
mechanism
Tumor invasion, one of the essential characters of malignant
neoplasm, is considered to be a dynamic, complex and multistep process[34] , but the essential step is the degradation
of extracellular matrix (ECM) and basement membrane
(BM)[34-37]. It was reported that matrix metalloproteinases
(MMPs) are important for the degradation of ECM. MMPs
hydrolyze specifically type IV, V, VII, X collagens and
fibronectin, elastin, etc., which are all important components
of ECM and BM, and are closely associated with the
invasiveness and metastasis of tumor[34-37]. Tissue inhibitors
of metalloproteinases (TIMPs), as the specific inhibitors
of MMPs, have such ability to form tight-binding, noncovalent inhibitory complexes with multiple members of
the MMP family that they inhibit MMP activity of ECM
degradation and have anti-metastasis function[34-37]. The
organic balance or homeostasis of MMPs to TIMPs ratio
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is the decisive factor for the maintenance of ECM steadiness
and integrity[38-40] . So, inhibition of cancer cell invasion,
maintenance of ECM integrity and homeostasis of expression
of MMPS and TIMPS became one of the basic mechanisms
of anti-cancer treatment for invasion and metastasis of
tumor[41-43].
In the present study, The Matrigel experiment, the crossingriver test and immuno-histochemistry assay of MMP2, TIMP2
in human gallbladder carcinoma GBC-SD cells were shown
that NCTD began to inhibit the in vitro invasion and
movement of GBC-SD cells at the concentration of 5 g/mL;
and that after treatment with norcantharidin, the expression
of MMP2 was significantly decreased, with the increase in
TIMP2 expression the MMP2 to TIMP2 ratio were decreased
significantly (P<0.05). Also, these changes were obviously
related with the decrease of passing-membrane GBC-SD
cells in the Matrigel experiment. NCTD could affect the
expression of matrix dissolution-related gene proteinsMMP2 and TIMP2, and the ratio of MMP2/TIMP2, consequently, exert the inhibiting effect of invasion of GBC-SD
cells. So, NCTD in vitro inhibits not only proliferation of
human gallbladder carcinoma GBC-SD cells but also invasion
and metastasis of the cells at relatively low concentrations.
Its anti-invasive activity may be the result of decrease in
MMP2 toTIMP 2 ratio and reduced motility of the cells.
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Abstract
AIM: To investigate the effects of eukaryotic expression of
plasmid on augmentation of liver regeneration (ALR) in
rat hepatic fibrosis and to explore their mechanisms.
METHODS: Ten rats were randomly selected from 50
Wistar rats as normal control group. The rest were
administered intraperitoneally with porcine serum twice
weekly. After 8 wk, they were randomly divided into:
model control group, colchicine group (Col), first ALR
group (ALR1), second ALR group (ALR2 ). Then colchicine
ALR recombinant plasmid were used to treat them
respectively. At the end of the 4th wk, rats were killed.
Serum indicators were detected and histopathological
changes were graded. Expression of type I, III, collagen
and TIMP-1 were detected by immunohisto-chemistry and
expression of TIMP-1 mRNA was detected by semiquantified RT-PCR.
RESULTS: The histologic examination showed that the
degree of the rat hepatic fibrosis in two ALR groups was lower
than those in model control group. Compared with model
group, ALR significantly reduced the serum levels of ALT,
AST, HA, LN, PCIII and IV (P<0.05). Immunohistochemical
staining showed that expression of type I, III, collagen
and TIMP-1 in two ALR groups was ameliorated dramatically
compared with model group (I collagen: 6.94±1.42, 5.80±1.66
and 10.83±3.58 in ALR1, ALR2 and model groups, respectively;
III collagen: 7.18±1.95, 4.50±1.67 and 10.25±2.61,
respectively; TIMP-1: 0.39±0.05, 0.20±0.06 and 0.53±0.12,
respectively, P<0.05 or P<0.01). The expression level of
TIMP-1 mRNA in the liver tissues was markedly decreased
in two ALR groups compared with model group (TIMP-1
mRNA/-actin: 0.89±0.08, 0.65±0.11 and 1.36±0.11 in
ALR1, ALR2 and model groups respectively, P<0.01).
CONCLUSION: ALR recombinant plasmid has beneficial
effects on rat hepatic fibrosis by enhancing regeneration
of injured liver cells and inhibiting TIMP-1 expressions.

INTRODUCTION
Hepatic fibrosis is a common pathological process of chronic
hepatic disease, which can lead to cirrhosis and increase the
risk for hepatocellular carcinoma[1,2]. Advanced fibrosis and
cirrhosis were generally considered to be irreversible
conditions even after removal of the injurious agent[3]. Over
the past 15 years, substantial progress has been made in
understanding the cellular and molecular regulation of
hepatic fibrosis. It is now clear that the accumulation of
extracellular matrix (ECM) in fibrotic diseases of the liver
is not a static or unidirectional event but a dynamic and regulated
process that is amenable to interv-ention[4]. At present, the
common sense is that cirrhosis could be prevented[5] and
hepatic fibrosis could be reversed effectively when the right
therapeutic strategy is applied[6]. With the development of
the technology of gene therapy and deep study of the
mechanism of hepatic fibrosis, the experimental gene
therapy of hepatic fibrosis is becoming the main strategy
on treating hepatic fibrosis[7-11].
Augmentation of liver regeneration (ALR) was originally
cloned from liver tissue of neonatal rats by Hagiya[12] in 1994.
Many studies have revealed that ALR appears to be an
important regulator of liver regeneration and has trophic effects
on regenerating liver and potent antihepatitis effects[13-16].
The present research is to observe the effects of ALR recombinant plasmid on rat hepatic fibrosis. We first established
a rat model of immune hepatic fibrosis cirrhosis and then
tested the therapeutic effects of ALR recombinant plasmid.
Colchicine has been used in liver diseases as an anti-fibrotic
drug[17,18]. We use colchcine here as a positive control treatment.
MATERIALS AND METHODS
Construction of ALR recombinant plasmid
Restrictive enzymes EcoRI and HindIII were purchased
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from Promega Corporation (USA); pcDNA3 vector was
purchased from Invitrogen Company (USA). The E. coli DH5a
was kindly provided by Dr. Yu-Huai Jin (Department of
Microbiology of Hebei Medical University). pBV200-ALR
plasmid was cloned and constructed by Zhang et al[16]. The
primers were synthesized according to Hagiya’s report[12] by
Sangon Biological Technology Company (Shanghai, China).
The forward: 5’-GCG AAG CTT ATG CGG ACC CAG
AAG C-3’, the reverse: 5’-GCT GAA TTC TTA GTC ACA
GGA GCC CTT-3’. The full-length ALR cDNA was PCR
amplified using the primers with pBV220-ALR as the DNA
template. The amplified product and pcDNA3 vector
DNA were digested respectively with HindIII and EcoRI
and then incubated at 75 ℃ for 10 min. The ALR-pcDNA
recombinant plasmid was constructed according to reference[19]. The ALR and pcDNA3 fragment with compatible
cohesive terminal were connected in bacteriophage T4 DNA
ligation system at 14 ℃ overnight. The reaction contained
T4 DNA ligase 1 L (3 u), 2´Ligation Buffer 5 L, 120 g
ALR fragment and 100 g pcDNA3 fragment, 5 L ligation
mixtures was added to 200 L E. coli DH5a. Appropriate
volume of transformed competent cell onto LB plate
containing ampicillin (100 mg/L) was transferred at 37 ℃
overnight. Bacterial colonies containing ALR plasmid were
identified with restriction enzymes (EcoRI, HindIII) and
agarose gel electrophoresis.

2439

Histologic grading
Liver tissues were fixed in formalin and embedded in
paraffin. Hematoxylin and eosin (HE) staining and Masson
staining were performed according to the standard procedure.
Histologic grade of chronic hepatic fibrosis was determined
by a semi-quantitative method based on the criteria described
below: grade 0: normal liver, grade 1: few collagen fibrils
extended from the central vein and portal tract, grade 2: collagen
fibrils extension was apparent but had not yet encompassed
the whole lobule, grade 3: collagen fibrils extended into and
encompassed the whole lobule, grade 4: diffuse extension
of collagen fibrils and pseudo-lobule was formed.
Two pathologists who had no knowledge of their sources
and each other’s assessment examined the stained slide
independently.
Serum activities of AST and ALT were determined by
the Laboratory Department of 4th Affiliated Hospital, Hebei
Medical University, China. Serum hyaluronic acid (HA),
laminin (LN), types III procollagen (PCIII) and IV collagen
concentrations were measured radioimmunologically using
a commercial kit (Shanghai Navy Medical Institute, Shanghai,
China) according to the manufacturer’s instructions.
Immunohistochemistry
Immunohischemistry kit and anti-mouse monoclonal antibodies
of Tissue Inhibitors of Metalloproteinase-1 (TIMP-1) were
purchased from Boster Biological Technology Ltd (Wuhan,
China). Immunohistochemistry was performed according
to the method previously described[21].

Establishment of animal model
Fifty Wistar rats, male, weighing 180-200 g, were obtained
from Experimental Animal Center of Hebei Medical
University, China. The rats were housed (five per cage) in
individual cages and subjected to 12 h-day/12 h-night cycle
with free access to basic food and water. All animals were
treated humanely according to the national guideline for
the care of animals in the country.
Taking randomly 10 from 50 Wistar rats as normal
control group (N, 10), which were treated with physiological
saline. The rest were given an intraperitoneal injection of
0.5 mL of porcine serum according to reference[20], twice a
wk for 8 wks. At the 8th wk, the liver pathology proved that
the hepatic fibrosis had been established by randomly
euthanizing two rats. Then administration of porcine serum
was stopped. Those model rats were randomly divided into:
model control group (M, 9), colchicine group (Col, 10),
first ALR group (ALR1, 9), which were given with porcine
serum continuously until the end of experiment), second
ALR group (ALR2, 10) and the treatments were administered.
The colchicine group was administered with colchicine orally
at a dose of 0.14 mg/kg per d; two ALR groups were
administered with pcDNA3-ALR recombinant plasmid
through caudal vein at a dose of 0.2 mg/kg per wk; normal
control group and model control group were administered
with physiological saline of 0.5 mL through caudal vein per
week. All the administrations lasted for 4 wk.

Semi-quantitative PCR
RNA isolation kits were purchased from Boster Biological
Technology Ltd. (Wuhan, China). TIMP-1 mRNA primers
were purchased from Sangon Biological Technology Company
(Shanghai, China). Total RNA was extracted using an RNA
isolation kit, and quantity and quality was detected on a
spectrophotometer. Purified RNA 2 mg and primer Oligo
(dT) were used for reverse transcription. The primers were:
TIMP-1, 482 bp, forward: 5’-TTC GTG GGG ACA CCA
GAA GTC-3’, reverse: 5’-TAT CTG GGA CCG CAG
GGA CTG-3’. -actin, 234 bp, forward: 5’-GGA GAA GAT
GAC CCA GAT CA-3’, reverse: 5’-GAT CTT CAT GAG
GTA GTC AG-3’. Amplification conditions included initial
denaturation for 5 min at 94 ℃, 30 cycles of amplification
with denaturation at 94 ℃ for 45 s, annealing at 61 ℃ for
45 s, and extension at 72 ℃ for 1 min. PCR products were
analyzed by agarose gel electrophoresis (15 g/L) and
visualized by ethidium bromide staining and ultraviolet
illumination. Expression of TIMP-1 was scanned by Champ
Gel Image Analysis System (Beijing Page Creation Science
Company, Beijing, China). The obtained values were related
to housekeeping gene -actin, and the resulting relative ratios
were analyzed statistically.

Collection of specimens
The rats were euthanized under ether anesthesia by
exsanguinations via the abdominal aorta 7 d after the last
administration for each group. Serum samples were collected
from all rats and livers and spleen were excised.

Statistical analysis
Data were analyzed with SPSS 11.5 software. Quantitative
data were presented as mean±SD and compared using one
way ANOVA procedure. Frequency data were compared
using Ridit procedure.
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Figure 1 Histologic section of experimental groups (HE´200). A: Normal rat
liver tissue, hepatic cords were well arranged; the structure of hepatic lobule
was intact. B: Model rat liver tissue, collagen deposition extending from central

veins, fibrotic septa and even pseudolobuli formation. C: ALR1 group rat liver tissue,
apparent amelioration of hepatocyte degeneration. D: ALR2 group rat liver tissue,
marked reduction in collagen deposition with no obvious pseudolobuli formation.

RESULTS
Histopathologic alterations
Control livers showed normal lobular architecture with
central veins and radiating hepatic cords with irregular
sinusoids, and a normal distribution of collagen with a
variable amount in portal tracts and a thin rim around central
veins (Figure 1A). Livers in model group showed disorderly
hepatocyte cords, severe fatty degeneration, spotty or focal
necrosis and infiltration of inflammatory cells and collagen
deposition extending from central veins or portal tracts,
with thick or thin fibrotic septa and even pseudolobuli
formation (Figure 1B). Treatment with ALR resulted in
apparent amelioration of hepatocyte degeneration, necrosis
and infiltration of inflammatory cells and marked reduction
in collagen deposition with no obvious pseudolobuli formation
in ALR1 group (Figure 1C) and ALR2 group (Figure 1D).
Statistical analysis presented significant differences between
two ALR groups and model control group in histologic
grading, indicating that fibrogenesis in two ALR groups was
much less severe than that of model control group (Table 1).

groups was slightly higher than that of normal control group,
but significantly lower than that in model control group
(P<0.05, Table 2).
Serum content of HA, LN, PCIII (P<0.05) and IV
(P<0.01) in Col group and two ALR groups was significantly
lower than that in model control group. Serum content of
PCIII in ALR2 group was also lower than that in Col group
and in ALR1 group (P<0.05, Table 3).
These data confirmed the histologic findings that ALR
can inhibit hepatic fibrogenesis and improve liver function.

Table 2 Serum content of ALT, AST (mean±SD)

a

Group

n

ALT(u/L)

N
M
Col
ALR1
ALR2

10
9
10
9
10

69.88±10.16
108.67±16.69 c
73.20±12.25a
88.56±11.18a
78.40±14.60a

AST(u/L)
134.25±21.63
201.22±22.85c
182.10±48.11a
165.33±22.21a
160.90±23.99a

P<0.05 vs model group; cP<0.05 vs normal control group.

Liver functions and serum fibrosis markers changes
Serum content of ALT, AST, in Col group and two ALR
Table 3 Serum content of HA, LN, PCIII and IV (mean±SD)
Group

Table 1 Histological grading of hepatic fibrosis
Group

n

Grade 0

Grade 1

Grade 2

Grade 3

Grade 4

n

HA (µg/L)

LN (µg/L)

PCIII (µg/L)

N

10

M

9

IV (µg/L)

338.67±48.24

33.71±14.53

10.17±2.78

36.80±15.04

435.91±40.31c

62.50±9.72c

18.13±7.11c

125.00±45.06d

N

10

10

0

0

0

0

Col

10

357.90±90.99a

40.98±13.74a 11.29±4.42a

37.78±8.89b

Mc

9

0

0

0

4

5

ALR1

9

327.43±111.26a

36.56±10.01a

41.29±23.86b

Cola

10

0

3

3

2

2

ALR2

10

319.29±73.91a

36.04±8.89a

ALR1a
ALR2a

9
10

0
1

2
3

4
3

1
2

2
1

a

P<0.05 vs model control group; cP<0.05 vs normal control group.

12.60±8.80a

5.74±2.14aeg 38.38±16.36b

a
P<0.05 vs model control group; bP<0.01 vs model control group; cP<0.05 vs
normal control group; dP<0.01 vs normal control group; eP<0.05 vs Col group;
g
P<0.05 vs ALR1 group.
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Figure 2 Immunohistochemistry section of TIMP-1 expressed (×200). A: Model
rat liver tissue, positive staining was seen at interstitial cells, inflammatory cells,
impaired hepatocytes as well as normal hepatocytes. B: ALR 1 group rat liver

tissue, staining of TIMP-1 was decreased. C: ALR 2 group rat liver tissue,
staining of TIMP-1 was markedly decreased.

Expression of I, III collagen and TIMP-1 by immunohistochemistry
ALR and colchicine can reduce the expression of I, III
collagen and TIMP-1 in liver tissue.
Image analysis showed that positive staining index of I
and III collagen in model group was the highest (P<0.01) and
was evidently decreased in every treated groups (P<0.01).
Positive staining of TIMP-1 was found at central vein
and Disse’s areas but not at hepatocytes on sections of
normal control group, whereas on sections of model
control group, the positive staining was seen at interstitial
cells, inflammatory cells, impaired hepatocytes as well as
normal hepatocytes (Figure 2A). Fibrotic septa were only
slightly stained.
Compared with model control group, the staining index
of TIMP-1 in colchicine group, ALR 1 group (Figure 2B)
and ALR 2 group (Figure 2C) was markedly decreased
(P<0.01). The staining index of III collagen in ALR 2
group was lower than in ALR 1 group (P<0.05) and the
staining index of TIMP-1 in ALR 2 group was also
markedly lower than in colchicine group and in ALR 1
group (P<0.01, Table 4).
TIMP-1 mRNA was detected in normal rat liver, but
the expression level was increased significantly in model
control group. Compared with model group, the ratio of
TIMP-1 mRNA to -actin in two ALR groups and colchicine
group was markedly decreased (P<0.01) and the ratio in
ALR2 group was markedly lower than in ALR1 group (P<0.01,
Table 4). Thus, the data suggested that ALR and colchicine
could reduce the pathologic expression of TIMP-1 in hepatic
fibrosis.

DISCUSSION
Ukei et al [10], found that hepatocyte growth factor (HGF)
could promote the proliferation of hepatocytes as a potent
mitogen and observably reverse the progression of hepatic
fibrosis in rats, indicating that maybe ALR has an effect on
hepatic fibrosis.
ALR is a novel cytokine which specifically stimulates
hepatic cell proliferation and is able to rescue acute liver
failure by inhibition of hepatic natural killer cell activity in
acute liver injury[13]. Its complex mechanism might be involved
in the synthesis or stability of the nuclear and mitochondrial
transcripts that are present in actively regenerating cells.
Many data have demonstrated that the administration of
exogenous ALR protein can stimulate hepatocyte proliferation
and reverse experimental hepatic fibrosis[13-15,21,22].
The present study demonstrated that ALR recombinant
plasmid has potent effects for rat hepatic fibrosis based on
both histologic examination and functional analysis. Its
effects are even greater than the effects of colchicine in
detecting the expression of TIMP-1. HA, LN, PCIII and
IV have been found to be ideal serum markers of hepatic
fibrosis. We detected that the serum content of HA, LN,
PCIII and IV in two ALR group is decreased markedly
compared with model group. In addition, ALR recombinant
plasmid can reduce heightened ALT and AST, indicating
that they can promote the repair of injured liver cell.
An ideal anim model should be very similar to the
characteristics of human disease. Here the rats in ALR 1
group were stimulated continuously by pathogenic factor
(administered intraperitoneally with porcine serum) until the
end of the experiment. We think that the pathogenic stimulating
would cease even if patients were administered with drugs in
lots of cases. In the present study, model control group,
two ALR groups represent respectively spontaneous resolution
of hepatic fibrosis, therapy plus removing pathogeny (ALR2
group) and therapy but not removing pathogeny (ALR 1
group). The therapeutic effects of ALR in ALR2 group are
more ideal than in ALR 1 group through detecting the
expression of III collagen, TIMP-1 and TIMP-1 mRNA,
which suggests that removing pathogeny can achieve more
ideal effects for treating hepatic fibrosis.
Hepatic fibrosis is the process of excessive deposition
of collagen and other ECM component. Some ECM deposition is necessary for wound healing to provide strength and

Table 4 Expression of I, III and IV collagen and TIMP-1 and level of
TIMP-1 mRNA in relation to -actin (mean±SD)
Group

n

I collagen

2.92±1.13

TIMP-1 TIMP-1 mRNA/-actin

N

10

M

9

10.83±3.58d

10.25±2.61d 0.53±0.12d

1.36±0.11d

10

7.10±1.76 b

5.81±1.86b 0.30±0.05b

0.77±0.16 b

Col

3.23±1.02

III collagen

0.16±0.06

ALR1

9

6.94±1.42b

7.18±1.95a

ALR2

10

5.80 ±1.66 b

4.50±1.67bg 0.20±0.06 bfh

a

0.39±0.05b

0.49±0.09

0.89±0.08 b
0.65±0.11bh

P<0.05 vs model control group; bP<0.01 vs model control group; dP<0.01 vs
normal control group; fP<0.01 vs Col group; gP<0.05 vs ALR1 group; hP<0.01 vs
ALR1 group.
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temporary structure to damaged tissue; however, if not
limited, it can be pathologic[23]. The increase of ECM synthesis
and decrease of ECM degradation will result in excess
deposition of ECM in liver. The decrease of ECM degradation
was the primary reason for the excess deposition of ECM
in the late stage. The metalloproteinases (MMPs) played a
leading role during the degradation of ECM [24-26]. MMPs
were a group of zinc-ion dependent enzymes, which created
conditions for further degradation of other proteinases through
reducing the stability of helical structure of collagen and
changing the secondary structure of substrates. TIMPs were
a group of polypeptides with the ability of inhibiting the
function of MMPs. Research work showed that TIMP can
be divided into four classes: TIMP-1, TIMP-2, TIMP-3,
and TIMP-4. However, only TIMP-1 and TIMP-2 could
be detected in liver [27-29]. The expression of TIMP-1 was
more obvious than that of TIMP-2. All these indicated that
TIMP-1 did play an important role in the development of
liver fibrosis and cirrhosis. At present, it was found that
TIMP-1 in the injured liver increased early and obviously,
and many researchers thought that TIMP-1 was a very important
promoting factor in the process of hepatic fibrosis[30-32]. This
has important implications for the future development of
therapeutic antifibrotic strategies in the liver[31,32]. It may be
the basic mechanism of reversing hepatic fibrosis and a
leading strategy of treating hepatic fibrosis to suppress the
expression of TIMP-1 mRNA.
In normal liver, the collagen types I, III account for
about 80% of the total collagen of liver, while it rises up to
more than 95% in fibrotic liver. The collagen type I covers
about 60-70% of the total collagen of fibrotic liver, and
type III is 20-30%[33,34]. Therefore, collagen I, III are regarded
as the important parameters to reflect the metabolism of
collagen, and thus we can judge the therapeutic effect of
anti-fibrosis strategies[35,36]. The content of collagen I, III
was lower in the ALR group than that in model group. At
the same time, we found that TIMP-1 and TIMP-1 mRNA
were expressed obviously in model group and TIMP-1 level
in ALR groups were markedly decreased.
These data showed that ALR recombinant plasmid can
increase the degradating capacity of collagen I, III, decrease
the deposition of ECM and the expression of TIMP-1 in
pathologic liver tissue and thus reverse the hepatic fibrosis
induced by porcine serum administration. This may be the
molecular mechanism of ALR. ALR gene therapy may be
potentially useful for the treatment of patients with liver
cirrhosis.
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Abstract
AIM: To make drug sera of Salvia miltiorrhiza and
Yigankang, both of which are Chinese herbs that activate
bleeding and eliminate stasis, in normal rats and those
with liver fibrosis, respectively. To investigate and compare
the effects of the two different drug sera on the proliferation
and activation of hepatic stellate cells (HSCs).
METHODS: Some rats were induced with liver fibrosis:
40% carbon tetrachloride (CCl4) subcutaneous injection,
twice a week for 9 wk. Salvia miltiorrhiza, Yigankang,
colchicines and normal saline were administered into the
stomachs of normal rats and those with liver fibrosis.
Drug sera were extracted 5 d later. HSCs in vitro were
cultivated in different drug sera for 24 h. The rates of
proliferation and expression of -smooth muscle actin
(-SMA) were detected by 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) and immunocytochemistry stain, respectively.
RESULTS: The drug sera from normal and liver fibrotic
rats could be used to cultivate HSCs and to observe the
effects of the corresponding components of herbs on
HSCs. Salvia miltiorrhiza and Yigankang had better
inhibitory effects on HSCs than colchicines (MTT: normal
drug serum: Salvia miltiorrhiza 0.42±0.08, Yigankang
0.32±0.10 vs colchicines 0.45±0.12 pathological drug
serum: Salvia miltiorrhiza 0.33±0.02, Yigankang 0.26±0.01
vs colchicines 0.41±0.09. P<0.05). The drug sera of Salvia
miltiorrhiza, Yigankang from liver fibrotic rats had a stronger
inhibitory effect than the same ones from normal rats
(MTT: Salvia miltiorrhiza: normal drug serum 0.42±0.08 vs
pathological drug serum 0.33±0.02. Yigankang: normal drug
serum 0.32±0.10 vs pathological drug serum 0.26±0.01.
P<0.05).
CONCLUSION: Salvia miltiorrhiza and Yigankang could
inhibit the expression of -SMA and the proliferation of
HSCs. The drug sera from normal and liver fibrotic rats
had different effects on HSCs, probably due to different

metabolic processes, effective components and different
quantities of drug contents in drug sera from rats with
different states of liver.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The activation and proliferation of hepatic stellate cells
(HSCs) is the major cellular basis for the formation of
liver fibrosis [1,2]. No ideal Western medicine has been
developed against liver fibrosis until now, otherwise, a series
of blood-activating and stasis-eliminating Chinese medicine,
such as Salvia miltiorrhiza, has a positive effect on the
preventive treatment and inversion of liver fibrosis[3,4]. But
it is difficult to clarify the working mechanism and real
effective components of such Chinese medicine against
fibrosis. A feasible way to solve this problem appeared when
the seropharmacological method was advanced in 1984[5] .
By traditional seropharmacological method, the drug sera
are always extracted from normal rats which have been
induced with drugs[6] . But it is the patients with hepatic
diseases who take the corresponding drugs clinically. What
is the difference between normal and pathologic livers
during the metabolic process? The project has been carried
out to find out if there exist differences in the working
effects and effective components of the same drugs caused
by different states of liver.
MATERIALS AND METHODS
Cell line
HSC cell line: CFSC is established and presented by
Professor Greenwell, Marion Bessin Liver Research Center,
Albert Einstein College of Medicine. The phenotype of
CFSC is HSC which has been activated. They were
obtained from CCl4-cirrhotic liver of rats, after spontaneous
immortalization in culture.
Materials
Eighty of clean, male Sprague-Dawley (SD) rats of 200-250 g
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were from the Laboratory Animal Center of Hebei Medical
University. RPMI-1640 culture medium, L-Glutamine,
hydroxyethyl piperazine ethanesulfonic acid (HEPES),
pancreatin, MTT, dimethyl sulfoxide (DMSO), antibody
of -SMA were all from Biological Technological Company.
Carbon tetrachloride (CCl4) and other materials were all
analytically pure (AP). Chinese herbs were from Lerentang
Chinese Medicine Drugstore.

results were obtained from an average of nine numbers.
A group of control was set at the same time. Twenty
microliters of MTT was added after the drug serum was
allowed to have worked for 24 h. Then DMSO was added
4 h later. Optical density (A) in all holes was measured.
Then the inhibitory rate (IR) of all drug sera on the growth
of HSCs were calculated. IR = (Aexperiment group-Acontrol group)/
Acontrol group×100%.

Grouping
SD rats 80: 200-250 g, male, were randomized into eight
groups, 10 in each group.
Group A: normal rats.
A1: Salvia miltiorrhiza A2: Yigankang A3: colchicines A4:
normal control (normal saline).
Group B: liver fibrotic rats.
B1: Salvia miltiorrhiza B2: Yigankang B3: colchicine B4:
fibrosis control (normal saline).
The rats in group A were all normal and healthy. The
rats in groups A1-A4 were fed with corresponding drugs or
normal saline. The rats in group B were all induced with
liver fibrosis, then corresponding drugs or normal saline
were fed.

Detecting the expression of -SMA in HSCs by immunocytochemistry stain
HSCs were transferred onto the bottle chip. HSCs were
cultured in pure RPMI-1640 overnight when HSCs grew
to 90% on the chip. There were three similar chips for each
kind of drug serum. The chips were taken out after being
cultivated in drug serum for 24 h. HSCs were fixated.
Antibody of -SMA was added on HSCs, then SP
immunocytochemistry stain was performed. The rate of
positive cells was obtained by analyzing the stain (using the
analysis software from Huadong Normal University) under
microscope (×200). Final results were obtained from the
average.

Inducing liver fibrosis in rats
The rats in group B were induced with liver fibrosis by
40% CCl4, subcutaneous injection, 4 mL/kg the first time,
then 2 mL/kg, twice a week, for 9 wk.
Preparation of drug solution
Salvia miltiorrhiza and Yigankang were from Lerentang
Drugstore of Hebei Province. They were decocted and
concentrated. The solutions were sealed and kept in 4 ℃.
The quantities of raw herbs in solution: Salvia miltiorrhiza
0.51 g/mL, Yigankang 0.72 g/mL. Colchicines (tablets) were
dissolved in normal saline to form 0.04 mg/mL.
Preparation of drug serum
Corresponding drugs were poured into the stomachs of
rats for 5 d. The quantity of drugs is 10 times that of the
normal adults per kilogram per day, twice a day. Rats were
fasted since the night of the 4 th day. Blood was extracted
from inferior vena cava 2 h after the drugs were given on
the fifth morning. Then serum was obtained by centrifugation,
3 000 r/min, 4 ℃, for 20 min. The serum from the rats in
the same group were mixed, then were inactivated at 56 ℃,
for 30 min. The sera were stored at -70 ℃. Drug sera
sterilized by filtration, were dissolved in 8% new calf serum
(NCS)/RPMI-1640 cell culture medium to produce 10%
drug serum-1640 culture medium, which was ready for
use at -20 ℃.
Detection of the inhibitory rate of drug serum on HSC growth
by MTT
Cell solutions were incubated on 96-well plate. When HSCs
grew to 90%, they were cultivated in pure RPMI-1640 (no
serum) overnight, so as to synchronize HSCs into the G0
period. The next morning, corresponding groups of 10%
drug serum-1640 media in the wells were changed. There
were nine such holes for each kind of drug serum. The

Statistical analysis
SPSS 10.0 was used to perform F and 2 test and P<0.05
was regarded as statistically significant.

RESULTS
Obvious proliferation of fibers appeared in the liver when
the rats in group B were modeled for 9 wk. There were
inflammation necrosis and vacuole degeneration in the liver.
No obvious changes appeared in the rat livers of group A.
(Figure 1).
The experiment of pure sera from normal and fibrotic
rats on HSCs in vitro for 48 h showed that the RPMI-1640
culture media with serum from normal and fibrotic rats
could keep the growth of HSCs’ normal. The effect of
drug sera from normal and fibrotic rats on HSCs for 48 h
showed that drug sera from three kinds of drugs could be
used to cultivate HSCs in vitro, but HSCs’ growth and
differentiation were very slow. The typical phenotype of
HSCs was disappearing gradually; synapses were getting
fewer and smaller; and cell bodies expanded. All showed that

Figure 1 Liver fibrosis with inflammation necrosis and ballooning after CCl 4
injection for 9 wk (Masson, 100×).
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Table 1 Inhibitory rate of drug sera on the proliferation of HSC (MTT)
Group

IR (%)

A

Group

IR (%)

A

A1

33.62±0.72a

0.42±0.08a

B1

47.42±0.17 c,e

0.33±0.02c,e

A2

49.74±1.02a

0.32±0.10a

B2

58.12±1.04 c,e

0.26±0.01c,e

A3
A4

29.38±0.75
-

0.45±0.12
0.64±0.08

B3
B4

34.66±0.78
-

0.41±0.09
0.62±0.11

a

P<0.05 vs group A3 and A4 A(mean±SD); cP<0.05 vs group B3 and B4; eP<0.05 vs group A1 and A2, respectively; IR = (Aexperiment group–Acontrol group) ÷Acontrol group×100%.

components in drug sera had worked on HSCs (Figure 2).
The detection of IR of drug sera on HSCs growth by
MTT showed that Salvia miltiorrhiza, Yigankang inhibited
the proliferation of HSCs more than colchicines (P<0.05).
The drug sera from rats in groups B1 and B2 (sera of
Salvia miltiorrhiza, Yigankang from fibrotic rats) had a
stronger effect than that from A1 and A2 (sera of Salvia
miltiorrhiza, Yigankang from normal rats) (P<0.05) (Table 1).
The detection of -SMA in HSCs by SP immunocytochemistry stain showed that the drug sera of Salvia
miltiorrhiza and Yigankang from normal and fibrotic rats
could all inhibit the expression of -SMA, compared with
colchicines (P<0.05). The drug sera from B1 and B2 had a
stronger effect than that from A1 and A2 (P<0.05) (Figure 3,
Table 2).

A

B

Table 2 Effect of drug sera on the expression of -SMA in HSC (%)
Group

SMA

Group

SMA

A1

41.72±1.48a

B1

A2

37.00±0.45a

B2

37.13±2.42c,e
32.13±1.46c,e

A3

48.13±1.08

B3

46.12±0.48

A4

64.10±2.85

B4

60.88±2.07

a

Figure 2 HSCs in the media of different sera (immunocytochemistry stain of SMA, 400×). A: HSCs in NCS/RPMI-1640, B: HSCs in drug sera/RPMI-1640:
cells expanded and synapses became fewer and smaller.

DISCUSSION
Today, chronic hepatic diseases caused by hepatitis virus,
and the following liver fibrosis, cirrhosis and a few of liver
cancer are still a serious problem, which is harmful to
people’s health in China. Liver fibrosis is a necessary stage
during the development of liver cirrhosis[7,8]. Therefore the
preventive treatment and inversion of liver fibrosis is the
key point to cure chronic hepatic diseases and to improve
the prognosis. Now the researches mainly focus on how to
inhibit and cut the initiative factor of fibrosis-the activation
and proliferation of HSC[9]. No ideal Western drug and
therapeutic method have emerged until now[10]. Otherwise,
a few blood-activating and stasis-eliminating Chinese
medicine, such as Salvia miltiorrhiza, Yigan Granule (Yigankang),
show a positive effect in clinical and experimental studies[11,12].
Based on Yigan infusion, YigankangY is a new generation
drug which was developed in recent years, and shows
outstanding superiority in treating liver fibrosis (A recipe
of Traditional Chinese Medicine, TCM, by Professor XiXian Yao, who is a famous expert of gastrointestinal disease
in China. The medicine has been commonly put into clinical

use for 18 years, widely welcomed by sufferers because of
its minimal side effects and excellent clinical efficiencies).
But it is difficult to clarify the effective components of
herbs which consist of complex parts. It is also a bottleneck
that obstructs the development and application of new TCM.
Chinese herbs come mostly from nature. They could be
taken only after being dried and decocted under certain
conditions. Also certain kinds of herbs do not have specific
and exact structures like Western medicine, quite compressed
to make complex prescriptions. Some nonpharmocological
effect may occur if the herbs were added into the culture
media of HSCs in vitro directly. Some drugs and drug
precursors work through the effective substance which was
produced after being transformed in vivo[13], or real effective
components were physiologically active matters which were
induced in vivo by the drugs. Such kind of drugs could be
believed to be useless if they are added into the cell lines in
vitro directly[14,15]. How to represent the effective components
and the working mechanism of TCM by organic metabolism
is the key problem.
The results of this research show that the drug sera of
blood-activating and stasis-eliminating Chinese medicine
such as Salvia miltiorrhiza, Yigankang (complex prescription)

P<0.05 vs group A3 and A4; cP<0.05 vs group B3 and B4; eP<0.05 vs group
A1 and A2, respectively; -SMA (number of positive HSCs ÷ number of all
HSCs ×100%).
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Figure 3 Immunocytochemistry stain of -SMA in HSCs-positive cells: brown
in plasm. When HSCs were inhibited, the number of HSCs decreased, while the
expression of -SMA increased, with cell bodies expanded and synapses
fewer and smaller (200×). A: HSCs in normal serum of Salvia miltiorrhiza; B:

HSCs in normal serum of Yigankang; C: HSCs in normal serum of colchicines;
D: HSCs in normal serum of rats; E: HSCs in pathological serum of Salvia
miltiorrhiza; F: HSCs in pathological serum of Yigankang; G: HSCs in pathological
serum of colchicines; H: HSCs in pathological serum of fibrotic rats.

had an apparently inhibitory effect on HSC proliferation
and the expression of -SMA, which is the marker of the
activation of HSCs[16,17]. The expressive rate of -SMA on
HSC of Salvia miltiorrhiza, Yigankang was 37.13%, 32.13%,
respectively, which were lower than that of colchicines and
normal saline (46.12%, 60.88%, respectively) obviously
(P<0.05) (Table 2, Figure 3). The inhibitory rate of Salvia
miltior rhiza and Yigankang on HSC proliferation was
47.42%, 58.12%, respectively, which were higher than that
of the control group (P<0.05) (Table 1). So it might be
considered that some effective components were produced

when Salvia miltiorrhiza, Yigankang was taken into the body
and transformed after they were decocted. The effective
components enter the liver and inhibit the activation and
proliferation of HSC through certain mechanisms (such as
inhibiting lipid peroxidation[18,19]). But the exact working
components and their structures need further investigation.
In this experiment we mimicked the real condition of
the usage of herbs clinically and in the manner of their
disposal afterwards, the style of usage, the dosage and the
metabolic process in vivo. The drug sera thus obtained
contain the real working components which are produced
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after the metabolic process in vivo and then enter the serum.
To research the effect of the sera on the function and the
phenotype of HSCs, we applied the sera to cell culture in
vitro in order to clarify the working mechanism of TCM.
This is the traditional “pharmacological method”[20]. At the
same time we noticed that, usually it is patients with liver
diseases that take the herbs clinically. Different (normal
and pathological) conditions of liver, which is the biggest
organ for biological metabolism, could lead to some difference
in the conversion of the same drug. The final effective
components in the sera and the effects may differ when the
same drug is metabolized by the body with different states
of liver. In traditional pharmacological method, healthy rats
are the drug receivers, and drug serum resources. So the aim
of the study is to improve the traditional seropharmacological
method in order to make the drug serum provider animals
resemble the real body condition of clinical drug users. So
we could mimic the possible condition, possible process,
the products of the herbs’ metabolism in vivo, and patients’
condition clinically to the greatest extent, more exact than
traditional “pharmacological method”. Thus we call it
“modified seropharmacological method”.
The results of the research showed that, the drug sera
of Salvia miltiorrhiza and Yigankang from liver fibrotic rats
have a stronger inhibitory effect on the activation and
proliferation of HSCs than the corresponding serum from
normal rats. At the same time, the drug serum of Salvia
miltiorrhiza from fibrotic rats inhibits the proliferation of
HSCs at the rate of 47.42%, which is higher than the drug
serum of Salvia miltiorrhiza from normal rats: 33.62%
(P<0.05) (Table 1). The expressive rates of -SMA on HSCs
in the sera of Salvia miltiorrhiza from fibrotic and normal
rats are 37.13%, 41.72% (P<0.05) (Table 2, Figure 3). The
drug sera of Yigankang from fibrotic and normal rats
inhibited the proliferation of HSCs at the rate of 58.12%,
49.74% (P<0.05) (Table 1). The rate of expression of SMA in HSCs in the sera of Yigankang from fibrotic and
normal rats were 32.13%, 37.00%, respectively (P<0.05)
(Table 2, Figure 3). So we considered that the drug sera
extracted from liver fibrosis could reflect the metabolic
process better, products and working components of the
TCM against liver fibrosis in vivo theologically, and this
kind of drug serum could be applied in the experimental
study of TCM against liver fibrosis. The effects of
pathological drug sera from liver fibrotic rats were
strengthened than those from normal rats (both Salvia
miltiorrhiza and Yigankang), which may be related with the
different drug effects caused by different functional status
of livers. From the Chinese traditional theory of “diagnosis
based on different symptoms and pathogenesis” in Chinese
traditional medicine[21] , TCM will work best only if the
symptoms and etiology are best suited to the indication.
Both Salvia miltiorrhiza and Yigankang, are blood-activating
and stasis-eliminating herbs; undoubtedly they indicate liver
fibrosis. Normal rats had no illness or symptoms, so the
effects of blood-activating and stasis-eliminating are not
obvious. So the blood-activating and stasis-eliminating herbs
such as Salvia miltiorrhiza and Yigankang might have a better
effect on fibrotic rats. We considered that different functional
status of livers metabolized drugs differently, so there was a
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difference in metabolic effective components and their content.
The drug sera that come from pathological liver (fibrotic
model) (pathological drug serum) inhibited the activation
and proliferation of HSCs more strongly than those from
normal rats. The following factors may work. (1) TCM has an
advantage to doubly regulate the physiological functions.
They have no obvious effect on the normal liver cells, but
perform a better regulatory effect on pathological liver,
thereby making an effective indication. (2) In liver fibrosis
models caused by CCl4, some responsive factors such as
toxins and inhibitory cytokines induced by CCl4 in vivo
entered the serum, which cannot be inactivated by the
pathological (fibrotic) liver may inhibit the HSC in vitro. The
inhibitory effect of this kind of inhibitory cytokines may
not be HSC specific, which is to say that, they could inhibit
the activation and proliferation of many kinds of cells
in vivo besides HSC. (3) The ability of the liver to transform
and inactivate drugs decreases because the metabolic
function of the fibrotic livers decreases generally. So it makes
the concentration of the effective components higher, and
prolong the working time, so as to inhibit HSCs more
(Figure 3). Further researches needs to be performed to
clarify the reason why drug sera from normal and fibrotic
rats have different effects on HSC. For example, the rats
could be modeled into liver fibrosis not by CCl4 in order to
know whether or not the effect caused by nonspecific factors
induced by CCl4 exists. Also we can optimize the conditions
of serum inactivation so as to inactivate nonspecific factors.
Or we can carry out the comparative study of pharmacokinetics
after healthy volunteers and fibrotic patients take the same
drugs, then compare the corresponding effective components
in drug sera. Thus we can know the real reason why
pathological drug sera work stronger, and modify the
pharmocological method further.
Blood-activating and stasis-eliminating Chinese herbs
such as Salvia miltiorrhiza and Yigankang have obvious effects
on liver fibrosis[22,23]. But there is no ideal way to clarify the
effective components among them. The value of this research
lies in that we could get the real effective components of
Salvia miltiorrhiza and Yigankang after they were metabolized
by normal and fibrotic liver, which could provide reliable
samples for analyzing the working components in the sera
by HPLC, etc. Still there are difficulties in analyzing the
sort, quantity and structure of effective components in the
serum. It is also the key problem that needs to be solved in
the study and development of new TCM. Making the drug
sera of effective TCM against liver fibrosis by “modified
seropharmacological methods”, by analyzing the effective
part may be a feasible way to get the working part in the
drug sera which are effective against fibrosis. It is also an
important direction for future development. It might be
possible to analyze the components and structures of the
effective parts in drug sera against liver fibrosis, by high
volume gene microarray chips, etc. It is also one of the
important tasks in the research of TCM in future.
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Abstract
AIM: The present study evaluates the performance of
the POSSUM, the American Society of Anesthetists (ASA),
APACHE and Childs classification in predicting mortality
and morbidity in hepatopancreaticobiliary (HPB) surgery.
We describe especially the limitations and advantages of
risk in stratifying the patients.
METHODS: We investigated 177 randomly chosen patients
undergoing elective complex HPB surgery in a single institution
with a total of 71 pre-operative and intra-operative risk factors.
Primary endpoint was in-hospital mortality and morbidity.
Ordered logistic regression analysis was used to identify
individual predictors of operative morbidity and mortality.
RESULTS: The operative mortality in the series was 3.95%.
This compared well with the p-POSSUM and APACHE
predicted mortality of 4.31% and 4.29% respectively. Postoperative complications amounted to 45% with 24 (13.6%)
patients having a major adverse event. On multivariate analysis
the pre-operative POSSUM physiological score (OR = 1.18,
P = 0.009) was superior in predicting complications
compared to the ASA (P = 0.108), APACHE (P = 0.117)
or Childs classification (P = 0.136). In addition, serum
sodium, creatinine, international normalized ratio (INR),
pulse rate, and intra-operative blood loss were independent
risk factors. A combination of the POSSUM variables and
INR offered the optimal combination of risk factors for
risk prognostication in HPB surgery.
CONCLUSION: Morbidity for elective HPB surgery can be
accurately predicted and applied in everyday surgical
practice as an adjunct in the process of informed consent
and for effective allocation of resources for intensive and
high-dependency care facilities.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Observed healthcare outcomes (mortality, length of hospital
stay, quality of life) are increasingly relied upon for evaluating
the quality of medical care. Expected outcomes represent
predictions about what ought to happen to a particular
patient, or group of patients, given pre-defined standards
of care. Predictions are based on relevant prognostic factors
including patient’s age, disease severity and co-morbidity.
Operative mortality and morbidity are objective measures
of outcome that can be readily used for monitoring
performance within a center or between centers. However,
for this measure to be truly objective it must be adjusted
for the patient-related risk factors (case-mix).
The Portsmouth Physiological and Operative Severity
Score for enumeration of mortality and morbidity[1] (pPOSSUM) was developed as a modification of the original
POSSUM equation which was described by Copeland et al[2],
and has been widely applied to adjust for case-mix in general
surgery. These scoring systems used a 12-factor, four-grade,
physiological score and a 6-factor, four-grade, operative severity
score, compensating for the type of procedure. Although the
POSSUM scoring systems have been applied in patients
undergoing general[3], colorectal[4] and vascular [5] surgery,
recent reports have pointed out the limitations of applying
the POSSUM scoring for example at the extremes of age
in colorectal surgery[6] and in emergency vascular surgery[7].
Other types of risk scoring systems have been devised.
The American Society of Anesthetists (ASA) grading system
is a subjective pre-operative co-morbid index, which has
been shown to be a good predictor of post-operative survival[8].
Specific to cirrhotic patients, the Child-Pugh grading system
has been shown to be an adequate predictor of short-term
and long-term survival[9]. Other systems such as APACHE
II scoring system have also been used[10].
Hepatobiliarypancreatic surgical procedures are complex
with difficult post-operative management. Many procedures
of heterogeneous complexities are being carried out in the
referral centers and in order to compare centers these factors
may have to be taken into account. It requires a multidisciplinary approach to patient management with a high
dependence on the intensive care facilities. It is being
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concentrated akin to cardiac and neurosurgery in large
centers with a good throughput. Risk adjustment of patients
undergoing complex procedure is imminently needed for a
qualified informed consent and allocation of meager highcost resources. The aim of the present study was to compare
the POSSUM equation with other risk scoring systems along
with other peri-operative variables in order to identify factors,
which may affect the outcome of patients undergoing
hepatobiliarypancreatic surgery.

MATERIALS AND METHODS
Data and variables
A team of surgeons, anesthetists and intensivists met to
decide the risk factors and scoring systems, which may be
valuable predictors for post-operative outcome in hepatopancreaticobiliary (HPB) surgery. Dedicated proformas comprised
of (1) demographic details, (2) pre-operative assessment
and clinical staging, (3) surgical treatment, (4) postoperative
course and complications and (5) data points for various
scoring systems [POSSUM, APACHE, ASA, Child-Pugh]
and other possible factors for HPB surgery (these currently
available and widely used risk stratification models were
used as starting point, other factors such as temperature,
transfusion requirement were chosen based on literature
review as factors affecting outcome in HPB surgery), (6)
anesthetic data included intra-operative routinely collected
data on a central computerized system, which included pulse,
blood pressure, oxygen saturation, core temperature, blood
gas measurements, blood loss and intra-operative fluid
management, (7) outcomes as defined below. Data were
recorded on a Microsoft Access 2000 database (Microsoft
Corporation, USA). The patient records underwent an
extensive process of data editing to check for missing or
out-range values and inconsistencies between data fields.
Following rectification of these records, error-free data were
entered into a master file. Primary outcome was in-hospital
operative mortality, defined as death during the same hospital
admission as the operation, regardless of cause and postoperative morbidity classified as minor (delays discharge),
intermediate (requiring non-invasive intervention), major
(life-threatening or requiring invasive intervention). Inhospital mortality was validated from case records, hospital
mortuary registers and the hospital Patient Administration
System. The patient and procedural risk factors included
(1) age; (2) gender; (3) POSSUM pre-operative physiological
score and operative severity score[2] ; (4) surgical procedure
categorized according to the OPCS4 system, (5) APACHE
variables, (6) cancer staging according to TNM classification
of HPB malignancies where applicable; (7) Child-Pugh
classification, (8) ASA grade, (9) other peri-operative
variables such as clotting profile, type of previous surgery,
intra-operative parameters as defined above.
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1991-1999. Patients were selected randomly from a central
prospective database using a computer-generated random
number sample. Case notes were then retrieved and other
data in surgical and anesthetic computerized data were
further added.
Statistical analysis
Unifactorial ordered logistic regression was used to identify
risk factors related to in-hospital adverseevents[11]. Morbidity
and mortality were combined as a single ordinal variable
comprising three possible outcomes: (1) no morbidity or
mortality, (2) mild to intermediate morbidity, (3) major
morbidity or mortality. Continuous variables such as POSSUM
and APACHE were categorized into quartiles, representing
groups increasing operative risk. Any variable whose
univariate test had a P-value of <0.25 was considered as a
candidate for the multivariate analysis. In order to maximize
the information extracted from the predictor variables, we
used a median imputation technique for substituting any
incomplete data[12]. Multifactorial ordered logistic regression
analysis was used to adjust for multiple risk factors and
their interactions, entered into the model in a stepwise
fashion. Internal validation was performed by comparing
observed and predicted complication rates across the various
subgroups of international normalized ratio (INR) values
using the Hosmer-Lemeshow 2 test[13].
Software
The following statistical software packages were utilized:
“Intercooled STATA 6.0 for Windows” (STATA Corporation,
USA), “Statistical Package for the Social Sciences” version
11 for Windows (SPSS, Chicago, IL, USA).

RESULTS
A summary of the diagnosis and type of operative
procedures are shown in Tables 1 and 2 respectively. The
patient demographic characteristics and in-hospital operative
mortality and morbidity are shown in Tables 3 and 4. The
overall observed in-hospital operative mortality was 3.95%
and morbidity was 45.2%.
Incomplete data for the 177 cases with 77 variables
were 2% and were mainly for clotting profiles such as APTT

Table 1 Diagnosis
Organ

Number of patients
(% of total)

Number of deaths
(% mortality)

89 (50.3)

1 (1.1)

Hepatic
Liver primary

14 (7.9)

Colorectal secondaries

47 (26.6)

Other secondaries

5 (2.8)

Carcinoid tumors

10 (5.6)

0

Benign liver lesions

13 (7.3)

0

Biliary

Patient selection
Patients undergoing major elective hepatobiliarypancreatic
surgery at King’s College Hospital were included in the study.
Prospective data on 77 consecutive patients were collected
for the year March 2000-February 2001. Retrospective data
(n = 100) were collected from case notes for the period

0
1 (2.1)
0

63 (35.6)

4 (6.3)

Cholangiocarcinoma

24 (13.6)

4 (16.6)

Iatrogenic biliary strictures

24 (13.6)

Benign biliary strictures

15 (8.5)

0

25 (14.1)

2 (8)

18 (10.2)

2 (11)

Pancreatic
Pancreatic malignancy
Pancreatitis
Total

7 (3.9)
177 (100)

0

0
7 (3.95)
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Table 2 Type of procedure and in-hospital mortality

Table 4 Types of morbidity

Procedure

System

Right hepatectomy

29 (16.4)

1 (3.4)

Left hepatectomy

15 (8.5)

0

Extended right hepatectomy

16 (9)

Extended left hepatectomy

2 (12.5)

5 (2.8)

1 (20)

Segmental liver resection

28 (15.8)

0

Hepaticojejunostomy

47 (26.6)

0

Pancreaticoduodenectomy

22 (12.4)

Total pancreatectomy
Distal pancreatectomy

2 (1.1)

3 (13.6)
0

2 (1.1)

0

Others

11 (6.2)

0

Total

177 (100)

7 (3.95)

and fibrinogen (0.5%), intra-operative hemodynamic and
fluid balance parameters (1%) in the retrospective data set.
Unadjusted odds ratios were calculated for each scoring
system or factor’s reference category as shown in Table 5.
The POSSUM physiological score, the acute physiologic
score of APACHE II, and ASA grade showed a significant
association with postoperative morbidity particularly at the
highest quartile. For example, patients with an APACHE
score of 6-13 would be 2.9 times more likely to have a
major adverse post-operative event in comparison with
patients with an APACHE score of 0-1. The INR and intraoperative blood loss were the other discriminant risk factors
of operative morbidity and mortality. Additional factors
mentioned in Methods were tested but were found to be
insignificant predictors of adverse outcomes in HPB surgery
(results not shown). Adjusting for the type of other confounding
variables, pancreaticoduodenectomy (Whipple’s procedure)
had the highest risk of operative morbidity (OR 2.27, 95%CI:
1.07-9.97) in comparison with the right hepatectomy, which
was treated as the reference category.
The adjusted (multivariate ordered logistic regression)
odds ratios and 95% CI for the POSSUM, INR, blood loss
and type of operation are shown in Table 6.
Of the POSSUM physiologic score, the important
factors were the serum sodium, creatinine and pulse rate.
Observed vs predicted probabilities of complications of
all types or major complications are shown in Figure 1.
There was no significant difference between observed and

Table 3 Patient characteristics and associated mortality and
morbidity
Demographics

Number (% of total)

Minor/intermediate1

Female patients

54.6 (19, 80)

25 (14.1)

10 (5.6)

23 (13.0)

12 (6.7)

Hematological

20 (11.3)

6 (3.4)

Wound

15 (8.5)

3 (1.7)

Intra-abdominal sepsis

15 (8.5)

2 (1.1)

Cardiac

9 (5.1)

3 (1.7)

Renal

8 (4.5)

3 (1.7)

Venous

2 (1.1)

2 (1.1)

Others

19 (10.7)

2 (1.1)

Total

56 (31.6)1

24 (13.6)1

1

A given patient may have complications of varying grade in one or more systems.

predicted operative morbidity rates across INR values ranging
between 0.8 and 1.25. (Hosmer-Lemeshow 2 test = 7.762,
degrees of freedom = 8, P = 0.457.) Similarly Figure 2 shows
prediction curves for major and all complications based on
the pre-operative POSSUM physiological score. Figures 3
and 4 show the probabilities of all complications and major
complications respectively, based on the POSSUM physiological
score and increasing values of INR.

Predicted ALL

15 (2-113)

ITU

0 (0–20)

HDU

0 (0–10)

Mortality (in-hospital)

Predicted MAJOR

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.7

Observed ALL
Observed MAJOR

0.8

0.9

1.0
1.1
INR value

1.2

1.3

1.4

Figure 1 Observed vs predicted values of complications (all types or major
only) with respect to INR values.

1.0

All complications

0.8

Major complications

0.6
0.4
0.2
0.0

14

17

20
23
Possum PS

26

29

32

96 (54.2)

Length of stay (median, range)
Hospital

Severe1

Gastrointestinal

11
Age (median, range)

Number 16

Respiratory

Pr (complications)

Number of deaths
(% mortality)

Pr (complication)

Number of patients
(% of total)

Volume 11

7 (3.95)

Morbidity
No morbidity

97 (54.8)

Minor/intermediate

56 (31.6)

Major

24 (13.6)

Figure 2 Prediction of possible complications (all types and major only) on the basis
of POSSUM physiologic score in patients undergoing major elective HPB surgery.

DISCUSSION
Quality of care is multidimensional, it may be viewed from
the patient’s, the doctor’s or healthcare provider’s perspective
and be assessed in terms of structure, process and outcomes
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Pr (complication)

Pr (complication)

1.0
0.8
0.6

AC INR 0.9

0.4

AC INR 1.1

0.2

AC INR 1.3

0.0

11

1.0

Major INR 0.9

0.8

Major INR 1.1

0.6

Major INR 1.3

0.4
0.2
0.0

14

17

20
23
Possum PS

26

29

32

11

14

17

20
23
Possum PS

26

29

32

Figure 3 Prediction of all possible complications on the basis of POSSUM
physiologic score and increasing values of INR in patients undergoing major
elective HPB surgery.

Figure 4 Prediction of possible major complications on the basis of POSSUM
physiologic score and increasing values of INR in patients undergoing major
elective HPB surgery.

of a healthcare delivery system[14,15] . The purpose of the
present study was to identify and evaluate possible risk
factors and scoring systems for HPB surgery.
Operative morality and morbidity are objective measures
of healthcare, which can be easily measured[16]. Furthermore,
major complications, which may be life threatening (major
hemorrhage) or they may be requiring invasive treatment
(percutaneous drainage of biliary tree or collection, or reoperation for intra-abdominal catastrophe). These have to
be effectively managed in order to convert the near-misses
to successes thereby maintaining low post-operative mortality.
The management of major post-operative complications
after major HPB surgery is multi-disciplinary requiring
intensivists, interventional radiologists, endoscopists,
hepatologists, anesthetists and dedicated ward and theatre
staff not to mention high-cost technology. Thus, the major
complications and mortality both have to be measured and

risk adjusted in order to give a true picture of in-hospital
and intra-hospital comparisons. Operative mortality and
morbidity is expected to vary between hospitals. This
variation is a function of differences in patient case-mix,
random adverse events and differences in the process and
structure of care[15]. Statistical analysis is intended to adjust
for the case-mix as much as possible so that the remaining
variation is more likely to be due to differences in the quality
of care. The present study identifies the important factors
associated with the adverse events in patients undergoing
major HPB surgery.
Ordered logistic regression allowed us to order the types
of complications in three groups of increasing severity of
adverse outcome: no complications, minor/intermediate
complications and major complications along with death[12].
Thus, the ordinal outcomes as mentioned above could be
used to quantify the nature of complications and provide

Table 5 Analysis of the separate risk scoring systems by unifactorial ordered logistic regression using sampling quartiles for continuous
variables
Risk
score/factor
POSSUM
Physiological
Score1,2
APACHE II
Acute
Physiological
Score1,3
ASA

Child-Pugh

INR

Blood loss
-

Group
12-13
14-15
16-17
18-31
0-1
2-3
4-5
6-13
1
2
3-4
Missing
A
B
C
<0.9
0.9-1.1
>1.1
<1
1-2
>2

Number of
patients
(% of total)
62 (35.0)
53 (29.9)
31 (17.5)
31 (17.5)
30 (16.9)
66 (37.3)
49 (27.7)
32 (18.1)
47 (26.6)
77 (43.5)
31 (17.5)
2 (1.1)
145 (81.9)
32 (18.1)
0
45 (25.4)
119 (67.2)
13 (7.3)
90 (50.9)
38 (21.5)
49 (27.7)

Minor/intermediat
e complications (%)

Major complications/
death (%)

Unadjusted
odds ratio1

13 (21)
20 (37.7)
13 (41.9)
10 (32.3)
9 (30)
20 (30.3)
14 (28.6)
13 (40.6)
12 (25.5)
27 (35.1)
17 (33.3)

7 (11.3)
6 (11.3)
3 (9.7)
8 (25.8)
3 (10)
6 (9.1)
7 (14.3)
8 (25)
3 (6.4)
8 (10.4)
12 (23.5)

1
1.8
1.9
3.12
1
0.97
1.18
2.86
1
1.73
3.16

49 (33.8)
7 (21.9)

16 (11)
8 (25)

1
1.34

13 (28.9)
36 (30.3)
7 (53.9)
24 (26.7)
11 (29.0)
21 (43.0)

4 (8.9)
16 (13.5)
4 (30.7)
9 (10)
2 (5.3)
13 (26.0)

1
1.32
5.5
1
0.85
4.1

95%CI 1

0.24, 3.77
0.81, 4.41
1.32, 7.38
0.41, 2.28
0.48, 2.89
1.09, 7.5
0.15, 3.63
1.41, 7.07

0.64, 2.94

0.67, 2.63
1.78, 17.5
0.39, 1.85
1.49, 11.13

1
For illustration purposes all the scores (continuous variables) were grouped into meaningful quartiles. †Odds ratios and 95% confidence intervals (CI) calculated using
unifactorial ordered logistic regression analysis. 2Theoretical range of values for the physiological score of POSSUM is 12–96. 3Theoretical range of values for the acute
physiological score of APACHE II is 0-44.
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Table 6 Multivariate ordered logistic regression analysis of risk
factors for HPB surgery
Factor

Category

Physiological

Estimate
(b)

Adjusted
OR

CI 95%

10-1 units increase

1.18

1.07, 1.31

INR2
Blood loss

10-2 units increase
<2 L

1.47
1

1.12, 1.94

>2 L

4.1

1.49, 11.13

Procedure

Right hepatectomy

scorePOSSUM

Pancreaticoduodenectomy

1
3.27

1.07, 9.97

Sub-factors of
POSSUM3
Serum sodium1

10-1 units increase

0.89

0.82, 0.97

Serum creatinine
Pulse rate (bpm)

10-1 units increase
10-1 units increase

1.01
1.04

1.00, 1.02
1.01, 1.06

1
OR denotes that patients do worse with every unit decrease in sodium below the
lower limit of normal range (130 mmol/L). 2OR denotes that patients do worse
with every 0.1 unit increase in INR above 1.1. 3When the physiological score of the
POSSUM variables are analyzed separately with multifactorial ordered logistic
regression, the significant factors are sodium, creatinine and pulse rate which
affect mortality and morbidity.

accurate and justifiable risk adjustment to take account of
case-mix. Since the procedures in HPB surgery are mainly
elective, the risk stratification is skewed towards fitter patients
as compared to patients undergoing surgery for vascular or
colorectal causes, where up to 40% of the workload may
be emergency in nature; thus bringing in unfit patients. As
can be seen from the physiologic scores for POSSUM, which
ranged in this dataset from 12 to 31 as compared to a
theoretical range of 12-96. Moreover more than 80% of
patients had a pre-operative physiologic POSSUM score
of less than 17. Similar scenario can be seen with the
APACHE II acute physiologic score (80% below a score of 5)
and ASA grading (around 80% ASA I or II). Also all the
patients operated upon were either Child’s A or B. Thus,
we can observe a self-selection of fitter patients undergoing
HPB surgery.
INR, intra-operative blood loss and type of procedure
are other important risk factors, which may be important
in predicting the outcome. Deranged INR in an elective
situation represents established preoperative liver dysfunction.
Pancreaticoduodenectomy (PD) remains the single operation
in the spectrum of major HPB operations, which has to be
adjusted for whilst comparing outcomes from different units.
Gastrointestinal and respiratory complications are higher in
patients undergoing PD. This may artificially distort the
outcomes of units performing higher or lower numbers of
PD, making them appear worse or better respectively. Thus
in these two aspects HPB surgery differs from other types
of surgery. In addition, excessive intra-operative blood loss
may make a particular patient remain in a high dependency
unit for a longer duration than normal. However, this
operator-dependent variable should be left out of the
equation when comparing units, as it can be a surrogate marker
for quality of surgery and the surgeon as a risk factor[17].
In addition, we have shown that it is possible to have
demonstrable risk adjusted graphs (Figures 3 and 4), which
can calculate risk predictions pre-operatively. This can make
an informed consent a more objective procedure and justify
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the need for high dependency facilities in high risk patients
for prolonged use.
The expected outcome for a population of patients can
be calculated by summing the probabilities estimates of all
patients in the population. Having calculated the expected
outcome for a population of patients and adjusted for the
patient-related risk factors, the observed to the expected
outcomes can be compared. This can be done either as an
O/E ratio[18] or as a mortality difference, i.e., the observed
minus the expected outcomes (O-E difference)[19,20]. Such
methodologies can be used as the basis of cross-sectional
audits and for continuous or sequential monitoring of
surgical performance within hospitals. Numerous studies
have been done to develop audit tools for different
specialities of surgery[21-30].
There are a number of limitations in this study. First,
the sample size is small and it is a single hospital dataset.
However, here we are attempting to identify the risk factors
specific to HPB surgery. It needs to be validated across
national datasets in order to develop a specific equation
applicable to HPB surgery. Secondly, the number of pancreatic
resections carried out as a proportion to the total number
of operations is low and may affect the overall predictive
power. If PD is incorporated as an independent risk factor,
this shortcoming can be accounted for.
In conclusion the present study has demonstrated the
uses and limitations of risk adjustment using the various
scoring systems in HPB surgery. The availability of good
quality data and validated models is fundamental for a
continuous program of quality improvement. With adequate
sample size the new risk scoring system can be devised and
used for monitoring surgical outcomes between or within
hospitals in order to meet the demands of professional and
public scrutiny of outcomes in HPB surgery.
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Abstract
AIM: To analyze the risk factors for pancreatic leakage
after pancreaticoduodenectomy (PD) and to evaluate
whether duct-to-mucosa pancreaticojejunostomy could
reduce the risk of pancreatic leakage.
METHODS: Sixty-two patients who underwent PD at our
hospital between January 2000 and November 2003 were
reviewed retrospectively. The primary diseases of the
patients included pancreas cancer, ampullary cancer, bile
duct cancer, islet cell cancer, duodenal cancer, chronic
pancreatitis, pancreatic cystadenoma, and gastric cancer.
Standard PD was performed for 25 cases, PD with extended
lymphadenectomy for 27 cases, pylorus-preserving PD for
10 cases. A duct-to-mucosa pancreaticojejunostomy was
performed for patients with a hard pancreas and a dilated
pancreatic duct, and a traditional end-to-end invagination
pancreaticojejunostomy for patients with a soft pancreas
and a non-dilated duct. Patients were divided into two
groups according to the incidence of postoperative
pancreaticojejunal anastomotic leakage: 10 cases with
leakage and 52 cases without leakage. Seven preoperative
and six intraoperative risk factors with the potential to affect
the incidence of pancreatic leakage were analyzed with
SPSS10.0 software. Logistic regression was then used to
determine the effect of multiple factors on pancreatic leakage.
RESULTS: Of the 62 patients, 10 (16.13%) were identified
as having pancreatic leakage after operation. Other major
postoperative complications included delayed gastric
emptying (eight patients), abdominal bleeding (four
patients), abdominal abscess (three patients) and wound
infection (two patients). The overall surgical morbidity
was 43.5% (27/62). The hospital mortality in this series
was 4.84% (3/62), and the mortality associated with
pancreatic fistula was 10% (1/10). Sixteen cases
underwent duct-to-mucosa pancreaticojejunostomy
and 1 case (1/16, 6.25%) devel-oped postoperative
pancreatic leakage, 46 cases underwent invagination
pancreaticojejunostomy and 9 cases (9/46, 19.6%)
developed postoperative pancreatic leakage. General risk
factors including patient age, gender, history of jaundice,

preoperative nutrition, pathological diagnosis and the
length of postoperative stay were similar in the two groups.
There was no statistical difference in the incidence of
pancreatic leakage between the patients who received
the prophylactic use of octreotide after surgery and the
patients who did not undergo somatostatin therapy.
Moreover, multivariate logistic regression analysis showed
that none of the above factors seemed to be associated
with pancreatic fistula. Two intraoperative risk factors,
pancreatic duct size and texture of the remnant pancreas,
were found to be significantly associated with pancreatic
leakage. The incidence of pancreatic leakage was 4.88%
in patients with a pancreatic duct size greater than or equal
to 3 mm and was 38.1% in those with ducts smaller than
3 mm ( P = 0.002). The pancreatic leakage rate was
2.94% in patients with a hard pancreas and was 32.1% in
those with a soft pancreas (P = 0.004). Operative time,
blood loss and type of resection were similar in the two
patient groups. The incidence of pancreatic leakage was
6.25% (1/16) in patients with duct-to-mucosa anastomosis,
and was 19.6% (9/46) in those with traditional invagination
anastomosis. Although the difference of pancreatic leakage
between the two groups was obvious, no statistical
signific-ance was found. This may be due to the small
number of patients with duct-to-mucosa anastomosis.
By further analyzing with multivariate logistic regression,
both pancreatic duct size and texture of the remnant
pancreas were demonstrated to be independent risk factors
(P = 0.007 and 0.017, OR = 11.87 and 15.45). Although
anastomotic technique was not a significant factor,
pancreatic leakage rate was much less in cases that
underwent duct-to-mucosa pancreaticojejunostomy.
CONCLUSION: Pancreatic duct size and texture of the
remnant pancreas are risk factors influencing pancreatic
leakage after PD. Duct-to-mucosa pancreaticojejunostomy,
as a safe and useful anastomotic technique, can reduce
pancreatic leakage rate after PD.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Pancreaticoduodenectomy (PD) is one of the standard
treatments for various benign and malignant diseases of
the pancreatic head and periampullary region. Recently, the
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operative mortality rate after PD has significantly declined,
while the incidence of postoperative morbidity remains high,
from 40% to 50%[1-5]. Pancreatic fistula is the major source
of complications, and leakage rate varies from 0% to 25%,
according to recent reports[6-8]. Abdominal abscess and hemorrhage are common sequelae of pancreatic anastomotic
leakage, which have been associated with a mortality rate
of 40% or more. Subsequently, pancreatic fistula has
become one of the major complications discouraging surgeons
from performing PD[2,6,7,9]. Recent literature suggests that
many factors influence pancreatic leakage after PD, including
sex, age, jaundice, operation time, intraoperative blood loss,
pancreaticojejunal anastomotic technique, texture of the
remnant pancreas, pancreatic duct size, use of somatostatin,
and surgeon experience. However, no definite factor has yet
been identified. Some authors have compared the incidence of
pancreatic leakage with various techniques of anastomosis,
such as invagination pancreaticojejunal anasto-mosis, ductto-mucosa pancreaticojejunal anastomosis, pancreaticogastrostomy, pancreatic duct ligation, and their modifications.
No conclusions though can be drawn to demonstrate which
technique is best and suitable for any particular case. To
analyze perioperative risk factors for pancreatic leakage after
PD and to compare duct-to-mucosa with invagination
pancreaticojejunal anastomosis, we reviewed retrospectively
62 cases that underwent PD at our hospital.

MATERIALS AND METHODS
Between January 2000 and November 2003, 62 patients
underwent PD at our hospital, including 38 men and 24
women. Patients’ age ranged from 33 to 77 years, with a
mean age of 57.53 years. Before surgery, jaundice was found
in 30 cases and 3 cases had hypoproteinemia. The diagnoses
are shown in Table 1. All of the diseases were confirmed
by pathologic examinations.

techniques was based on pancreatic duct size and texture
of the remnant pancreas. A duct-to-mucosa pancreaticojejunostomy was performed for patients with a hard pancreas
and a dilated pancreatic duct (diameter ≥3 mm) (Figure 1).
Posterior suture was achieved with 3-0 silk sutures between
the posterior capsular parenchyma of the pancreatic remnant
and the seromuscular layer of the jejunum. At the site for
anastomosis to the main pancreatic duct, a small opening
was made on the antimesenteric side of the jejunal wall
according to the site and diameter of the pancreatic duct.
Then anastomosis between the pancreatic duct and jejunum
(all layers) was performed with 6-0 Prolene interrupted
sutures at intervals of approximately 1 mm, from the
posterior layer to the anterior layer, with all knots out of
the anastomosis. Next, suture of the anterior side of the
anastomosis between the pancreatic capsular parenchyma
and the jejunal seromuscular layer was made by the same
technique as used for the posterior side. No pancreatic duct
drainage was used in cases undergoing duct-to-mucosa
anastomotic technique (Figure 2). A traditional end-to-end
or end-to-side invagination pancreaticojejunostomy was
performed for patients with a soft pancreas and a nondilated duct. The pancreas remnant was invaginated into
the jejunum by about 2 cm, and two-layer sutures were
performed interruptedly, with an internal duct stent tube
inserted in the pancreatic duct.
Prophylactic use of somatostatin after PD was based
on the experience of the surgeon and satisfactory degree of
the anastomosis. Octreotide was used for 5-7 d postoperatively, 0.3 mg per d by subcutaneous injection.

Table 1 Diseases and surgical techniques
Diseases

Surgical techniques

No. of patients
(n = 62)

PD (n = 52)

PPPD (n = 10)

Pancreas cancer

29

26

3

Ampullary cancer

14

10

4

Bile duct cancer

13

12

1

Islet cell cancer
Duodenal cancer

2
1

1
1

1
0

Chronic pancreatitis

1

1

0

Pancreatic cystadenoma

1

0

1

Gastric cancer

1

1

0

PD: pancreaticoduodenectomy; PPPD: pylorus-preserving pancreaticoduodenectomy.

Surgical techniques
In the 62 cases, standard PD was performed for 25 patients, PD
with extended lymphadenectomy for 27 patients, and PPPD
for 10 patients. One patient with gastric cancer invading the
peripancreas region underwent radical gastrostomy and PD
with extended lymphadenectomy. In all cases, two drainage tubes
were placed posterior to the biliary and pancreatic anastomoses.
The selection of various pancreaticojejunal anastomotic

Figure 1 End-to-side duct-to-mucosa pancreaticojejunal anastomosis.

Study design and statistical analysis
Pancreaticojejunal anastomotic leakage was defined as: (1)
discharge from the postpancreatic drain ≥50 mL/d after
postoperative d 3, and (2) an amylase level of drainage
fluid exceeding three times of the serum concentration.
Patients were divided into two groups according to the
above criteria: 10 cases with postoperative pancreaticojejunal
anastomotic leakage (leakage group) and 52 cases without
leakage (nonleakage group). Seven general factors and six
intraoperative clinical factors with the potential to affect
the incidence of pancreaticojejunal anastomotic leakage were
analyzed. Statistical computations were done with the SPSS10.0
software. Data were expressed as mean±SE, and percentage
was used to express grouped data. The two groups were
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first compared by the univariate statistical tests, t-test, rank
sum test, 2 test or Fisher’s exact test, when applicable (Tables 2
and 3). Logistic regression was then used to determine the
effect of multiple factors on pancreatic leakage (Table 4).
P less than 0.05 was considered statistically significant.

RESULTS
Complications
Of the 62 patients, 10 (16.1%) were identified as having
pancreatic leakage after operation. Other major postoperative
complications included delayed gastric emptying (eight
patients), abdominal bleeding (four patients), abdominal
abscess (three patients) and wound infection (two patients).
Overall surgical morbidity was 43.5% (27/62). One patient died
of massive abdominal hemorrhage associated with pancreatic
fistula 10 d after operation, and two died of abdominal
bleeding within 3 d after operation. The hospital mortality
in this series was 4.84% (3/62), and the mortality associated
with pancreatic fistula was 10% (1/10). One patient required
reoperation because of abdominal bleeding, but no pancreaticojejunal anastomotic leakage was found in this patient.
Risk factors
General risk factors were compared for patients with or without
pancreatic leakage (Table 2). Patient age, gender, history of
jaundice, preoperative nutrition, pathological diagnosis and
the length of postoperative stay were similar in the two
groups. The incidence of pancreatic fistula was 20.7% (6/29)
in the 29 patients who received the prophylactic use of
octreotide treatment after surgery, compared to 12.1% (4/33)
in the 33 patients who did not undergo somatostatin therapy,
and no statistical difference was found in the two patient
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groups. Moreover, multivariate logistic regression analysis
showed that none of these factors seemed to be associated
with pancreatic fistula.
Two intraoperative risk factors were found to be significantly
associated with pancreatic leakage: pancreatic duct size and
texture of the remnant pancreas. The incidence of pancreatic
leakage was 4.88% in patients with a pancreatic duct size
greater than or equal to 3 mm, and was 38.1% in those
with ducts smaller than 3 mm (P = 0.002). The pancreatic
leakage rate was 2.94% in patients with a hard pancreas,
and was 32.1% in those with a soft pancreas (P = 0.004).
Operative time, blood loss and type of resection were similar
in the two patient groups. The incidence of pancreatic
leakage was 6.25% (1/16) in patients with duct-to-mucosa
anastomosis, and was 19.6% (9/46) in those with traditional
invagination anastomosis. Although the difference of
pancreatic leakage between the two groups was obvious, no
statistical significance was found. This may be due to the small
number of patients with duct-to-mucosa anastomosis.
The three factors affecting pancreatic leakage were
further analyzed by multivariate logistic regression. Both
pancreatic duct size and texture of the remnant pancreas
were demonstrated to be independent risk factors (Table 3).
Patients with a small pancreatic duct or a soft pancreas were at
high risk of pancreatic leakage.
Table 3 Intraoperative risk factors for pancreatic leakage [n (%)]
Parameters

Leakage group
(n = 12)

Nonleakage group
(n = 45)

Type of resection

0.629

PD

8 (15.1)1

45 (84.9)1

PPPD

2 (22.2)1

7 (87.8)1

Duct-to-mucosa

1 (6.25)1

15 (93.75)1

Invagination

9 (19.6)1

37 (80.4)1

≥3

2 (4.88)1

39 (95.12)1

<3

8 (38.1)1

13 (61.9)1

Hard

1 (2.94)1

33 (97.06)1

Soft

9 (32.1)1

19 (67.9)1

7.05±2.40

6.34±2.02

0.325

400 (0, 1 250)

350 (0, 1 200)

0.352

Anastomotic technique

Table 2 General risk factors for pancreatic leakage [n (%)]
Parameters
Age (yr)
Gender
Male
Female
History of jaundice
Yes
No
Preoperative
serum-albumin
Normal
Low
Pathology
Pancreas cancer
Ampullary cancer
Bile duct cancer
Islet cell tumor
Duodenal cancer
Chronic pancreatitis
Pancreatic
cystadenoma
Gastric cancer
Octreotide
Used
Non-used
Postoperative stay (d)
1

Leakage group
(n = 12)

Nonleakage group
(n = 45)

59.8±10.04

57.1±11.37

4 (10.5)1
6 (25)1

34 (89.5)1
18 (75)1

4 (13.3)1
6 (18.8)1

26 (86.7)1
26 (81.2)1

10 (16.9)1
0 (0)1

49 (83.1)1
3 (100)1

3 (10.3)1
3 (21.4)1
3 (23.1)1
1 (50)1
0 (0)1
0 (0)1

26 (89.7)1
11 (78.6)1
10 (76.9)1
1 (50)1
1 (100)1
1 (100)1

P

0.487
0.166

0.733

1 (100)
1 (100)

Pancreatic texture

0.004

Operative time (h)

1

Values in parentheses are percentages. 2Median (minimum, maximum).

Table 4 Multivariate logistic regression for pancreatic leakage
P

Odds ratio

CI

Anastomotic
technique
Duct-to-mucosa
Invagination

–

1

0.128

9.967

–
0.007

1
11.867

0.514-193.15

Pancreatic size (mm)

1

23 (79.3)1
29 (87.9)1
26.4±13.51

0.002

Parameters

0.493
6 (20.7)1
4 (12.1)1
32.7±12.37

Pancreatic size (mm)

blood loss (mL)2

0.3122

0 (0)
0 (0)

0.43

Intraoperative

>0.95

1

P

≥3
<3
Hard

0.177

Values in parentheses are percentages. 2Pancreatic cancer vs non-pancreatic cancer.

1.96-71.86

Pancreatic texture
Soft
CI: 95% confidence intervals.

–

1

0.017

15.445

1.629-146.46
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Figure 2 Duct-to-mucosa pancreaticojejunal anastomosis. A: Posterior suture
with 3-0 silk sutures between posterior capsular parenchyma of the pancreatic
remnant and the seromuscular layer of the jejunum. B: Posterior layer anastomosis
with 6-0 Prolene interrupted sutures between the pancreatic duct and jejunum (all

layers). C: Anterior layer anastomosis with 6-0 Prolene interrupted sutures between
the pancreatic duct and jejunum. D: Anterior suture with 3-0 silk sutures between
anterior interrupted sutures between the pancreatic duct and capsular parenchyma
of the pancreatic remnant and the seromuscular layer of the jejunum.

Treatment and outcome
All the 10 patients who developed pancreatic leakage were
diagnosed on the basis of the total amount and concentration
of amylase in postpancreatic drainage exudate. One patient
had abdominal massive hemorrhage, and two had abdominal
abscess, the rest were successfully managed by conservative
treatment. In five patients, a prolonged drainage duration
for 4 wk after surgery was required. Octreotide was administered to five patients, including two with ineffective drains
requiring another percutaneous drainage.

It has been widely accepted that a fibrotic pancreatic
remnant in patients with chronic pancreatitis facilitates the
pancreaticoenteric anastomosis, whereas a soft and friable
pancreatic parenchyma makes the anastomosis difficult to
perform. Yeo et al[10], found that there was a strong association
between the pancreatic texture and pancreatic leakage. None
of the 53 patients with hard pancreatic remnants developed
pancreatic leakage, whereas 25% (19/75) of patients with
soft pancreatic texture were complicated by pancreatic
leakage. Hosotani et al [11], reviewed 161 patients who had
undergone PD and reported a fistula rate of 11% (17/161),
finding that pancreaticojejunostomy anastomotic technique,
pancreatic texture and pancreatic duct size were substantial
risk factors for pancreatic leakage after PD. In a study by
Marcus et al[12], male sex was found to be a significant factor
predisposing pancreatic fistula[15] . A recent study by Yeh
et al [13] , identified jaundice, creatinine clearance abnormality,
and intraoperative blood loss as significant risk factors for
leakage. Matsusue et al[14], found that advanced age (>70 years)
was an adverse factor for pancreatic leakage.
Inhibition of exocrine pancreatic secretion may reduce
the anastomotic fistula rate after PD. In recent years, more
importance has been attached to prophylactic use of somatostatin after PD, but no consensus has been achieved. European
studies found that prophylactic octreotide in pancreatic
resection could reduce total morbidity rate or pancreatic
fistula rate, though none of them demonstrated a decrease
in the overall mortality rate[15-18]. In another report, a significantly lower pancreatic fistula rate was observed with the
use of octreotide among patients who underwent distal
pancreatectomy or local pancreatic resection, whereas no
statistical difference was noted between octreotide and

DISCUSSION
In recent years, PD has been used increasingly as a safe
method of resection in patients with malignant and benign
disorders of the pancreas and periampullary region. Although
postoperative mortality has decreased significantly, the
incidence of postoperative morbidity is still high. The overall
surgical morbidity after PD was 43.5% (27/62), and the
incidence of pancreatic leakage was 16.1% (10/62), similar
to recent literature reports[6].
Risk factors for pancreatic anastomotic leakage after PD
Risk factors for pancreatic leakage include general factors
(age, gender, jaundice, malnutrition), disease factors (pancreatic
pathology, pancreatic texture, pancreatic duct size, pancreatic
juice output) and procedure-related factors (operative time,
resection type, anastomotic technique, intraoperative blood
loss). In addition, surgeon experience has been shown to
correlate with pancreatic anastomotic leakage rate, and
prophylactic use of somatostatin has also been reported in
recent literature to influence pancreatic leakage.
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placebo groups in patients who underwent PD[15]. Yeo et al[10],
recently randomized 211 patients who underwent PD into
saline control and octreotide groups. The pancreatic fistula
rate in the octreotide group was 11%, and 9% in the control
group. The authors concluded that prophylactic use of
octreotide after PD could not reduce the pancreatic fistula
rate [10]. Poon et al [19], studied the meta-analysis of six
prospective randomized trials on the prophylactic use of
octreotide in pancreatic resection and published them as
full reports in the literature from January 1990 to December
2000. The meta-analysis did not show any beneficial effect
of octreotide on pancreatic anastomotic leakage rate.
In this study, we analyzed 13 general or intraoperative
factors. Two intraoperative factors were significantly associated
with the risk of pancreatic leakage: pancreatic duct size
and texture of the remnant pancreas. Multivariate analysis
also revealed that the two factors turned out to be independent
risk factors. Prophylactic use of octreotide after PD did
not result in a decline of the pancreatic fistula rate.
Anastomotic techniques and pancreatic leakage
Management of the pancreatic remnant after PD is regarded
as the key point to reduce pancreatic leakage. Various reconstruction techniques have been developed to diminish
pancreatic fistulae, such as duct-to-mucosa pancreaticojejunostomy, invagination pancreaticojejunostomy, pancreaticogastrostomy, use of a transanastomotic stenting tube, and
their modifications. Ligation or obliteration of the pancreatic
duct has not been popularized as they abolish the pancreatic
exocrine secretion, with still a high incidence of pancreatic
leakage[20-22].
Reviewing various techniques of pancreaticojejunal
anastomosis in the literatures published over the last decade,
Poon et al[19], found that duct-to-mucosa anastomosis was a
safer technique than invagination anastomosis. Marcus et al[12],
found that duct-to-mucosa anastomosis was associated with
a low pancreatic fistula rate in low-risk patients with a dilated
pancreatic duct or a fibrotic pancreas, whereas end-to-end
invagination technique was safer in high-risk patients with
small ducts or a soft friable pancreas. Suzuki et al[23], selected
various pancreaticojejunostomy techniques according to the
pancreatic texture and duct size, and obtained an overall
pancreatic leakage rate of 8% (4/50). All of the patients
who developed pancreatic fistulae were all with a small duct
and a soft pancreas. In that series, the incidence of pancreatic
leakage rate was 6.25% in patients who underwent a ductto-mucosa pancreaticojejunal anastomosis, compared to 19.6%
in invagination group. The difference, of course, resulted
from the variation of anastomotic techniques; while all of the
patients who received the duct-to-mucosa anastomosis, on
the other hand, were with a dilated pancreatic duct (≥3 mm)
or a soft pancreas. Therefore, both of the two factors might
be associated with the discrepancy of the pancreatic leakage
rate in the two groups.
There has been no conclusion as to whether a pancreatic
duct stent for internal or external drainage can reduce the
pancreatic leakage rate after PD. According to the authors
who recommended it, a stent might help drain the pancreatic
secretion juice from the anastomosis, and allow a more
precise placement of sutures, thus protecting the pancreatic
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duct from injury and reducing fistula rate [24-27]. Some
investigators found a few drawbacks to this method, such
as accidental removal of the stent, obstruction or bending
of the stenting tube, which might increase the incidence of
pancreatic leakage. However, the overall pancreatic leakage
rate in patients with a pancreatic stent was found to be
similar to that in patients without a stent[28]. Therefore, as
far as invagination anastomosis is concerned, it is safer to
use an internal drainage stent for patients with a small
pancreatic duct and a soft pancreas.
Appraisal of duct-to-mucosa pancreaticojejunal anastomosis
Duct-to-mucosa pancreaticojejunal anastomosis was first
used by Cattel in 1943. This technique allows direct contact
of the pancreatic duct with jejunal mucosa, preventing direct
contact of pancreatic juice with the cut end of the pancreas
and thus helping healing of the mucosa, protecting the
anastomosis by embedding the pancreatic remnant under
jejunal serosa. Therefore, duct-to-mucosa anastomosis is a
theoretically more rational technique to avoid pancreatic
fistulae. Since it is technically difficult to perform, duct-tomucosa pancreaticojejunal anastomosis was previously
recommended for patients with a dilated pancreatic duct,
whereas in recent years this technique has been preferred
regardless of the diameter of the pancreatic duct [11,29].
Hosotani et al[11], using multivariate analysis found that only
pancreaticojejunal anastomosis technique turned out to be
an independent risk factor and duct-to-mucosa anastomosis
pancreaticojejunostomy reduced the risk of pancreatic
leakage after PD (odds ratio = 4.15). In our hospital, invagination pancreaticojejunal anastomosis was performed for
patients with either a dilated or a non-dilated pancreatic
duct before 2000, with a consistent high pancreatic leakage
rate. From 2000, duct-to-mucosa pancreaticojejunal anastomosis has been performed for patients with a dilated
pancreatic duct, and the pancreaticojejunal anastomotic
leakage rate has declined significantly when compared with
previous invagination anastomosis, though no statistical
difference was found in the present study.
Based on accumulated evidence so far, no conclusion
could be drawn to appraise various anastomotic techniques,
since most pertinent articles were retrospective studies. In
prospective studies, most were not randomized controlled
trials. On the other hand, anastomotic leakage rate is greatly
related to the surgery technique and experience, which
cannot be easily compared among different institutions. The
need for a prospective randomized controlled trial by the
same surgeons to evaluate various anastomotic techniques
is highlighted. In conclusion, anastomotic techniques should
be selected based on the status of the remnant pancreas
intraoperatively: duct-to-mucosa anastomosis without a
pancreatic duct stent for patients with a dilated pancreatic
duct (≥3 mm), and invagination anastomosis with an internal
drainage stent for patients with a small pancreatic duct and
a soft pancreas.
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Abstract
AIM: To investigate the characteristics and short-term
efficacy of sulfasalazine (SASP) in patients with mildly
and moderately active ulcerative colitis (UC).
METHODS: Two hundred and twenty-eight patients with
mildly and moderately active UC were recruited, 106
patients in 1993-1995, and 122 patients in 2000-2002,
they were assigned as the 1990s group (n = 106) and
the 2000s group (n = 122), prospectively. The general
characteristics, clinical manifestations, colonoscopic and
histological data were compared between the two groups.
The short-term efficacy and safety of SASP 3 g per d were
evaluated.
RESULTS: Between 2000s and 1990s groups, the gender
ratio of men to women was 1:1.18 and 1:1.04, 57.4%
and 50.9% of the patients were between 30 and 49 years
old. The gender ratio and age of UC patients were not significantly different. The total course of 50.0% and 37.1% of
UC patients was less than 1 year (P<0.05), 10.6% and
31.2% of the cases had a duration of more than 5 years
(P<0.05) in 2000s and 1990s groups, respectively. The

most common clinical type was first episode in 2000s
group and chronic relapse in 1990s group. The patients
showed a higher frequency of abdominal pain and
tenderness in 1990s group than in 2000s group. Erosions
were found in 84.4% and 67.9% of patients in 2000s and
1990s groups (P<0.05). Rough and granular mucosa (67.9%
vs 43.4%, P<0.05) and polyps (47.2% vs 32.8%, P<0.05)
were identified in 1990s group more than in 2000s group.
There were no significant differences in clinical, colonoscopic
and histological classifications. After SASP (1 g thrice per
d) treatment for 6 wk, the clinical, colonoscopic and histological remission rates were 71.8%, 21.8% and 16.4%,
respectively. In 79 patients with clinical remission, 58.2%
and 67.1% remained grade 1 in colonoscopic and histological
findings, respectively. The overall effects in first episode
type (complete remission in 10, 18.9%, partial remission
in 28, 52.8%, and improvement in 9, 17.0%) were better
than in chronic relapse type (complete remission in 3,
7.5%; partial remission in 16, 40.0%; and improvement
in 15, 37.5%) and chronic persistent type (complete
remission in 1, 5.9%; partial remission in 6, 35.3%; and
improvement in 6, 35.3%) respectively (P<0.05). In 110
patients treated with SASP, 18 patients (16.4%) had
adverse reactions. Except for two cases of urticaria and
one case of WBC decrease, none of the patients had to
stop the treatment because of severe adverse reactions.
CONCLUSION: Patients with mildly and moderately active
UC in 2000s group had a shorter disease course, milder
clinical manifestations, more first episode type and higher
frequency of acute mucosal lesions in colonoscopy than
in 1990s group. The patients in 1990s group had higher
proportion of chronic relapse type and chronic mucosal
change in colonoscopy than in 2000s group. The shortterm efficacy of SASP could be mainly remission of clinical
manifestations. But more than half of the patients still
had light inflammation in colonoscopy and histology. The
overall effects of SASP in first episode type were better
than those in other types. SASP was a safe and effective
drug to treat mildly and moderately active UC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a common disease in countries of
Northern America and Europe. The incidence and modality
of UC might vary greatly across the world[1-7]. China is an
area with relatively low incidence of UC. With the changes of
lifestyle and environmental factors, patients with UC have
increased persistently and UC has become one of the most
common causes of chronic diarrhea. The aim of this study
was to compare the differences of the general characteristics,
clinical manifestations, colonoscopic and histological
involvements between patients in 1993-1995 and in 20002002, and investigate short-term efficacy and safety of
sulfasalazine (SASP) in patients with mildly and moderately
active UC.
MATERIALS AND METHODS
Patients
Two hundred and twenty-eight patients with mildly and
moderately active UC were collected according to the criteria
of diagnosis and treatment issued by National Symposium of
Chronic and Non-infectious Intestinal Diseases of Taiyuan
in 1993 [8]. All patients were diagnosed with colonoscopy.
There were 108 male patients and 120 female patients. The
mean age was 41.3±12.4 years (range 18-65 years).
Methods
The data of 228 patients were collected in The Second and
First Affiliated Hospital of Sun Yat-Sen University; The
First People’s Hospital of Guangzhou City; Peking Union
Medical College Hospital; First and Third Hospital of Peking
University and Beijing Friendship Hospital of Capital
University of Medical Science. One hundred and six patients
were from 1993-1995, and 122 patients from 2000-2002,
they were assigned as the 1990s group and the 2000s group,
respectively. The general characteristics, clinical manifestations,
laboratory results, colonoscopic and histological involvements
were compared between the two groups. The stool bacterial
culture and amebic examination were carried out for 3 d
continuously to exclude bacterial and amebic infection. The
patients had not received any medical treatment for UC
1 mo prior to enrollment.
The activity index (AI) of the diseases was quantified
by the scoring system of Seo[9,10]: AI = 60X1+13X2+0.5X30.4X4- 1.5X5+200. In this system, X1 = the extent of bloody
stools (X1 = 0, no bloody stool; X1 = 1, obvious bloody stool),
X2 = times of stool per day, X3 = ESK, X4 = hemoglobin, X5 =
serum albumin. AI values below 150, values between 150
and 220, and values above 220 corresponded to grades 1-3
of clinical classification. The colonoscopic classification was
graded according to the criteria by Baron[11]. In this system,
0 = normal mucosa, 1 = congestive edema and loss of
vascular pattern of mucosa, 2 = mucosal friability and
bleeding contacted, 3 = mucosal bleeding spontaneously,
4 = mucosal ulceration. The pathological diagnosis and
classification were scored according to the criteria by
Truelove and Richards[12]: 0 = no neutrophil infiltration in
the lamina propria of mucosa, 1 = neutrophil infiltration
(<10/HP), 2 = neutrophil infiltration (10-50/HP) with more
than 50% of crypt involved, 3 = neutrophil infiltration
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(>50/HP) with crypt abscesses, 4 = acute inflammation
and ulceration.
Therapeutic protocol
One hundred and ten patients were included in the therapeutic
protocol of SASP (1 g, thrice a day) for 6 wk. The clinical types
of 110 patients were first episode (n = 53), chronic relapse
(n = 40) and chronic persistent (n = 17). Fifty-three patients
were in 1990s group and 57 patients in 2000s group,
respectively. The clinical remission meant the absence of
clinical manifestations, less than twice of soft and shaped
stool per day normalization of hemoglobin, ESR and serum
albumin. The overall effects of UC patients treated with
SASP were evaluated according to complete remission,
partial remission, improvement and inefficiency. Complete
remission meant that clinical and colonoscopic classifications
became grade 0 and that histological classification was not
more than 1 score. Partial remission showed that clinical
classification was grade 0 and that colonoscopic and
histological classifications were improved more than 1 score.
Improvement meant that one of clinical or colonoscopic
or histological classification was improved more than 1 score.
Adverse reactions were recorded simultaneously.
Statistical analysis
All data were analyzed with SPSS 10.0/PC statistical
package. The frequency was compared by the 2 test. The
rank data were compared with Ridit test.

RESULTS
Patients’ characteristics
Among 228 patients with mildly and moderately active UC,
the gender ratio (M/F) was 1:1.18 and 1:1.04 in 2000s
and 1990s groups (P>0.05), respectively. The distribution
of age, course of the illness and clinical types of mildly and
moderately active UC are shown in Tables 1 and 2.

Table 1 Distribution of age and course of the illness
Age and course

Age (yr)

Total course of
the illness (yr)

Course of present
flare-up (yr)

a

2000s group
n (%)

1990s group
n (%)

<30
30405060-

21 (17.2)
31 (25.4)
39 (32.0)
14 (11.5)
17 (13.9)

19 (17.9)
33 (31.1)
21 (19.8)
21 (19.8)
12 (11.3)

<1.0
1.05.010.0-

61 (50.0)a
48 (39.3)
6 (4.9)a
7 (5.7)a

33 (31.7)
40 (37.7)
18 (17.0)
15 (17.0)

<0.5
0.51.0-

85 (69.7)
20 (16.4)
17 (13.9)

71 (67.0)
17 (16.0)
18 (17.0)

P<0.05 vs 1990s group.

Clinical manifestations
The major clinical manifestations were abdominal discomfort
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(59.8% vs 69.8, P>0.05), abdominal pain (57.4% vs 71.2%,
P<0.05), tenesmus (40.0% vs 50.0%, P>0.05), abdominal
tenderness (32.8% vs 46.2%, P<0.05), abdominal distention
(28.7% vs 31.1%, P>0.05) between patients in 2000s and
1990s group. The changes of stool frequency and property
are shown in Table 3.
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Comparison of clinical, colonoscopic and histological
classifications before and after treatment with SASP
The short-term efficacy of SASP in 110 patients with mildly
and moderately active UC is shown in Table 5. In 79 patients
of clinical remission, only 21 (26.6%) and 14 (17.7%) of
cases were grade 0, most of the patients (58.2% and 67.1%)
remained grade 1 by colonoscopic and histological examination.

Table 2 Clinical types of the illness
Type of the illness

2000s group
n (%)

1990s group
n (%)

First episode

62 (50.8)a

37 (34.9)

Chronic relapse

38 (31.0 )a

60 (56.6)

Chronic persistent

22 (18.1)

9 (8.5)

a

Clinical n (%)
Before
Grade 0
Grade 1
Grade≥2
P

Table 3 Frequency and property of stool
2000s group
n (%)

1990s group
n (%)

Frequency of stool

<21

53 (43.4)

40 (37.7)

(times per week)

21-

57 (46.2)

48 (45.5)

42-

12 (9.8)

18 (17)

36 (29.5)

27 (25.5)

43 (35.2)

30 (28.3)

43 (35.2)

49 (46.2)

Property of stool

Nonmucous
and bloody stool
Slight mucous

Colonoscopic n (%)

Histological n (%)

Classification

P<0.05 vs 1990s group.

Frequency of stool and property

Table 5 Comparison of clinical, colonoscopic and histological
clas sifications bef ore and after treatment with SASP in 110
patients

After

Before

After

Before

After

0
79 (71.8)
0
24 (21.8)
0
18 (16.4)
56 (50.9) 27 (24.6)
7 (6.4) 56 (50.9) 21 (19.1) 67 (60.9)
54 (49.1)
4 (3.6) 103 (93.6) 30 (27.3) 89 (80.9) 25 (22.7)
<0.01
<0.01
<0.01

Comparison of efficacy between UC patients with different
types of the illness treated with SASP
The comparison of efficacy between the patients with
different types of the illness treated with SASP is shown in
Table 6. There were significant differences among first
episode, chronic relapse and chronic persistent types (P<0.01).

and bloody stool
Slight mucous
and bloody stool

Table 6 Comparison of efficacy in the patients with different
types of the illness treated with SASP
The overall effects

Colonoscopic findings
The types of lesions of the patients included proctitis (29.5%
vs 21.7%, P>0.05), left-sided colitis (48.4%% vs 61.3%,
P>0.05), extensive colitis (18.9% vs 17.0%, P>0.05) and
local colitis (3.3% vs 0%, P>0.05) in 2000s group and 1990s
group, respectively. The colonoscopic findings were
congestive edema (98.4% vs 98.1%, P>0.05), erosion (84.4%
vs 67.9%,P<0.05), mucosal friability and bleeding contacted
(90.2% vs 88.7%, P>0.05), rough and granular mucosa
(43.4% vs 67.9%,P<0.05), ulceration (59.8% vs 48.1%, P>0.05),
purulent secretion (20.5% vs 27.4%, P>0.05), spontaneous
bleeding (72.1% vs 83%, P>0.05) and polyps (32.8% vs 47.2%,
P<0.05) in 2000s group and 1990s group, respectively.
Clinical, colonoscopic and histological classifications
Clinical, colonoscopic and histological classifications at
diagnosis are shown in Table 4. There were no significant
differences in classifications between 2000s and 1990s groups.

Table 4 Clinical, colonoscopic and histological classifications
Classifications

Clinical n (%)
2000s
group

1990s
group

Colonoscopic n (%)
1990s
group

2000s
group

Histological n (%)
2000s
group

1990s
group

Grade 1

64 (52.5) 41 (38.7)

25 (20.5)

10 (9.4)

Rade 2

53 (43.4) 57 (53.8)

46 (37.7)

36 (34.0) 46 (37.7) 33 (31.1)

Grade 3
Grade 4

5 (4.1)

8 (7.5)

25 (20.5) 14 (13.3)

37 (30.3)

11 (10.4) 39 (32.)

40 (37.7)

14 (11.5)

49 (46.2) 12 (9.8)

19 (17)

Complete remission
Partial remission
Improvement
Inefficiency
P

First episode
n (%)
10 (18.9)
28 (52.8)
9 (17.0)
6 (11.3)

Chronic relapse
n (%)
3 (7.5)
16 (40.0)
15 (37.5)
6 (15.0)

Chronic persistent
n (%)
1 (5.9)
6 (35.3)
6 (35.3)
4 (23.5)

<0.05

Adverse reactions of SASP
In 110 patients treated with SASP, 18 of them (16.4%)
had one or more than one kind of adverse reactions: two
patients had urticaria, three fever, five dizziness, four nausea,
six anorexia, one fatigue, one WBC decrease, four AST
increase and three ALT increase. Except for the cases with
urticaria and WBC decrease, none of the patients had to
stop the treatment because of severe adverse reactions.

DISCUSSION
UC is a chronic inflammatory bowel disease (IBD) of
unknown etiology. In European countries, the overall
incidence was 10.4 per 100 000 between ages 15 and 64
years old[13]. UC was found mainly in male patients at ages
of 25-34 years. The number of UC patients doubled every
10 years in countries of high prevalence. The incidence of
UC may vary greatly across world[1,2,13,14]. The epidemiological
investigation based on population was not reported in China.
But the cases of UC reported were greatly increased over
the last 10 years[15]. UC has become one common cause of
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chronic diarrhea in China.
Although an accurate diagnosis of IBD and differentiation
between UC and Crohn’s disease are sometimes difficult
even after thorough pathological study, severe UC is
diagnosed easily[16] . Mildly and moderately active UC are
difficult to identify because of non-specific clinical and
colonoscopic findings. Varied geographical, climate, social,
environmental, psychological and genetic factors may
affect the incidence of UC[17-21]. China, a geographical area
with the characteristics of the sub-tropics, has a lower
prevalence of UC. There are few data on mildly and
moderately active UC.
In this study, the gender ratio (M/F) was smaller in
2000s group than in 1990s group, but there was no
significant difference. The peak age range was 30-49 years
old, accounting for with 57.4% and 50.9% of the patients
in 2000s group and 1990s group, respectively. It suggested
that the susceptible populations could be middle-aged women.
The total course of 50.0% and 37.1% of the patients was
less than 1 year in 2000s group and 1990s group, but the
total course of 10.6% and 37.1% of the patients was more
than 5 years in 2000s group and 1990s group. There were
more patients with abdominal pain and tenderness in 1990s
group than in 2000s group. It suggested that the total course
of UC might be shorter and that the extent of disease was
lighter in 2000s group than in 1990s group. The clinical
type of UC was mainly first episode in 2000s group and
chronic relapse in 1990s group. It showed that UC patients
were diagnosed earlier in recent years.
The patients with less than 21 times of stool per week
accounted for 43.4% and 37.7%, but more patients (70.4%
and 73.6%) were found to have bloody stool in 2000s group
and 1990s group. The low frequent and mucous and bloody
stool was characteristic of diarrhea of the patients with
mildly and moderately active UC in this study. In clinical,
colonoscopic and histological classifications, no significant
differences were found in patients between 2000s and
1990s group.
Colonoscopic distribution of lesions in 2000s and 1990s
group showed that 77.9% and 83.0% were found in leftside
colon, and extensive colitis was found in 18.9% and 17.0%
of the patients. Although mucosal edema and loss of vascular
pattern were the most common colonoscopic findings, they
had limited diagnostic values[22,23]. The frequency of mucosal
erosions in 2000s group was higher than in 1990s group.
However, more mucosal granularity and polyps were found
in 1990s group than in 2000s group. The mucosal granularity
and polyps were helpful to diagnose chronic relapse of UC.
It showed that the patients had a higher proportion of
chronic change in 1990s group than in 2000s group, and
that the patients had a higher frequency of acute lesions in
2000s group than in 1990s group.
SASP is one of classic and commonly used medicine in
treatment of mildly and moderately active UC[24,25]. In this
study, short-term efficacy of SASP on mildly and moderately
active UC showed obvious improvement of clinical manifestations, and relatively low remission of colonoscopic appearances
and histological involvements. Light inflammatory changes
were found in most of the patients, which corresponded to
researches before. Therefore, the therapy of mildly and
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moderately active UC with SASP as with 5-aminosalicylic
acid needs a long course[26-29].
Study showed that the overall effects of SASP on mildly
and moderately active UC depended upon different clinical
types of the illness. The overall effects of SASP in first episode
type were better than those in chronic relapse type and in
chronic persistent type. Because of its short-term efficacy, safety
and inexpensiveness, SASP still is one of the common drugs
for treatment of mildly and moderately active UC in China.
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Abstract
AIM: To evaluate the significance of extended radical
operation and its indications.
METHODS: Between January 1995 and December 1998, 56
inpatients with pancreatic head cancer received operation.
Among them 35 patients (group 1) experienced the Whipple
operation, and 21 patients (group 2) received the extended
radical operation. The 1-, 2-, 3-year cumulative survival
rates were used to evaluate the efficacy of the two operative
procedures. Clinical stage (CS) was assessed retrospectively
with the help of CT. The indications for extended radical
operation were discussed.
RESULTS: There was no difference in hospital mortality
and morbidity rates. Whereas the 1-, 2-, 3-year cumulative
survival rates were 84.8%, 62.8%, 39.9% in the extended
radical operation group, and were 70.8%, 47.6%, 17.2%
in the Whipple operation group, there was a significant
difference between the two groups (P<0.001, P<0.001,
P<0.001, respectively). Most of the deaths within 3 years
after operation were due to recurrence in the two groups.
However, the 1-, 2-, 3-year cumulative rates of death
due to local recurrence were decreased from 37.4% in
patients that received the Whipple procedure to 23.8% in
those who received by extended radical operation. Patients
who survived for more than 3 years were only noted in
those with CS1 in the Whipple procedure group and were
founded in cases with CS1, CS2 and part of CS3 in the
extended radical operation group.
CONCLUSION: The extended radical operation appears
to benefit patients with pancreatic head carcinoma which
was indicated in CS1, CS2 and part of CS3 without severe
invasion.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Although surgical resection is the only approach that can
offer a possibility of cure for pancreatic cancer, however, the
prognosis after curative resection continues to be the worst
of the gastrointestinal neoplasms, there have been many
controversies about whether extended radical resection is
worthwhile or not compared with the Whipple procedure[1-3].
In the present study, an attempt was made to evaluate the
effectiveness of extended radical operation in the treatment
of pancreatic head cancer in comparison with the Whipple
procedure and to discuss its indications.
MATERIALS AND METHODS
Patients
A total of 56 patients with pancreatic head carcinoma were
admitted to our Department from January 1995 to December
1998. Among them 39 were males and 17 females with an
average age of 57.8 years (range 46-71years). The patients
did not receive any anticancer therapy before and after
operation.
Methods
We performed the Whipple operation (Group I) and
extended radical operation (Group II), respectively. In Group I,
men/women were 2.2:1 with a median age of 57.3±4.6 years;
in Group II men/women were 2.5:1 with a median age of
58.9±5 years. Lymphatic clearance in Group I was limited
to that located directly adjacent to the pancreatic head. In
the pancreas, the pancreatic resection line was on the left
border of the superior mesenteric vein. In the subjects of
Group II, the lymph node clearance was performed by
dissection of N1 and N2 groups along with a proper
clearance of N3 group and neighboring connective tissue
clearance (Figures 1A and B). Among these nerve-plexuses
resection around the retroperitoneum was conducted in 13
cases, resection and reconstruction of the portal-vein system
were performed in 6 cases, and resection of the common
hepatic artery or superior mesenteric artery was carried out
in four patients. The resection line for pancreatic tissues
was 1-2 cm from the left border of the aorta.
The clinical stage (CS) for all enrolled patients was assessed
retrospectively by two independent and experienced examiners
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according to the maximal tumor size (T), retropancreatic
invasion (Rp), portal-vein invasion (PV), and arterial
(hepatic, celiac, or superior mesenteric artery) invasion
from preoperative diagnostic images such as computed
tomography (CT) scan and abdominal selective angiogram.
Based on assessments of these four factors on a fourgrade scale, the disease was classified in one of the four
CS, using the following criteria: T1 0-2 cm, T2 2.1-4 cm,
T3 4.1-6 cm,T4 >6 cm; Rp0 normal retropancreatic tissue
on CT scan, Rp1 slight speculation in retropancreatic tissue,
Rp2 limited invasion, Rp3 severe invasion; PV0 normal
appearance of portal-vein, PV1 mild irregularity or rigidity
of portal-vein, PV2 moderate irregularity of portal-vein,
PV3 severe irregularity or stenosis of the portal-vein; A0
nor mal appearance of the major arteries, A1 mild
displacement or rigidity of the major arteries, A2 moderate
displacement or irregularity of the major arteries, A3
stenosis of a major artery.
CS1 T1, Rpo, PVo,A0-1.CS2 T1-2, Rp1, PV1, A0-1.CS3 T2-3
Rp2, PV2, A1-2.CS4 T3-4, Rp2-3, PV2-3, A2-3
The maximal size was verified postoperatively and accessed
with the same staging method as that used in CT image
staging. Retroperitoneal invasion was divided into ‘interstitial
invasion’ and lymph node involvement, interstitial invasion
includes lymphatic vessel, neural, and soft tissue invasion.
Presence or absence of vascular invasion was recorded as
‘positive’ or ‘negative’. All findings of CT images were
compared with pathological results. The resected specimens
were in turn fixed in 40 g/L formaldehyde solution, sliced
into 5 µm sections, stained with hematoxylin and eosin, and
examined with light microscope.
All patients were followed up postoperation and surveyed
every 6 mo by systemic medical check-up including
determinations of plasma carcinoembryonic antigen and
CA19-9, ultrasonography and CT to make sure whether
and where cancer recurrence developed. The tumor relapse
was grossly classified as local, distant, or both according to
the site of recurrence. Local recurrence was defined as a
recurrent tumor mass within the tumor bed, while the
distant recurrence was classified as hepatic metastasis and
peritoneal dissemination.
The cumulative survival rate was calculated by a life
table method. Statistical analysis was performed by using t
and 2 test. P value less than 0.05 was considered statistically
significant.

A

Figure 1 A and B exhibit the ranges of lymph node clearance and neighboring
connective tissue dissection. N2 nodes were cleared with neighboring connective
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RESULTS
Operative deaths were defined as those occurred within 30 d
after operation. Hospital morbidity and mortality were 12.5%
and 0% in group I and 14% and 0% in group II, respectively.
There were no differences between the two groups. These
data indicated that extended radical operation could be
performed as safely as the Whipple procedure.
Clinical stages
4, 28, 3, 0 cases in group I and 2, 6, 9, 4 cases in group II
respectively belong to CS1, CS2. CS3, and CS4. The
distribution of cases based on the following factors such as
maximum tumor size, retropancreatic invasion, and
enterohepatic vascular invasion see Table 1.
There was no significant difference in the distribution
of in CS1(T1; Rp0; PV0, A0-1) and CS2(T1-2 Rp1 PV1
A0-1) between the two groups. However, more CS3(T2-3,
Rp2 PV2 A2) and CS4(T3-4 Rp2-3 PV2-3 A2) patients had
extended radical operation performed on them.
Histopathological correlation
Tumor diameter ranged between 1.5 and 6.5 cm (mean
3.6 cm), in addition to pancreatic cancer coexisting with
chronic pancreatitis (n = 3), pathological result were consensus
with CT imaging. Histological assessment of Rp: negative
pathological test for Rp0, Rp1 present with inflammatory
adherence (n = 4) and microscopic metastasis in the form
of tiny lymph nodes, lymphatics, and nerves invasion which
were embedded in soft tissue (n = 22). Rp2 and Rp3 exhibited
positive pathological outcomes. Rates of histologically proved
metastasis to individual lymph nodes observed in our series
were as follows: N1: N06: 23.8% (n = 5), N08: 14.4% (n = 3),
N012inferior: 33.3% (n = 7), N013: 33.3% (n = 7), N014: 28.6%
(n = 6), N017: 33.3% (n = 7), N2: N09: 14.4% (n = 3), N011:
19.1% (n = 4), N012superior23.8% (n = 5), N016:23.8% (n = 5);
N3: N03: 0%, N04: 0%, N05: 14.4% (n = 3), N07: 13.3% (n = 2).
All metastatic lymph nodes present with the shape of big,
Table 1 Case distribution in different CS of pancreatic cancer between two groups
Operative
T
procedures
(patients)
T1 T2 T3 T4
Whipple
Extended

5 28 2 0
4 9 5 3

Rp

PV

A

Rp0 Rp1 Rp2 Rp3 PV0 PV1 PV2 PV3 A0 A1 A2 A3
9
6

19
7

7
6

0
2

11 15
9
8

9
3

0
1

21 14 0 0
12 5 4 0

B

tissue. The major vessels including aorta, inferior vein, resection as well as
resection and reconstruction of the portal vein were performed.
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A

B

C

D
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Figure 2 ‘Interstitial invasions’ (A,B: connective tissue and lymphatic vessel

invasion; C: nerve invasion); D: PV2 portal venous wall invasion.

middle, small as well as tiny nodus and themselves confluent
types, metastatic frequency of lymph nodes was in turn tiny
nodus (100%), small nodus (83%), middle nodus (79%), big
nodus (66%). From the eight patients with PV2-3A2-3 that
underwent vascular resection, correlation of CT findings
with histopathological results was performed in 10 vessels
(4SMVs, 2PVs, 3CHAs, 1SMAs). Histopathological invasion
was found in 6 of 6 (100%) and 1 of 4 (25%) arteries.
Figure 2 exhibited the histopathological results of CT findings
present with T3Rp2PV2A2
Comparisons of survival rate of two surgical treatments
were made, the follow-up period was more than 3 years for
all patients. In group I, six cases were lost and seven cases
died of other diseases within 3 years. The remaining 22
cases died of cancer recurrence, 18 died within 3 years (13
patients died of local recurrence, five patients died of distant
metastasis). In group II, two patients were lost and three

patients died of other diseases within 3 years, the remaining
16 patients died of recurrence, nine patients died within
3 years (five patients died of local recurrence, another four
patients died of distant metastasis). Comparison of the
cumulative rate of survival between the two groups showed
that the 1-, 2-, and 3-year cumulative survival rates were
70.8%, 47.6%, 17.2% in group I and 84.8%, 62.8%, 39.9%
in group II, respectively. There was a significant difference
between the two groups.
The ratio of the number of 3-year survivors to the number
of patients in each clinical subgroup is shown in Table 2.
The clinical tumor classification was compared between
the two groups. A higher proportion of group I such as CS2
and CS3 died of local recurrence, but a significant difference
is observed in CS3 (T2-3 Rp2 PV0-2 A0-1) in group II.
The ratio of the number of local recurrence to the number
of patients in each clinical subgroup is shown in Table 3.
The clinical tumor classification of patients who died of
distant metastasis was compared between the two procedures.
The ratio of the number of distant metastasis to the number
of patients in each clinical subgroup is shown in Table 4.
Comparison of the cumulative rate of deaths due to
total cancer recurrence between the two groups showed
that 22 patients in group I and 9 patients in group II died
of recurrence within 3 years after operation, the 3-year
cumulative death rate was 51.4% in group I and 42.9% in

Table 2 Clinical settings in the patients surviving longer than
3 years
Operative
procedures
(n)

T

Rp

PV

A

T1 T2 T3 T4 Rp0 Rp1 Rp2 Rp3 PV0 PV1 PV2 PV3 A0 A1 A2 A3

Whipple

3

1 0 0

4

0

0

0

4

0

0

0

4 0

0

0

Extended

4

2 1 0

3

2

2

0

4

2

1

0

5 2

0

0

Table 3 Clinical settings in patients who died of local recurrence

Table 4 Clinical setting in the patients died of distant metastasis

Operative
T
procedures
(n)
T1 T2 T3 T4

Operative
procedure
(n)

T1 T2 T3 T4 Rp0 Rp1 Rp2 Rp3 PV0 PV1 PV2 pV3 A0 A1 A2 A3

Rp

PV

A

Rp0 Rp1 Rp2 Rp3 PV0 PV1 PV2 PV3 A0 A1 A2 A3

T

Rp

PV

A

Whipple

4

8 1



2

6

5



2

7

4



5

8





Whipple

0 3 2 

0

2

3



0

1

4



0 5





Extended

0

1 1

3

0

0

2

3

0

0

3

2

0

1

4

0

Extended

0 0 2 2

0

0

3

1

0

0

3

1

0 0

4

0
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group II. There was a significant difference between the
two groups (P<0.05). Thirteen patients in group I and five
patients in group II died of local recurrence, the 3 years
cumulative death rate was 37.1% in group I and 23.8% in
group II (P<0.05). Five patients in group I and four in
group II died of distant metastasis, the 3 years cumulative
death rate was 14.3% in group I and 19.0% in group II.
These data showed that the extended radical operation could
decrease deaths due to local recurrence, but could not reduce
the death rate due to distant metastasis.
Finally, the cumulative survival rates were examined for
their relations to CS as estimated retrospectively from
preoperative assessments of images of the lesion by CT
scan and abdominal selective angiography. As a result the
cumulative survival rates (1-, 2- and 3-year) related to CS,
were shown to be 100%, 71% and 57% for CS1; 71%,
47% and 26% for CS2; 46%, 12% and 7% for CS3; and
7%, 0% and 0% for CS4 patients. Thus 3-year survivors
were noted to exist among CS1, CS2 and part of CS3 patients.

DISCUSSION
In this study, there were no differences in morbidity and
mortality between patients performed by extended vs standard
resection, but survival difference can be detected in patients
with pancreatic cancer that underwent extended radical
operation in comparison with those that underwent Whipple
procedure. Although this was not a randomized trial and
insignificant comparison of survival rate may be unreliable.
Other prospective, randomized trials also have suggested
that extended radical resection rather than the Whipple
operation could provide survival advantages over patients
with advanced pancreatic head cancer[4,5]. The reasons why
extended lymphadenectomy should be performed are as
follows. Lymph node studies conducted by us in the present
study confirmed that patients who underwent the Whipple
procedure have metastatic lymph nodes beyond the confines
of the Whipple dissection. Pancreatic cancer cells had
aggressively perineural invasion behaviors, even if there
were no cancer cells at the margin of the pancreas at the
time of surgery, the cancer cells may spread further to the
noncancerous pancreas or retroperitoneum, where
apparently provide a nidus for cancer recurrence after
surgery[6,7]. A relationship between ‘interstitial invasion’ and
lymph node metastases seems to exist. Nagai pointed out
that the ‘interstitial invasion’ was almost invariably found in
the regions where lymph node metastases were observed[8],
Ishikawa further demonstrated that when metastatic lymph
node was limited to the N1 region, due to ‘interstitial invasion’,
microinvasion had already occurred in the N2 region[9]. Mao
et al [10], stressed that spleenful lymphatic vessels in the
retroperitoneal space might be a communicating channel,
tumor cells not only spread from the N1 group to N2 group,
but also bypass the N1 nodes to pass from the primary tumor
to the N2 nodes via alternative routes, even if a metastasis
was not found in the N1 nodes, N2 nodes were not
necessarily free of tumor. Thus, the lymphatic vessels that
are distributed throughout the capsule of the pancreas and
the border between the pancreas and the retroperitonium
act as routeways for tumor invasion into the peritoneal cavity.
Many researchers deem that an extensive dissection of the
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retroperitoneum and extrapancreatic nerve pleux could lower
local recurrence rate of pancreatic bed often involved by
tumor extension[11-15]. Excision of regional blood vessels was
usually precluded by the Whipple procedure, in the present
study one patient with PV2(+) in group II could survive more
than 3 years. Extended radical resection permitted elimination
of potentially negative margins and sometimes long-term
survival could be expected[16-18].
Extended radical resection required defined CS. In the
present study, relation between evaluation of maximum of
tumor, retroperitoneal invasion (Rp), arterial and venous
invasion by CT imaging and histological correlation were
performed. Tumor margin, in addition to a small number
of pancreatic cancer coexisting with chronic pancreatitis,
evaluation of the CT imaging were basically in accordance
with pathological outcome. Retroperitoneal invasion in this
study was divided into lymph node involvement and
‘interstitial invasion’. Types of metastatic lymph node included
large nodus, middle nodus, small and tiny nodus and their
integrated types. Tiny nodus were often embedded in fatty
tissue and difficulty detected by CT imaging, however, the
presence of such occult microscopic metastatic lymph node
involvement was found in about 50% of patients with
pancreatic cancer[19,20]. Presence of microscopic metastasis in
occult lymph nodes, peripancreatic lymphatics, and nerves has
been demonstrated in at least 50% of pancreatic cancers[21,22].
Such a phenomenon is indiscernible by CT imaging, only was
divided into Rp1 in our present study. Evaluation of
involved vessel system and pathological outcome were
performed, we found differences between arterial and venous
systems, cancer cells were proved to be aggressive against PV2
and PV3, however, as for A2 in CT imaging, only one patient
with A2 (+) confirmed the presence of cancer cells in the
arterial wall. Nakayama et al[23] , point out that the cause of
artery stenosis or wall irregularity was due to fibrotic tissue
prolifer-ation associated with tumor circumference,
atherosclerotic changes of the artery wall, neointimal
proliferation, or nontu-morous thrombus secondary to
perivascular fibrotic changes in response to tumor growth.
Extended radical resection may be beneficial to selected
patients. In this study, the extended radical operation resulted
in a 3-year survival primarily for the patients with CS1,
CS2 and part of CS3 (T2Rp2PV2A1). The incidence in 3year survivors among patients with CS3 in the extended
radical operation was found. None occurred in patients
that underwent the Whipple procedure in the same clinical
setting. The clinical evidence thus clearly indicated the
therapeutic benefits of extended radical operation. The
3-year survival rate of patients has been improved by extended
radical operation that decreased local recurrence. The rate
of recurrence for patients with CS1 and CS2 lesions
generally was lower than that for those with CS3 and CS4,
i.e., extended radical operation was able to control local
recurrence in patients with CS1, CS2 and CS3 (T2 Rp2PV2
A1) disease. However, radical resection was not an effective
treatment for CS3 (T3Rp2PV2 A2) and CS4 (T3Rp3 PV3
A2-3) diseases. In the present study, CS3 was divided into
CS3a(T2 Rp2PV2 A1) and CS3b(T3Rp2PV2 A1-2), because
there exists abundant lymphatic vessels inside the pancreas
which communicate with each other, as the tumor size
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enlarges, the chance of cancer cells invading lymphatic
vessels and the rate of recurrence after resection increase.
In Gebhardt’ series, when carcinoma measuring up to 2.14 cm, invasion of the lymphatic vessel in 81% of the
patients, however carcinomas measuring 4.1-6 cm, invasion
of the lymphatic vessel in 100% of the patients[24]. Ishikawa
demonstrated that when tumors were larger than T2, even
extended radical could control local recurrence, and distant
metastasis could be avoided[9]. In addition to local recurrence,
distant metastasis occurred commonly in CS3-4 (T3-4 Rp23 PV2-3 A2-3) in which we can see that patients with large
tumors (T3-4), deeply retropancreatic invasion (Rp3), and
enterohepatic vascular invasions (PV3, A2-3) were at a
higher risk for death due to distant metastasis. Patients with
Rp3, cancer cells either as single cells or cell clumps were
randomly allocated to the large area of loose connective
tissue of the peritonium [25] , in such a condition extended
radical resection has been proven to be unable to obtain
negative margin, even the negative margin with a few
millimeters away from the tumor was obtained, avoidance
of future metastasis could not be assured[26]. It is suggested
that patients with higher CSs such as CS3-4 (T3-4 Rp3
PV3A2-3) might have cancer extension beyond the limit of
surgical management, even wide lymph node dissection,
resection of surrounding connective tissue, and en bloc
resection of major vessels could not obtain R0 surgery
(without cancer cells). The negative survival impact of R1
(residual tumor) surgery has been observed in many studies
and was associated with high rates of local and regional
recurrence[27] . Therefore, indicators of extended radical
operation for pancreatic head cancer were CS1, CS2, and
CS3 (T2Rp2PV2A1). It can be concluded that indication
of extended radical operation is practically possible in CS1,
CS2 and part of CS3 (T2-3Rp2PV2A1) but unrealistic in
CS3-4(T3-4Rp2-3PV2-3A2-3).
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Abstract
AIM: Intrabiliary rupture (IBR) is a common and serious
compli-cation of hepatic hydatid cyst. The incidence
varies from 1% to 25%. The treatment of IBR is still
controversial. We aimed to design an algorithm for the
treatment of hepatic hydatidosis with IBR by reviewing
our cases.
METHODS: Eight cases of IBR were analyzed retrospectively.
Patients were evaluated according to age, sex, clinical
findings, cyst number and stage, abdominal ultrasonography
and CT-scan, surgical methods, complica-tions, results
and coincidental diseases.
RESULTS: Female/male ratio was 1/7. Mean age was
52.12±18.26 years (range 24-69 years). Right upper
quadrant pain, flatulence, palpable hepatic mass were
symptoms common in all patients. Cholestatic jaundice
was found in four cases. In all patients, cyst evacuation
and omento-plasty were performed, followed by either
choledochod-uodenostomy, T-tube drainage, intracavitary
suturing of the orifice, two cases in each. Whereas in
two patients diagnosed post-operatively percutaneous
drainage of biliary collection or ERCP and sphincteroplasty
were added. Morbidity and hospital stay were higher in
these cases.
CONCLUSION: When the diagnosis of IBR can be done
pre-or intra-operatively, morbidity decreases. If a biliary
fistula is seen post-operatively, endoscopic procedures
such as ERCP, sphincteroplasty or nasobiliary drainage
can be applied.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Intrabiliary rupture (IBR) is the most common and serious
complication of hepatic hydatid cyst (HHC). It has also
been reported as ‘cystobiliary fistula’ or ‘cystobiliary
communication’ in the literature. The incidence varies from
1% to 25% although an incidence of 64.75% has been
reported from a multicentric study in Tunisia[1-12].
Obstructive jaundice, fever, right-upper quadrant pain,
nausea and vomiting, flatulence, palpable hepatic mass are
the most commonly encountered symptoms in intrabiliary
rupture[2,3,9].
Although there is some consensus on the medical and
surgical treatment of hydatid cyst diseases, the treatment
of intrabiliary rupture still remains controversial. Intracystic
suturing of the orifice, T-tube drainage, double side drainage,
cystobiliary disconnection, choledochoduodenostomy,
choledochojejunostomy, endoscopic sphincterotomy and
nasobiliary stent application have been used.
In this report, eight cases of intrabiliary rupture were
presented and discussed in the light of literature review.
MATERIALS AND METHODS
In this study, eight cases of hepatic hydatid cyst with
cystobiliary fistulae treated by our team between 1994 and
2003 were presented. They began to undergo intra-operative
ultrasonography (US) in 1997.
All patients’ records were reviewed and evaluated as to
the age, sex, clinical findings, cyst number and stages
according to Gharbi’s classification, abdominal ultrasonography and CT-scan results, surgical methods, complications,
results and coincidental diseases.
RESULTS
Patients’ data
Between 1994 and 2003, a total of 70 cases of hepatic
hydatidosis were treated surgically by our team, of these
cases eight (11.42%) had cystobiliary fistulae, diagnosed
either pre-, intra- or post-operatively. Female/male ratio was
1/7. Mean age was 52.12±18.26 years (range 24-69 years).
Right upper quadrant pain, flatulence, palpable hepatic
mass were the symptoms present in all patients. Cholestatic
jaundice was found in four cases.
Four patients had one, two patients had two and the
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Table 1 Patients’ characteristics (n = 8)
Mean age
Female/male
Symptoms
Right upper quadrant pain, palpable hepatic mass, flatulence
Cholestatic jaundice
Number of cysts
1
2
3 or more
Stages of cysts (According to Gharbi’s classification) Stage II
Stage III
Choledochal image at US and CT-scan
dilated ( = 2 cm)
Normal
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Table 2 Objectives of the cysts and diagnostic investigations

52.12±18.26
1/7
8
4
4
2
2
3
5
3
5

other two patients had three or more cysts. The majority
of the cysts were in stage III (62.5 %) and stage II (37.5 %)
(Table 1). Seven cases had their cysts in the right hepatic
lobe, one in the left lobe. The cyst sizes were in the range
of 2.5-15 cm. Table 1 summarizes the patients’ data.
Four cases had obstructive jaundice. Total bilirubin was
as high as 7 mg/dL. ALT, AST and ALP levels were thrice
the normal levels. Four patients had no elevation at biochemical analysis (Table 2).
US and CT-scan showed choledochal dilatation of 2 cm
in three patients. Biochemical tests of these cases were high.
Treatments of patients
Benzimidazole treatment was started 7-30 d before
surgery (mean 14±8.45 d) and continued for 2-5 mo (mean
3.71±1.11 mo) after surgery, in a monthly cyclic protocol.
All cysts were treated by evacuation+omentoplasty+
drainage of the cystic cavity. The cystic cavities were
disinfected by 1.7 mg/mL albendazole solution as described
previously[13-15]. When choledochotomy was done, all contents
in the common bile duct (CBD) were evacuated and biliary
tracts were irrigated with 0.9% NaCl solution. Table 3 and
Figure 1 show the treatment of intrabiliary rupture.
Evidence of obstructive jaundice with cystic contents
in large common bile duct There were three such cases.
Two of them were treated by choledochoduodenostomy.
Cystic content and hemobilia were diagnosed in the CBD
of the third case in which choledochus was evacuated and
T-tube drainage was performed. The specific cause of
hemobilia could not be determined.

Patient
number
1

ALT, AST, ALP levels

Bilirubin levels (total/conj mg/dL)

High

7/5

2

N

N

3

N

N

4

N

N

5

High

5/3

6

High

5/3

7

High

11/8

8

N

N

Evidence of obstructive jaundice, invisible orifice,
normal caliber choledochus There was only one such
patient. Hyperbilir-ubinemia was 5 mg/dL. There was no
bile staining of the cystic liquid. No pathological change
was found at the inspection or palpation of the CBD,
therefore no surgical procedure was performed for
intrabiliary rupture. However, bile leakage in the range of
1 000 mL/d was diagnosed in the early post-operative period.
Perihepatic biliary collection was also diagnosed later and
drainage under US guidance was performed. Bile leakage
subsequently regressed and stopped in 2 wk.
The cases with bile stained cystic liquid Two of the
three such cases had visible orifices and were treated by
suturing with nonabsorbable materials. At last one orifice
could not be identified. Choledochotomy was done since it
was suspected that there was cystic content in the CBD, but
cystic content could not be seen. T-tube drainage was carried
out. Biliary fistulae did not occur.
In a case of unsuspected intrabiliary rupture, a cyst, 10 cm
in diameter was present in the right lobe. The cystic liquid
was not stained by bile. Extrahepatic biliary system was found
normal intra-operatively. No orifice could be identified
because of difficult localization. A high output (1 000 mL/d)
biliary fistula occurred on the first post-operative day
and continued for a week. ERCP and sphincteroplasty
were performed and the biliary fistula stopped at the 4th
post-operative week.
T-tubes were removed on the 10 th d in patients with a
normal caliber choledoch, while the removal was delayed
on the 20th d in patients with an enlarged choledoch with
daughter vesicles and hemobilia.

Table 3 Diagnosis and treatment of cystobiliary fistulae
Patient number

Clinical and diagnostic characteristics of the patients

Treatment of common bile duct

1

Evidence of obstructive jaundice with cystic

Choledochoduodenostomy

contents in large CBD
2

Bile stained cystic liquid and visible orifice

3

Bile stained cystic liquid and visible orifice

Suturing orifice
Suturing orifice

4

Bile in cystic liquid

T-tube drainage

5

Evidence of obstructive jaundice, invisible orifice, normal

Percutaneous drainage under US guidance

caliber choledochus (postop biliary leakage)

post-operatively

6

Evidence of obstructive jaundice with cystic

Choledochoduodenostomy

7

Evidence of obstructive jaundice, hemobilia,

contents in a large CBD
T-tube drainage

enlargement of the CBD with cystic content
8

No suspicion of intrabiliary rupture

ERCP and sphincteroplasty
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Operation for hepatic hydatid cyst

Preoperative suspicion of IBR

Cysto-biliary
communication
cystic content in
CBD (by CT-scan,
USG and MRI)

Found intraoperatively

Dilated CBD with
cystic content

Suspicion of IBR
(dilated CBD
and obstructive
jaundice)

Bile stained cystic content

CBD in normal
caliber with
cystic content

Orifice is not seen
and dilated CBD
with cystic content
CBD exploration +
T-tube drainage
Suture (If orifice is seen) + CBD
exploration + choledocho-duodenostomy (or choledochojejunostomyless preferable)

Orifice and CBD in
normal caliber

If orifice can not be
seen and CBD is in
normal caliber

Orificial suture

If biliary fistula occurs

Simple procedure for
hepatic hydatid cyst

ERCP (sphincteroplasty, nasobiliary
catheterisation, biliary prostheses)

Figure 1 Algorithm in the management of intrabiliary rupture (IBR: intrabiliary

rupture, CBD: common bile duct).

Four patients had coincidental diseases. Two of them had
cholelithiasis (cholecystectomy was done). One of them had
coronary disease. Another patient had coronary disease,
hypertension and diabetes mellitus.Perihepatic biliary
collection noted above was only a complication.
The mean length of hospital stay was 17±11.63 d (range
10-45 d). In one patient with prolonged biliary fistulae the
hospital stay was 45 d. When this patient was excluded, the
mean hospital stay was 13±2.94 d.
The mean follow-up period was 57.87±40.47 mo (range
3-120 mo). No morbidity or mortality was seen during this
period.

cavity. Small cysto-biliary communications develop in
80-90% of all HHCs[16] .
Furthermore, there are two different clinical settings
associated with intrabiliary rupture: frank intrabiliary rupture
and simple communication. In the former, the cyst content
drains to biliary tract and causes cholestatic jaundice. In the
latter simple communications are frequently overlooked and
could cause biliary fistulae post-operatively [17]. If the
cystobiliary opening was less than 5 mm, spontaneous
drainage of the cystic content was uncommon and could
be treated by suturing under the direct vision[18]. If the CBD
diameter was larger than 5 mm, cystic content migration
into the biliary tract would occur in 65% of the cases[19] .
Vesicles, debris and purulent materials may be found in the
biliary collection.
In all patients the most frequent symptoms were right
upper quadrant pain and flatulence. Obstructive jaundice
and fever have been recorded in 90% and 20% of the
cases respectively. Nausea and vomiting were rare[2,3,9,20].
Diagnosis of IBR is difficult and can be established pre-,
intra- and post-operatively. When obstructive jaundice is
present, US, CT-scan, magnetic resonance imaging (MRI)
and scintigraphic investigation can show the cyst and
cystobiliary communications, but in patients with no jaundice,
a correct diagnosis can be made in only 25%. Radiodiagnostic

DISCUSSION
Intrabiliary rupture is a common and serious complication
of hepatic hydatidosis. It occurs especially in centrally
localized and high stage cyst. High intracystic pressure up
to 80 cm H2O is a predisposing factor. The cyst rupture
can occur in three clinical forms. Contained rupture occurs
when the cyst contents are confined within the pericyst.
Communicating rupture defines tearing of the pericyst and
evacuation of cyst contents into the biliary tract or bronchioles.
Direct rupture describes complete tear of the cyst wall and
spillage of the cyst contents into the peritoneal or pleural
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evaluation can also demonstrate cystic content in the gall
bladder[7] and the CBD[1,4,19,21]. On the other hand, cholelithiasis and choledocholithiasis are common (81-61.53%)
coincidental diseases[6,7]. Laboratory and serological tests can
also be helpful for diagnosis.
If obstructive jaundice was not present and cystobiliary
connection could not be seen pre-operatively, three findings
should raise suspicion of cystobiliary fistulas, namely bilestained cystic fluid, visualized and sutured bile leak orifice
intra-operatively; intra-operative observation of CBD enlargement or the presence of cyst content in the common bile duct;
unexpected post-operative bile drainage from the cavity
drains[8,22,23].
The orifice of bile leakage could be seen in 11.7-17.07%
of the cases during the operation[3,23] while this was difficult
in posteriorly localized cysts. In these cases, cholangiography
could be done by a catheter pushed into the ductus cysticus
or the cystobiliary fistula[3,4,8,22,23]. As an extreme procedure,
puncture of choledochus and injection of radioopac solution
or methylene blue are helpful to diagnose intrabiliary rupture
or to see the orifice. Eleftheriadis[23] emphasized that choledochoscopy could also be helpful in the diagnosis of IBR.
When an intrabiliary rupture is diagnosed pre-or intraoperatively, there are alternative treatment modalities in
addition to conventional surgery of hepatic hydatid cyst.
Cystic evacuation, removal of germinative layer, disinfection
of cystic cavity are necessary. If cystobiliary orifice is seen
and no cystic content is observed in a normal caliber choledochus, suturing the orifice is sufficient to prevent the complications. Videolaparoscopical suturing of the orifice has been
reported in literature[8].
When cystic content is observed in a normal caliber
choledochus, choledochotomy+evacuation of cystic content
and debris from biliary tree±irrigation with 0.9% NaCl
solution and T-tube drainage are enough. If CBD enlargement is diagnosed with cystic content in it or in the gallbladder, choledochoduodenostomy is preferable. Some
authors have reported the wide application of T-tube drainage
in cases with high morbidity rates[3,4,6,7,9,22,24,25]. On the other
hand, Roux and Y hepaticojejunostomy have been reported
for the treatment of bile duct stricture associated intrabiliary
rupture[20,26]. Open sphincteroplasty was also used in the
last decades[25].
The presence of cholangitis has been reported as a risk
factor. Even T-tube drainage itself could cause cholestatic
icterus[3,17,27] and is also a source of infection[28]. Some authors have used cystojejunostomy albeit the risk that cystic
content drainage into the biliary tract could result in obstructive jaundice and cholangitis[21,29].
When intrabiliary rupture was overlooked during the
surgical treatment, biliary fistulae (up to 1 000 mL/d) were
unavoidable and if this occurred ERCP would be necessary. Post-operative biliary fistula rate was about 20% in
all cases[22,23,30,31].
In the cases of overlooked cystobiliary fistulae, transsphincteric evacuation of the CBD and sphincteroplasty could
be applied. Nasobiliary drainage could also be done. Usually,
the majority of biliary fistulae could be closed in a few
weeks[2,8,27,30,32].
The usage of endoprostheses in biliary fistula was not
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common. This can be considered in either high output bile
leakage or for intractable fistulae[31].
The morbidity and mortality rates of all patients were
19.44-43.03% and 1.8-4.5% respectively in literature. The
most common causes of deaths were sepsis and hepatic
failure[3,4,9,22,23].
Hospital stay was the longest in the T-tube group. The
patients undergoing choledochoduodenostomy had longer
hospital stay than those undergoing simple orifice suturing[3].
In conclusion, IBR has an algorithm in the diagnosis
and treatment. If it is not detected pre- or intra-operatively,
a biliary fistula is common, its morbidity and mortality rates
are high. Detecting and suturing orifices in cystic wall are
the best methods of treatment. When cystic content is found
in choledochus or when biliary fistula occurs, more complex
procedures are necessary.
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Abstract
AIM: One-week triple therapy with proton pump
inhibitors, clarithromycin and amoxicillin has recently
been proposed as the first-line treatment for Helicobacter
pylori (H pylori) infection; however, data regarding the
effects of this regimen in China are scarce. The aim of
this prospective and randomized study was to compare
the efficacy of clarithromycin and metronidazole when
they were combined with omeprazole and amoxicillin
on eradication of H pylori and ulcer healing in Chinese
peptic ulcer patients.
METHODS: A total of 103 subjects with H pylori-positive
peptic ulcer were randomly divided into two groups, and
accepted triple therapy with omeprazole 20 mg, amoxicillin
1 000 mg and either clarithromycin 500 mg (OAC group,
n = 58) or metronidazole 400 mg (OAM group, n = 45).
All drugs were given twice daily for 7 d. Patients with
active peptic ulcer were treated with omeprazole 20 mg
daily for 2-4 wk after anti-H pylori therapy. Six to eight
weeks after omeprazole therapy, all patients underwent
endoscopies and four biopsies (two from the antrum and
two others from the corpus of stomach) were taken for
rapid urease test and histological analysis (with modified
Giemsa staining) to examine H pylori . Successful
eradication was defined as negative results from both
examination methods.
RESULTS: One hundred patients completed the entire
course of therapy and returned for follow-up. The
eradication rate of H pylori for the per-protocol analysis
was 89.3% (50/56) in OAC group and 84.1% (37/44) in
OAM group. Based on the intention-to-treat analysis, the
eradication rate of H pylori was 86.2% (50/58) in OAC
group and 82.2% (37/45) in OAM group. There were no

significant differences in eradication rates between the
two groups on either analysis. The active ulcer-healing
rate was 96.7% (29/30) in OAC group and 100% (21/21)
in OAM group (per-protocol analysis, P>0.05). Six patients
in OAC group (10.3%) and five in OAM group (11.1%)
reported adverse events (P>0.05).
CONC LUSION: O ne - w e ek tr ipl e the ra py w i th
omeprazole and amoxicillin in combination with either
clarithromycin or metronidazole is effective for the
eradication of H pylori . The therapeutic regimen
co m prising m etro nidaz o le with low cos t, goo d
compliance and mild adverse events may offer a good
choice for the treatment of peptic ulcers associated with
H pylori infection in China.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H pylori) infects the stomachs of more
than 50% of people worldwide, and is responsible for most
peptic ulcer diseases, gastritis and gastric malignancies[1-4].
According to the Maastricht 2-2000 consensus report[5] ,
eradication of H pylori infection is strongly recommended
in duodenal and gastric ulcers, whether they are active
or not. Cure of the infection not only promotes peptic
ulcer healing but also reduces ulcer relapse. Recently, 1-wk
triple therapy with a proton-pump inhibitor (PPI) and
two antimicrobial agents (clarithromycin, amoxicillin, or
metronidazole/tinidazole) has been shown to be one of the
most effective regimens and is recommended as the firstline treatment of H pylori eradication due to its high cure
rates and convenience [6-8]. However, as in many other
infectious diseases, antibiotic resistance is the major cause
of treatment failure. Metronidazole-resistant strains of
H pylori have been reported to be increasing worldwide[9-11].
Although clarithromycin is an excellent drug for
treating H pylori infection overseas[12,13], this drug has not
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been widely used in China due to its high cost. Therefore,
we evaluated the efficacy of 1-wk triple therapy with
omeprazole, amoxicillin and clarithromycin (OAC) for H pylori
eradication and active peptic ulcer healing in Chinese
population. We also compared the results of OAC regimen
with a conventional traditional triple therapy with
omeprazole, amoxicillin and metronidazole (OAM).

MATERIALS AND METHODS
Patients
Patients with endoscopically-confirmed peptic ulcers
(including scar stage), and biopsy-proven H pylori infection
were enrolled into this prospective, randomized, investigatorblind, single-center study. Patients excluded from the study
included patients with liver cirrhosis, renal failure, or other
serious concomitant illnesses; alcoholics; patients were
treated in the two months preceding study entry with
antibiotics, bismuth preparations, proton pump inhibitors
or H2-receptor antagonists; patients with known allergy to
the medications used; patients with a history of previous
gastric surgery; pregnant women; and patients who
previously underwent eradication therapy. These criteria
were ascertained by means of a complete history, physical
examination, appropriate hematological and biochemical
tests. A total of 103 patients (85 men and 18 women) who
were recruited prospectively in the gastroenterology unit at
Affiliated Zhongda Hospital of Southeast University,
fulfilled the criteria for admission to the study. All patients
gave their fully informed written consent before entering
the study. The study also received the approval of the
Medical Ethics Committee of Southeast University.
Eradication methods
Patients were randomly divided into two groups, and
accepted triple therapy with omeprazole 20 mg, amoxicillin
1 000 mg and either clarithromycin 500 mg (OAC group,
n = 58) or metronidazole 400 mg (OAM group, n = 45). All
drugs were given twice daily for 7 d. Patients with active
peptic ulcer were treated with omeprazole 20 mg daily for
2-4 wk after anti-H pylori therapy. Each patient was asked
to return at the end of antibiotic treatment for a structured
clinical interview to assess adverse events and compliance.
Evaluation of eradication therapy
Six to eight weeks after omeprazole therapy, all patients
underwent endoscopies and four biopsies (two from the
antrum and another two from the corpus of the stomach)
were taken for rapid urease test and histological analysis
(with modified Giemsa staining) to examine H pylori.
Successful eradication was defined as negative results from
both examination methods. The healing of active ulcer was
also evaluated during endoscopic examination.
Statistical analysis
The results of treatment were evaluated with per-protocol
(PP) analysis (which included only patients who completed
the study) and intention-to-treat (ITT) analysis (which
included also patients who did not complete the study). The
demographic and clinical characteristics of the two groups
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were compared by 2 test. The results of treatment were
compared by 2 test or Fisher’s exact test. P<0.05 was
considered statistically significant.

RESULTS
Demographic and clinical characteristics
The demographic and clinical characteristics of the 103
patients in the two groups are shown in Table 1. No significant
differences in demographic and clinical characteristics were
found between the two groups.
Table 1 Baseline characteristics of patients in two groups

Age (yr, mean±SD)
Sex (M/F)
Gastric ulcer, active
Gastric ulcer, scar
Duodenal ulcer, active
Duodenal ulcer, scar

OAC (n = 58)

OAM (n = 45)

52±11
48/10
10
13
21
14

50±12
37/8
8
11
14
12

Eradication rates of H pylori
Of the 103 patients enrolled in this study, 3 (2.9%) withdrew
from the study because of drug-related adverse events. Of
them, two patients (each from OAC group and OAM group)
with skin rash and one from OAC group with diarrhea
discontinued the treatment. As a result, 100 patients (97.1%,
56 patients in OAC group and 44 patients in OAM group)
completed the entire course of therapy and returned for
follow-up. The eradication rates based on PP or ITT analyses
are shown in Table 2. There were no significant differences
in eradication rates between the two groups.

Table 2 Eradication rates in two treatment groups
2

OAC (n = 58)

OAM (n = 45)

PP analysis (%)

50/56(89.3)

37/44(84.1)

0.59

0.44

ITT analysis (%)

50/58(86.2)

37/45(82.2)

0.31

0.58

P

Numbers in parentheses indicate percentages.

Healing rates of active peptic ulcer
The active ulcer-healing rate on PP analysis was 96.7%
(29/30) in OAC group and 100% (21/21) in OAM group.
There were no significant differences between the two groups
(2 = 0.71, P>0.05).
Adverse events and compliance
Completed questionnaires about the adverse events and
compliance were obtained from all the 103 patients. Adverse
events were noticed (Table 3) in six patients in OAC group,
and five patients in OAM group, with no statistically
significant differences between the two groups (2 = 0.02,
P = 0.90). The symptoms of adverse events were mild and
did not necessitate any additional treatment in both groups.
None of the other serious events such as hepatic or renal
functional damages were found by means of biochemical
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examination in the two groups. All patients, except for two
who had acute allergic skin rashes and one who had diarrhea,
were able to take the study medication completely for the
full study period. Thus, 100 patients (97.1%) had an excellent
compliance.
Table 3 Adverse events during treatment
OAC (n = 58)

OAM (n = 45)

Skin rash

1

1

Diarrhea

1

1

Headache

2

0

Nausea

1

1

Anorexia

1

0

Metallic taste

0

2

6/58 (10.3)

5/45 (11.1)

Total (%)

DISCUSSION
Many authors have reported a correlation between H pylori
infection and peptic ulcers[1,7,8]. Incidence of H pylori infection
was higher in patients with gastroduodenal ulcers than in
subjects without gastroduodenal disorders. The eradication
of H pylori has been strongly recommended in all patients
with peptic ulcer, including those with complications[5] .
Eradication of H pylori could assure rapid symptom relief
and accelerate ulcer healing [14] , prevent ulcer relapse and
reduce complications[7,8,15-18]. Furthermore, eradication of
H pylori could also improve the healing of intractable
ulcers[19-21]. However, the survival capabilities of H pylori in
the stomach made it difficult to be eradicated, and effective
treatment required multi-drug regimens consisting of two
antibiotics (usually selected from clarithromycin, metronidazole,
amoxicillin, and tetracycline) combined with PPI or bismuth
compounds[5,22,23]. Although the optimal treatment of H pylori
infection is still a matter of debate, the effectiveness of
PPI based 1-wk triple therapy has now been well established
and remains one of the first-line therapies of choice[6,14,24,25].
Clarithromycin is a new generation of macrolide antibiotic
that inhibits bacterial protein synthesis. Its antibacterial
spectrum is similar to that of erythromycin, but it is more
acid-stable, better absorbed, and is thought to be an effective
drug for treating H pylori infection[7,12,13]. Among several
eradication regimens, PPI with clarithromycin and amoxicillin
is thought to be one of the most effective treatments of
H pylori. Amoxicillin resistance was rarely reported[26] but
clarithromycin resistance has increased year after year [27] ,
and eradication rates with clarithromycin-containing
regimens decreased significantly[28]. The present study showed
that the H pylori eradication rate in OAC group was 89.3%
(50/56, PP analysis). The result is in accordance with
previous reports from China and Spain[29,30]. However, in a
study from Japan by Ogura et al[31], eradication was achieved
in 39/40 (98%) by PP analysis in clarithromycin-based triple
therapy for non-resistant H pylori infection. These results
indicate that the therapeutic effect of clarithromycin for
H pylori eradication is not quite consistent. It may be related
to different resistance to clarithromycin of infecting H pylori
strains in various countries and regions. Widespread use of

antimicrobial drugs has resulted in a worldwide increase in
the prevalence of antibiotic resistance in H pylori, 5-11%
of clinical H pylori strains isolated in China are resistant to
clarithromycin[32,33]. Although clarithromycin was not available
in China before 1996, the other members of macrolides
such as spiramycin, erythromycin and roxithromycin have
been widely used over the past years for the treatment of
respiratory infection, sexually transmitted diseases and other
infectious diseases. Thus, H pylori is able to develop resistance
to clarithromycin rapidly after contact with it, as crossresistance exists between macrolides. Some studies have
shown that clarithromycin resistance in H pylori substantially
affected the success rate of eradication regimens containing
clarithromycin[28]. In the present randomized study, there
were no significant differences between OAC and OAM
treatment groups in terms of H pylori eradication and ulcer
healing, confirming that 1-wk triple therapy with omeprazole
and amoxicillin in combination with either clarithromycin
or metronidazole has the same effectiveness on eradicating
the bacterium. Both eradication regimens were well
tolerated and patient compliance was excellent. However,
clarithromycin is too expensive to be widely used in China.
Antibacterial treatment of H pylori is difficult because
of the very rapid development of resistance to antimicrobial
agents, especially to nitroimidazoles, such as metronidazole
and tinidazole, and clarithromycin[34]. The resistance of
H pylori to metronidazole and clarithromycin strongly
affected the success of regimens involving these drugs. The
prevalence of resistance to these anti-microbial agents varied
with gender, ethnic group and country of origin[34]. It was
reported from Hong Kong (China) that almost 50% of pretreatment strains of H pylori were resistant to metronidazole
and over 10% to clarithromycin[33]. Metronidazole resistance
has been shown to reduce H pylori eradication rates in the
regimens containing amoxicillin and metronidazole[35,36] .
Several studies have shown a significantly higher rate of
metronidazole resistant H pylori among women[37-39], indicating
that this drug can be widely used for pelvic inflammatory
diseases in females[37]. In the current study, the number of
men was absolutely more than that of women either in
OAC or in OAM group. Whether the sex bias of patients
was related to the better eradication in OAM group remains
unknown. We did not test in vitro sensitivity to metronidazole
and clarithromycin. Although Epsilometer (E) test has been
recommended as the best and simplest method for routine
testing of antibiotic sensitivity to H pylori, the technique is
not yet widely available in China. On the other hand,
the exact mechanism responsible for the development of
H pylori resistance to metronidazole still remains obscure,
antimicrobial effectiveness in vivo was poorly predicted by
sensitivity in vitro [37] . This is largely because the current
breakpoints, which are the in vitro concentrations defining
the cut off between sensitive and resistant strains, do not
correlate with levels required for eradication of infection
from the gastric mucosa.
In the past, prevention of peptic ulcer recurrence was
based on long term use of H2-receptor antagonists or PPIs.
Since H pylori was recognized, it has been well understood
that eradicating the bacterium could significantly reduce the
recurrence of peptic ulcer diseases[8,16-18]. In our study, the
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ulcer relapse rate during the 12-mo follow-up was 66.7%
(4/6) in H pylori-positive patients and none of the 24 H pylorinegative patients relapsed (data not shown). In conclusion,
1-wk triple therapy with omeprazole and amoxicillin in
combination with either clarithromycin or metronidazole is
equally effective for eradication of H pylori and ulcer healing.
Clarithromycin is the most expensive antimicrobial drug used
to treat H pylori infection. Metronidazole with lower cost,
good compliance and mild adverse events may offer a good
choice for the treatment of peptic ulcers associated with
H pylori infection in China.

REFERENCES
1

2

3

4

5

6

7

8

9

10

11

12

13

14

Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration. Lancet 1984; 1: 1311-1315
Blaser MJ. Hypotheses on the pathogenesis and natural history of Helicobacter pylori-induced inflammation. Gastroenterology 1992; 102: 720-727
Forman D, Newell DG, Fullerton F, Yarnell JW, Stacey AR,
Wald N, Sitas F. Association between infection with Helicobacter
pylori and risk of gastric cancer: evidence from a prospective
investigation. BMJ 1991; 302: 1302-1305
Parsonnet J, Hansen S, Rodriguez L, Gelb AB, Warnke RA,
Jel lum E, Orentreic h N, Vogelman JH, Fri edma n GD .
Helicobacter pylori infection and gastric lymphoma. N Engl J
Med 1994; 330: 1267-1271
Malfertheiner P, Megraud F, O’Morain C, Hungin AP, Jones
R, Axon A, Graham DY, Tytgat G. Current concepts in the
management of Helicobacter pylori infection-the Maastricht 22000 Consensus Report. Aliment Pharmacol Ther 2002; 16:
167-180
Lind T, Veldhuyzen v an Zanten S, Unge P, Spi ller R,
Bayerdorffer E, O’Morain C, Bardhan KD, Bradette M, Chiba
N, Wrangstadh M, Cederberg C, Idstrom JP. Eradication of
Helicobacter pylori using one-week triple therapies combining
omeprazole with two antimicrobials: the MACH I Study.
Helicobacter 1996; 1: 138-144
Malfertheiner P, Kirchner T, Kist M, Leodolter A, Peitz U,
Strobel S, Bohuschke M, Gatz G. Helicobacter pylori eradication and gastric ulcer healing-comparison of three pantoprazolebased triple therapies. Aliment Pharmacol Ther 2003; 17:
1 12 5 -11 3 5
Hawkey CJ, Atherton JC, Treichel HC, Thjodleifsson B, Ravic
M. Safety and efficacy of 7-day rabeprazole-and omeprazolebased triple therapy regimens for the eradication of Helicobacter
pylori in patients with documented peptic ulcer disease. Aliment Pharmacol Ther 2003; 17: 1065-1074
Noach LA, Langenberg WL, Bertola MA, Dankert J, Tytgat
GN. Impact of metronidazole resistance on the eradication of
Helicobacter pylori. Scand J Infect Dis 1994; 26: 321-327
Forbes GM, Collins BJ, McCullough CA, Coombs GW, Robins PD. Short duration therapy for Helicobacter pylori in Western Australia: the impact of metronidazole resistance. Aust N
Z J Med 1998; 28: 13-17
Ling TK, Cheng AF, Sung JJ, Yiu PY, Chung SS. An increase
in Helicobacter pylori strains resistant to metronidazole: a fiveyear study. Helicobacter 1996; 1: 57-61
Isomoto H, Furusu H, Morikawa T, Mizuta Y, Nishiyama T,
Omagari K, Murase K, Inoue K, Murata I, Kohno S. 5-day vs.
7-day triple therapy with rabeprazole, clarithromycin and
amoxicillin for Helicobacter pylori eradication. Aliment Pharmacol
Ther 2000; 14: 1619-1623
Veldhuyzen Van Zanten S, Machado S, Lee J. One-week
triple therapy with esomeprazole, clarithromycin and metronidazole provides effective eradication of Helicobacter pylori
infection. Aliment Pharmacol Ther 2003; 17: 1381-1387
Asaka M, Sugiyama T, Kato M, Satoh K, Kuwayama H,
Fukuda Y, Fujioka T, Takemoto T, Kimura K, Shimoyama T,

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

April 28, 2005

Volume 11

Number 16

Shimizu K, Kobayashi S. A multicenter, double-blind study
on tripl e thera py w ith l ansopra zole, a moxi ci l li n and
clarithromycin for eradication of Helicobacter pylori in Japanese peptic ulcer patients. Helicobacter 2001; 6: 254-261
Dayal VM, Kumar P, Kamal J, Shahi SK, Agrawal BK. Tripledrug therapy of Helicobacter pylori infection in duodenal ulcer
disease. Indian J Gastroenterol 1997; 16: 46-48
Hopkins RJ, Girardi LS, Turney EA. Relationship between
Helicobacter pylori eradication and reduced duodenal and
gastric ulcer recurrence: a review. Gastroenterology 1996; 110:
1244-1252
Van der Hulst RW, Rauws EA, Koycu B, Keller JJ, Bruno MJ,
Tijssen JG, Tytgat GN. Prevention of ulcer recurrence after
eradication of Helicobacter pylori: a prospective long-term follow-up study. Gastroenterology 1997; 113: 1082-1086
Seppala K, Pikkarainen P, Sipponen P, Kivilaakso E, Gormsen
MH. Cure of peptic gastric ulcer associated with eradication
of Helicobacter pylori. Finnish Gastric Ulcer Study Group. Gut
1995; 36: 834-837
Avsar E, Kalayci C, Tozun N, Lawrence R, Kiziltas S, Gultekin
O, Ulusoy NB. Refractory duodenal ulcer healing and relapse:
comparison of omeprazole with Helicobacter pylori eradication.
Eur J Gastroenterol Hepatol 1996; 8: 449-452
Kihira K, Sato K, Yoshida Y, Takimoto T, Taniguchi Y, Kimura
K. The effect of the eradication of H pylori on the intractable
ulcer. Nihon Rinsho 1993; 51: 3285-3288
Sugiyama T, Asaka M. Eradication of Helicobacter pylori infection in patients with intractable gastric ulcer. Aliment
Pharmacol Ther 2003; 18: 544-545
Burette A, Glupczynski Y, Deprez C. Evaluation of various
multidrug eradication regimens for Helicobacter pylori. Eur J
Gastroenterol Hepatol 1992; 4: 817-823
Chiba N, Rao BV, Rademaker JW, Hunt RH. Meta-analysis
of the efficacy of antibiotic therapy in eradicating Helicobacter
pylori. Am J Gastroenterol 1992; 87: 1716-1727
Zanten SJ, Bradette M, Farley A, Leddin D, Lind T, Unge P,
Bayerdorffer E, Spi ll er RC, O’Mora i n C, Si pponen P,
Wrangstadh M, Zeijlon L, Sinclair P. The DU-MACH study:
eradication of Helicobacter pylori and ulcer healing in patients
with acute duodenal ulcer using omeprazole based triple
therapy. Aliment Pharmacol Ther 1999; 13: 289-295
Malfertheiner P, Bayerdorffer E, Diete U, Gil J, Lind T,
Misiuna P, O’Morain C, Sipponen P, Spiller RC, Stasiewicz J,
Treichel H, Ujszaszy L, Unge P, Zanten SJ, Zeijlon L. The GUMACH study: the effect of 1-week omeprazole triple therapy
on Helicobacter pylori infection in patients with gastric ulcer.
Aliment Pharmacol Ther 1999; 13: 703-712
van Zwet AA, Vandenbroucke-Grauls CM, Thijs JC, van der
Wouden EJ, Gerrits MM, Kusters JG. Stable amoxicillin resistance in Helicobacter pylori. Lancet 1998; 352: 1595
Vakil N, Hahn B, McSorley D. Clarithromycin-resistant
Helicobacter pylori in patients with duodenal ulcer in the United
States. Am J Gastroenterol 1998; 93: 1432-1435
Houben MH, va n de Beek D, Hensen EF, de Cra en A J,
Rauws EA, Tytgat GN. A systematic review of Helicobacter
pylori eradication therapy-the impact of antimicrobial resistance on eradication rates. Aliment Pharmacol Ther 1999;
13: 1 047-1 055
Chen S, Chen Z, Bei L. Omeprazole, clarithromycin and
amoxicillin therapy for Helicobacter pylori infection. Zhonghua
Neike Zazhi 1996; 35: 799-802
Calvet X, Lopez-Lorente M, Cubells M, Bare M, Galvez E,
Molina E. Two-week dual vs. one-week triple therapy for
cure of Helicoba cter py lori i nfecti on in prima ry ca re: a
multicentre, randomized trial. Aliment Pharmacol Ther 1999;
13: 781-786
Ogura K , Yoshi da H, Ma eda S, Ya ma ji Y, Ka wa be T,
Okamoto M, Shiratori Y, Omata M. Clarithromycin-based
triple therapy for non-resistant Helicobacter pylori infection.
How long should it be given? Scand J Gastroenterol 2001; 36:
584-588
Pan ZJ, Su WW, Tytgat GN, Dankert J, van der Ende A.

Sun WH et al. Helicobacter pylori eradication

33

34
35

36

2481

Assessment of clarithromycin-resistant Helicobacter pylori
among patients in Shanghai and Guangzhou, China, by primermismatch PCR. J Clin Microbiol 2002; 40: 259-261
Wang WH, Wong BC, Mukhopadhyay AK, Berg DE, Cho
CH, Lai KC, Hu WH, Fung FM, Hui WM, Lam SK. High
prevalence of Helicobacter pylori infection with dual resistance
to metronidazole and clarithromycin in Hong Kong. Aliment
Pharmacol Ther 2000; 14: 901-910
Harris A, Misiewicz JJ. Treating Helicobacter pylori-the best is
yet to come? Gut 1996; 39: 781-783
Lerang F, Moum B, Haug JB, Tolas P, Breder O, Aubert E,
Hoie O, Soberg T, Flaaten B, Farup P, Berge T. Highly effective twice-daily triple therapies for Helicobacter pylori infection
and peptic ulcer disease: does in vitro metronidazole resistance have any clinical relevance? Am J Gastroenterol 1997; 92:
248-253
Veldhuyzen van Zanten S, Hunt RH, Cockeram A, Schep G,
Malatjalian D, Sidorov J, Matisko A, Jewell D. Adding once-

37

38

39

daily omeprazole 20 mg to metronidazole/amoxicillin treatment for Helicobacter pylori gastritis: a randomized, doubleblind trial showing the importance of metronidazole resistance.
Am J Gastroenterol 1998; 93: 5-10
Graham DY, de Boer WA, Tytgat GN. Choosing the best
anti-Helicoba cter pylo ri therapy: effect of antimicrobial
resistance. Am J Gastroenterol 1996; 91: 1072-1076
Ching CK, Leung KP, Yung RW, Lam SK, Wong BC, Lai KC,
Lai CL. Prevalence of metronidazole resistant Helicobacter pylori
strains among Chinese peptic ulcer disease patients and normal controls in Hong Kong. Gut 1996; 38: 675-678
Bell GD, Powell K, Burridge SM, Pallecaros A, Jones PH,
Gant PW, Harrison G, Trowell JE. Experience with ‘triple’
anti-Helicobacter pylori eradication therapy: side effects and
the importance of testing the pre-treatment bacterial isolate
for metronidazole resistance. Aliment Pharmacol Ther 1992; 6:
427-435

Science Editor Zhu LH, Wang XL and Li WZ Language Editor Elsevier HK

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

EL SEVIER

World J Gastroenterol 2005;11(16):2482-2485
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WJG Press and Elsevier Inc. All rights reserved.

• BRIEF REPORTS •

Expression of cellular FLICE-inhibitory protein and its association
with p53 mutation in colon cancer
Xiao-Dong Zhou, Jie-Ping Yu, Hong-Xia Chen, Hong-Gang Yu, He-Sheng Luo
Xiao-Dong Zhou, Jie-Ping Yu, Hong-Gang Yu, He-Sheng Luo,
Department of Gastroenterology, Renmin Hospital of Wuhan
University, Wuhan 430060, Hubei Province, China
Hong-Xia Chen, Department of Gynecology and Obstetrics, Renmin
Hospital of Wuhan University, Wuhan 430060, Hubei Province,
China
Supported by the Scientific Research Foundation for Returned
Overseas Chinese Scholars, State Education Ministry, China (2003)14
Co-first-authors: Xiao-Dong Zhou and Hong-Xia Chen
Correspondence to: Dr. Xiao-Dong Zhou, Department of
Gastroenterology, Renmin Hospital of Wuhan University, Jiefang
road 238, Wuhan 430060, Hubei Province,
China. zhouxd7612@hotmail.com
Telephone: +86-1354-5110116 Fax: +86-27-88042292
Received: 2004-03-13 Accepted: 2004-04-07

Abstract
AIM: To investigate the expression of cellular FLICE (Fas
associated death domain-like IL-1beta-converting enzyme)inhibitory protein (c-FLIP) and its association with p53
mutation in colon cancer.
METHODS: Immunohistochemical staining of c-FLIP and
mutant p53 by using specific antibodies was performed
by the standard streptavidin-peroxidase technique for
45 colon cancer tissue samples with matched normal
tissues. Semi-quantitative reverse transcriptional (RT)PCR was used to measure c-FLIP mRNA levels. t- test
statistical method was used in data analyses.
RESULTS: c-FLIP mRNA was expressed in all colon cancer
tissues and its level (0.63±0.12) was significantly higher
than that in normal tissues (0.38±0.10, P<0.01). Immunohistochemically, c-FLIP protein was also expressed in all
colon cancers (45/45) and 71.1% (32/45) showed an
intense immunostaining, in contrast, 93.3% (42/45) of
normal colonic mucosa showed positive staining and none
of them immunostained intensely. The quantity of c-FLIP
protein was significantly higher in cancer tissues than in
normal mucosa (7.04±1.20 vs 5.21±0.86, P<0.01).
Positive staining of mutant p53 protein was found in 60%
(27/45) colon cancers. c-FLIP mRNA level was decreased
in p53 positive group compared with p53 negative cancer
tissues (0.59±0.13 vs 0.69±0.14, P<0.01), but c-FLIP
protein had a significantly higher level in p53 positive cancer
tissues than in negative ones (7.57±1.30 vs 6.25±1.27,
P<0.01).
CONCLUSION: c-FLIP is specially overexpressed in colon
cancers and it might contribute to carcinogenesis of normal

colonic mucosa. p53 may exert transcriptional upregulation
effects on c-FLIP gene and more potent effects on promoting
the degradation of c-FLIP protein.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The development and progression of colorectal cancer
involves unregulated epithelial cell proliferation associated
with a series of accumulated genetic alterations. There is
evidence that prolonged survival of such genetically unstable
colonic epithelial cells, with their ultimate malignant
transformation, is associated with progressive inhibition of
apoptosis. Apoptosis is a morphologically distinct form of
cell death, which is genetically regulated and, in addition to
other roles, provides a vital protective mechanism against
the development of neoplasia by removing cells with DNA
damage. Inhibition of apoptosis thus confers a survival
advantage on cell harboring genetic alterations and may
promote acquisition of further mutations to cause neoplastic
progression, and also contribute to the development of
resistance to chemotherapy.
A new class of virus-encoded apoptosis inhibitory molecules,
designated viral FLICE (Fas associated death domain-like
IL-1beta-converting enzyme)-inhibitory protein (v-FLIP),
was described previously[1-3]. These molecules are composed
of two DEDs (death effect domain)[1]. Cellular homologs
of v-FLIP have been identified by different groups and
have been termed cellular FLICE-inhibitory protein (cFLIP), CASH, Casper, CLARP, FLAME-1, I-FLICE, MRIT,
and Usurpin. At mRNA level, c-FLIP exists as multiple splice
variants, but at protein level only two endogenous forms,
c-FLIPlong (c-FLIPL) and c-FLIPshort (c-FLIPS) could be
detected so far[4-6]. c-FLIPL is a 55 ku protein and structurally
similar to procaspase-8; it contains two DEDs and a caspaselike domain. This domain lacks residues that are important
for its catalytic activity, most notably a cysteine residue
within the active site. The short form of c-FLIP is a 28 ku
protein and structurally resembles v-FLIP containing also
two DEDs. Both c-FLIP species were found to be recruited
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to the DISC (death inducing signaling complex)[6]. A number
of studies support the notion that both forms of c-FLIP
can prevent Fas/CD95 and other death receptors mediated
apoptosis by interacting with either FADD (Fas associated
death domain) and/or procaspase-8[2,4,7]. Overexpression of
c-FLIP gene was found in many malignancies and played a
pivotal role in apoptotic resistance of tumor cells and
contributed to tumorigenesis eventually[8-10]. However, the
exact in vivo expression status of c-FLIP and its association
with p53 mutation in colon cancer have not been characterized
until now. In the present study, we performed an expression
analysis of c-FLIP at mRNA and protein levels to determine
its prevalence in colonic carcinomas and its association with
p53 mutation.

MATERIALS AND METHODS
Tissue specimens
Forty-five fresh colon cancer tissues with matched normal
tissues from patients with disparate pathological stages were
collected and fresh-frozen in liquid nitrogen after surgical
resections performed at Renmin Hospital, Wuhan University
(Wuhan, China) from 2000 to 2002. Of these, 26 were
male and 19 were female. The mean age was 57 years (SD
24.1 years, range, 30-81 years). None of the patients had
received chemo-, radio- or immuno-therapy before resection.
Part of each specimen was routinely processed, fixed in
40 g/L buffered formalin, and embedded in paraffin for
histopathological analysis (hematoxylin and eosin stain) and
immunohistoc-hemical staining. All tissues were scored by two
pathologists blinded to culture results and disease status. Among
the 45 cases, 16 were well-differentiated adenocarcinomas,
27 were moderately differentiated carcinomas, and only 2
were poorly differentiated carcinomas.
Methods
Immunohistochemistry Immunohistochemistry streptavidinperoxidase (S-P) technique was used to detect c-FLIP and
mutant p53 protein. Affinity purified rabbit polyclonal antihuman c-FLIP specific IgG and mouse monoclonal antihuman p53 specific IgG recognizing mutant p53 were
purchased from Santa Cruz Biotechnology and Neomarkers
Biotechnical Company, respectively. Immunostaining S-P
kit was purchased from Beijing Zhongshan Biotechnical
Company. Immunohistochemistry was performed as follows:
Formalin-fixed, paraffin-embedded tissue blocks were
serially sectioned at 4 m. Sections were deparaffinized in
xylene and rehydrated before analysis. Endogenous peroxidase
was quenched with 3.0% hydrogen peroxide in methanol
for 10 min; antigen retrieval was performed by microwave
for 15 min and tissue sections were then blocked for
20 min with normal rabbit serum. This was followed by
incubation overnight at 4 ℃ with primary antibody at a
dilution of 1:120 for c-FLIP or 1:100 for p53. Incubation
with PBS instead of the primary antibody served as a
negative control. Sections were washed thrice with PBS for
2 min each and incubated with second antibody for 30 min
at room temperature. After washing thrice with PBS for 2
min each, sections were stained by a streptavidin-peroxidase
detection system. Antibody binding was visualized using
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diaminobenzidine as chromogen and counterstained with
hematoxylin.
The degree of c-FLIP staining was estimated by semiquantitative evaluation and categorized by the extent and
intensity of staining as follows: (1) The extent of positive
cells was estimated as 0: positive staining cells <5%, 1: positive
staining cells 5-25%, 2: positive staining cells 26-50%, 3:
positive staining cells 51-75%, 4: positive staining cells
>75%. (2) The intensity of staining was scored as 0:
achromatic, 1: light yellow, 2: yellow, 3: brown. The percentage
of positive tumor cells and staining intensity were multiplied
to produce a weighted score for each case. Cases with
weighted scores <1 were defined as negative; otherwise were
defined as positive. p53 staining was graded into two grades:
positive cells<5% was defined as negative and ≥5% was
defined as positive.
Semi-quantitative reverse transcriptional (RT)-PCR
After homogenization, total RNAs were extracted from 45
fresh primary colon cancer tissues and paired normal colonic
mucosa, using TRIzol reagent (Invitrogen, San Diego, CA).
First strand cDNA was synthesized from 1 µg of total RNA
using oligo-dT primer and Moloney murine leukemia virus
reverse transcriptase (Promega, Southampton, UK) according
to the instructions of the manufacturers. For PCR, the
primer sequences and expected product sizes were as follows:
c-FLIP L/S, (sense) 5’-TGT TGC TAT AGA TGT GG-3’
and (antisense) 5’- AAG GAT CCT TGA GAC TCT-3’,
512 bp; and -actin, (sense) 5’-TGA CGG GGT CAC CCA
CAC TGT GCC-3’, (antisense) 5’-CTG CAT CCT GTC
GGC AAT GCC AG-3’, 475 bp. The reaction was performed
at 95 ℃ for 2 min, followed by 35 cycles of denaturing at
95 ℃ for 45 s, annealing at 55 ℃ for 45 s and extension at
72 ℃ for 1 min.
The PCR products were analyzed on 2% agarose gels
and visualized by ethidium bromide staining. Quantitation
of expression levels was achieved after adjustment for the
expression levels of the housekeeping gene -actin by
densitometry (Bio-Rad, Hercules, CA, USA). The relative
level of expression was then represented as the ratio of
c-FLIPL/S/-actin in normal tissues and carcinomas.
Statistical analysis
The statistical software package SPSS 10.0 was used and
data were presented as mean±SD. The prevalence of
c-FLIP gene expression in cancers and normal tissues and
its association with p53 mutation were compared by the
Student’s t-test. A P value less than 0.05 was considered to
indicate statistical significance.

RESULTS
Expression of c-FLIP protein in colon
By immunohistochemistry, anti-c-FLIP pAb reacted with
colonic mucosal epithelial cells of normal tissues and the
majorities were light yellow or yellow micro-granules located
in the cytoplasm and/or plasma membranes. In colon cancer,
the positive staining showed yellow or brown coloration in
the cytoplasm and/or plasma membranes (Figure 1). c-FLIPpositive and -negative areas were found within the same
tissue, and the intensity of positive staining was also found
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to vary within a case tested. After multiplying the weighted
c-FLIP scores, the mean expression scores in normal mucosa
ranged from 0 to 9 (5.21±0.86); none of them showed a
brown immunostaining and 6.7% (3/45) showed negative
reactivity. c-FLIP protein was constitutively expressed in
all carcinomas (45/45) and the mean scores ranged from 1
to 12 (7.04±1.20); 71.1% (32/45) of them were brown
immunostained. Moreover, its level was significantly higher
than that of matched normal colonic mucosa (Table 1),
(P<0.01).

Table 1 Expression of c-FLIP gene in colon cancer and matched
normal tissues (mean±SD)
Group

Number

c-FLIP protein

Normal tissue

45

5.21±0.86

Cancer tissue

45

7.04 ±1.20

P

c-FLIP mRNA

<0.01

0.63±0.12

<0.01

Expression of c-FLIP mRNA in colon
We examined mean expression levels of c-FLIP mRNA in
45 colonic carcinomas and their matched normal tissues,
using a semi-quantitative RT-PCR assay. RT-PCR was
controlled by equalization of input RNA for each sample
and comparable amplification efficiencies were validated
by the uniformity of control -actin RT-PCR product yields.
RT-PCR results showed that the adjacent non-tumor
specimens and colon cancer specimens constitutively
expressed c-FLIP mRNA (Figure 2), but the mean expression
levels varied between these tissues. While the mean expression
levels of c-FLIP mRNA (c-FLIP/-actin) in 45 normal
colonic tissues ranged from 0.14 to 0.58 (0.38±0.10), the
levels in 45 carcinomas ranged from 0.40 to 0.83 (0.63±0.12)
(Table 1). Mean c-FLIP mRNA expression in carcinoma was
significantly higher than in normal colonic mucosa (P<0.01).
Expression of mutant p53 protein and its relationship with
expression levels of c-FLIP gene in colon cancer tissues
Immunohistochemical results showed that mutant p53 was
expressed in 60% ( 27/45) colon cancer tissues with positive
staining in the nuclei of tumor cells (Figure 3). To determine
the relationship between p53 protein and c-FLIP level, we
compared the expression level of c-FLIP in p53 positive
cancer group with that in p53 negative group. As a result

Figure 1 c-FLIP (cellular FLICE inhibitory protein) strongly positive staining.
Membrane or cytoplasm of colon cancer cells was stained brown (S-P ×400).
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Number 16

(Table 2), c-FLIP mRNA level was decreased in p53 positive
cancer group compared with p53 negative cancer tissues
(0.59±0.13 vs 0.69±0.14, P<0.01), but c-FLIP protein had
a significantly higher level in p53 positive cancer tissues
than in negative ones (7.57±1.30 vs 6.25±1.27, P<0.01).

Table 2 Correlation between c-FLIP mRNA and protein and p53
mutation in colon cancer (mean±SD)
Group

Number

c-FLIP protein

p53 positive

27

7.57±1.30

p53 negative

18

6.25 ±1.27

P

0.38±0.10

April 28, 2005

N

C

N

P

c-FLIP mRNA

<0.01

0.69±0.14

P

0.59±0.13

C

N

<0.01

C

bp
512

c-FLIP

472

-actin

Figure 2 c-FLIP (cellular FLICE inhibitory protein) mRNA and -actin mRNA
expression in colon cancer tissue (lanes C) and matched normal mucosa
(lanes N).

Figure 3 Immunohistochemical staining for mutant p53 in the nuclei of colon
cancer cells (S-P ×400).

DISCUSSION
In the last decade, basic cancer research has focused on the
deregulation of apoptosis as a central event in the process
of carcinogenesis and a number of studies showed a central
role of apoptosis in tumorigenesis of colon cancer. Varied
regulators of apoptosis including p53, survivin, Fas and
nuclear factor-kappa B have been implicated in the
development of colon cancer[11]. A novel anti-apoptotic gene,
designated c-FLIP, has been demonstrated to be
overexpressed in several human cancers, suggesting an
important role of c-FLIP in cancer development [8-10] .
However, the exact expression status of c-FLIP and its
possible regulation mechanisms in colon cancer have not
been determined.
In this study, we detected the expression level of cFLIP gene in colon cancer by using immunohistochemistry
and RT-PCR. The results showed that the expression of cFLIP gene was frequently upregulated at both mRNA and
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protein levels in colonic carcinoma compared with their
normal counterparts, suggesting that increased expression
of c-FLIP gene was a tumor specific phenomenon and
overexpression of c-FLIP might contribute to tumorigenesis
of colon cancer by abrogating death signals of tumor cells
conducted by death receptors such as Fas, TNF-R, DR3,
TRAIL-R, etc. Recently, Ryu et al [12], also reported that cFLIP was specially overexpressed in colon cancer with the
same positive rates of mRNA and protein as detected in
our experiments, but the positive rate of c-FLIP protein in
normal colonic mucosa was lower than the present research
(89.6% vs 93.3%). We deduced that it was at least partially
due to the different antibodies used to detect the protein
level in immunostaining. The antibody used in the previous
study was designed only to recognize the long form of cFLIP (c-FLIPL); however, the antibody used in our study
was expected to recognize both forms of c-FLIP protein
(c-FLIPL and c-FLIPS), both of which were demonstrated
to act as inhibitors of apoptosis[1,4,7].
Wild type (wt) p53 gene is a tumor suppressor gene,
playing an important role in inducing cell cycle arrest and
apoptosis. Wt p53 gene mutation is one of the most common
genomic alterations in human neoplasia. Because of its short
and unstable half-life, it cannot be detected by immunohistochemical examinations; mutant p53 gene product, a more
stable protein product accumulated in cells having a loss of
its normal function by extending its half-life, may inactivate
the wt p53. As we all know, wt p53 is a well-known transcriptional
activator of target gene and can induce apoptosis depending
on the transcriptional regulation of apoptosis-related genes.
Bartke et al, systematically analyzed mRNA level of about
60 apoptosis-related genes by means of RNAse protection
assays and found that 15% of these genes were significantly
regulated by wt p53. Furthermore, the transcriptional
regulation of wt p53 target genes was based on a common
principle, in which pro-apoptotic factors were upregulated
and anti-apoptotic factors were repressed by p53. However,
c-FLIP was found to be a remarkable exception as its mRNA
was upregulated by wt p53 in colon cancer cell lines[13]. Still
little is known about the relationship between p53 and
c-FLIP in vivo. At the beginning of the current study, we
supposed that c-FLIP mRNA and protein levels would be
downregulated accompanied with p53 mutation. As a result,
c-FLIP mRNA level decreased in mutant p53 positive
cancer group, whereas c-FLIP protein level was significantly
upregulated unexpectedly. It seems this is a contradictory
result. We speculated other mechanisms might act on the
regulation of c-FLIP protein level besides transcriptional
upregulation mechanism. Fukazawa et al [14], have recently
shown that wt p53 could enhance the degradation of FLIP
via a ubiquitin-proteasome pathway resulting in sensitization
of human colon cancer cells to apoptosis. Taken together,
we deduced that wt p53 could also enhance the degradation
of c-FLIP protein in vivo and this effect might be more
potent than the transcriptional upregulation of c-FLIP gene.
Thus, c-FLIP protein level elevated as a result of dramatically
decreased degradation in spite of relatively moderate
downregulation of c-FLIP mRNA when p53 mutated in
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colon cancer. Further studies are needed to validate it.
In summary, our data show that c-FLIP is overexpressed
in colon cancer than in matched normal tissues and may
promote the evasion of tumor cells from apoptosis that
eventually contribute to carcinogenesis and/or progression
of the tumor. p53 may exert transcriptional upregulation
effects on c-FLIP gene in vivo and also a more potent
effect on promoting the degradation of c-FLIP protein in
the mean time.
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Abstract
AIM: To evaluate the correlation between CD4, CD8 cell
infiltration in gastric mucosa, Helicobacter pylori (H pylori)
infection and symptoms or the assemblage of symptoms
in cases with chronic gastritis.
METHODS: Biopsy samples at the gastric antrum were
obtained from 62 patients with chronic gastritis. CD4 and
CD8 cell infiltration was evaluated by immunohistochemical
assays on frozen sections of the biopsy samples. Fifteen
symptoms referring to digestion-related activity and nondigestion related activity were observed. The correlation
between lymphocyte infiltration and each symptom or
symptom assemblage was analyzed by logistic regression
and K-mean cluster methods.
RESULTS: CD4 cell infiltrations in gastric mucosa were
much more in patients with H pylori infection, while
CD8 cell infiltrations were similar in patients with or without
H pylori infection. Logistic regression analysis showed
that the symptoms including heavy feeling in head or body
(t = 2.563), and thirst (t = 2.478) were significantly related
with CD4 cell infiltration in gastric mucosa (P<0.05), and
cool limbs with aversion to cold were related with CD8
cell infiltration (t = 2.872, P <0.05). Further analysis
showed that non-digestive related symptom assemblage
could increase the predicted percentage of CD4 and CD8
cell infiltration in gastric mucosa, including lower CD4
infiltration by 12.5%, higher CD8 infiltration by 33.3%,

and also non-H pylori infection by 23.6%. K-means cluster
analysis of all symptoms and CD4 and CD8 cell infiltration
in gastric mucosa showed a similar tendency to increase
the predicted percentage of CD4, CD8 cell infiltration and
H pylori infection.
CONCLUSION: Based on correlation between the gastric
mucosa lymphocyte infiltration, H pylori infection and
clinical symptoms, symptoms or symptomatic assemblages
play an important role in making further classification of
chronic gastritis, which might help find a more specific
therapy for chronic gastritis.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The role of immune reactions in Helicobacter pylori (H pylori)
infection and chronic gastritis is a research area of rapid
progress[1,2] . It has been recognized that lamina propria
lymphocytes are essential in gastric lesions induced by
H pylori infection[3-5]. However, the correlation concerning
H pylori infection and CD4 and CD8 lymphocytes in gastric
mucosa is not well understood. Moreover, the lack of
cognition for the complex manifestations of chronic gastritis
is another nodus for the effect of subjective symptoms on
the objective pathologic parameters, which may lead to a
further diagnostic classification of chronic gastritis.
To further explore the correlation between the H pylori
infection and CD4 and CD8 cell infiltration in gastric mucosa
in patients with chronic gastritis, a clinical investigation was
designed and a novel analytical method was proposed in this
work. More importantly, the study based on the important
role of subjective symptoms in disease identification in traditional
Chinese medicine (TCM), took a different perspective in
assessing the association between clinical subjective
manifestations and objective parameters including H pylori
infection, CD4 and CD8 cell infiltration in gastric mucosa.
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MATERIALS AND METHODS
Patients
A total of 62 patients with chronic gastritis, who were
diagnosed through gastroscopy and mucosal biopsy, were
included in the present study. All patients were investigated
by the Beijing Traditional Chinese Medicine Hospital in
2002. Among them, 29 were males and 33 were females,
aged from 18 to 65 years with a mean age of 42 years.
Gastric biopsies were histologically evaluated for chronic
gastritis diagnosis according to the criteria of the visual analog
scale in Sydney classification and grading of gastritis[6], and
immunohistologically evaluated for CD4 and CD8 cell
infiltrations[7].

was much more in the cases with H pylori infection, while
CD8 cell infiltrations were similar in patients with or without
H pylori infection (Figure 1). The results suggested that CD4
cell infiltrations were positively related with H pylori infection.

Table 1 Changes CD4 and CD8 cells in H pylori positive and negative
cases (mean±SD)
HP infection

n

Positive

45

9 102.82±2 747.18a

6 285.67±3 308.74

Negative

17

6 255.33±3 284.88

6 992.91±3 524.89

a

Symptom observation
Fifteen common clinical symptoms based on TCM were
observed as follows. Digestion-related symptoms included
stomachache, distending fullness in stomach, abdomen,
nausea or vomit, acid regurgitation and epigastric upset,
diarrhea, hard stool, and constipation. Non-digestion related
symptoms included weakness of body or faint limbs, lower
spirit, heavy feeling in head or whole body, irritating, distending
fullness in the chest, thirst, weak taste without thirst, cool
limbs with aversion to cold. The symptoms observed on the
day of biopsy were taken for the analysis.
Statistical analysis
SPSS 11.5 statistical package program was used for data
analysis. The variables were processed by ANVOA analysis
and logistic regression analysis, respectively. The clusters
of CD4, CD8 cell infiltrations and symptoms were analyzed
by k-means cluster method for further ANOVA and logistic
regression analyses.

RESULTS
Table 1 shows that CD4 cell infiltrations in gastric mucosa

CD4

CD8

P<0.05 vs negative cases.

Diagnosis of H pylori infection
Three specimens of gastric mucosa were obtained from each
patient via endoscopy. Gastric mucosa was sampled from
the area of greater curvature at gastric antrum, H pylori infection
was determined by pathological staining with hematoxylin and
eosin (HE) followed by Giemsato. Under a microscope,
H pylori could be observed as a typical curve like S. It looked
like a short bacillus or a globular body with a slight curve.
Detection of CD4 and CD8 cells in gastric mucosa
Gastric mucosa tissues were sampled by gastric mucosal
biopsy from the antrum of each patient. Immunohistochemical
assay was used to detect the infiltration of CD4 and CD8
cells in gastric mucosa frozen sections. The test kits were
from Vector Laboratory (Vector Stain ABC Kits). Briefly,
for the detection of CD4 and CD8 cells, the first antibodies
were rabbit anti-human antibodies, and the second antibodies
were goat anti-rabbit antibodies, and the samples were stained
with DAB (Sigma, USA). Positive granules could be observed.
The average of positive granules of three samples from
Q-win DC100 image analysis was used for further statistical
analysis.
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Figure 1 Difference of CD4 and CD8 cell infiltrations in gastric mucosa between
H pylori positive and negative cases (P<0.05).

Table 2 shows the importance of each symptom in CD4
cell infiltrations in gastric mucosa (logistic regression). It
demonstrated that the heavy feeling of head or body and
thirst were significantly related with CD4 cell infiltrations
(P<0.05).

Table 2 Correlation between symptoms and CD4 cell infiltrations
P

Symptom

P = 0.01–0.05

Heavy head or heavy body (t = 2.563), thirst (t = 2.478)

P = 0.06–0.2

Lower spirit, weakness of body or faint limbs, irritation

P = 0.21–0.5

Stomachache, hard stool, weak taste without thirst, distending
fullness in chest, cool limbs with aversion to cold

P>0.6

Distending fullness in abdomen, diarrhea, constipation, acid
regurgitation and epigastric upset, nausea or vomiting

Table 3 shows the importance of each symptom in CD8
cell infiltrations in gastric mucosa (logistic regression). It
demonstrated that the cool limbs with aversion to cold were
significantly related with CD8 cell infiltrations (P<0.05).
Referring to the results in Tables 2 and 3, the non-digestion
related symptoms might have positive relations with CD4
and CD8 cell infiltrations in gastric mucosa. Thus, the
symptoms were classified into two groups of digestion and
non-digestion related symptoms based on the common
clinical results, and then the data were analyzed with logistic
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regression for the relationship between the assemblage of
symptoms, clusters of CD4 or CD8 cell infiltrations, and
H pylori infection (Tables 4 and 5).

Table 3 Correlation between symptoms and CD8 cell infiltrations
P

Symptom

P = 0.01–0.05

Cool limbs with aversion to cold (t = 2.872)

P = 0.06–0.2

Stomachache, nausea or vomiting

P = 0.21–0.5

Weakness of body or faint limbs

P>0.6

Heavy feeling of head or body, thirst, distending fullness in
abdomen, diarrhea, constipation, acid regurgitation and
epigastric upset, hard stool, weak taste without thirst,
distending fullness in chest, lower spirit, irritation

Table 4 Effect of symptom assemblages on the predicted percentage of CD4 and CD8 cell infiltrations
Symptom
Digestion related

Non-digestion related

Cell level

Predicted
percentage of CD4

Predicted
percentage of CD8

Lower

62.5

Higher

62.1

16.7

Overall

62.3

60.7

Lower

75.0

83.8

Higher

58.6

50.0

Overall

67.2

70.5

89.2

Table 5 Effect of symptom assemblages on the predicted percentage of H pylori infection
Symptom

H pylori infection

Digestion related

Predicted percentage

Negative

Non-digestion related

17.6

Positive

95.5

Overall

73.8

Negative

41.2

Positive

93.2

Overall

78.7

Table 4 shows that the non-digestion related symptom
assemblage could increase the predicted percentage of CD4
cell infiltrations. Lower CD4 infiltration was increased by
12.5%, higher CD4 infiltration was increased by 3.5% and
the total increase was 5.1%. Table 4 also shows that the
non-digestion related symptom assemblage could affect the
predicted percentage of CD8 cell infiltrations. Higher CD8
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infiltration was increased 33.3% and the total increase was
9.8%, and lower CD8 infiltration was decreased 5.4%. The
results suggested that the non-digestion related symptom
assemblage might have positive relations with CD4 and CD8
cell infiltrations in gastric mucosa.
Table 5 shows that the non-digestive related symptom
assemblage could increase the predicted percentage of patients
with or without H pylori infection. It was increased 23.6%
in patients without H pylori infection and the total increase
was 4.9%, and was similar in patients with H pylori infection.
In order to further explore the importance of symptom
assemblages in CD4 and CD8 cell infiltrations in gastric
mucosa, the cases were classified into two categories via Kmean cluster analysis according to the clinical manifestations,
and then the relationship between the two categories of
symptoms and CD4, CD8 cell infiltrations was analyzed by
logistic regression method (Table 6).
Table 6 shows that the digestion related symptoms
including distending fullness in abdomen, stomachache,
diarrhea, regurgitation and epigastric upset were clustered
into category 1, and the others including all non-digestion
related symptoms were clustered into category 2. The
symptom assemblage in category 2 could affect the predicted
percentage of CD4 cell infiltration. Lower CD4 infiltration
was increased 9.3%, higher CD4 infiltration was increased
17.3% and the total increase was 2.3%. Table 6 also shows
that the symptom assemblage in category 2 could affect the
predicted percentage of CD8 cell infiltration. Lower CD8
was decreased 9.9%, higher CD8 was increased 58.3% and
the total increase was 11.4%. Table 6 also shows that the
symptom assemblage in category 2 could affect the predicted
percentage of H pylori infection. It was increased by 35.5%
in patients without H pylori infection and the total increase
was 3.3%, and was similar in patients with H pylori infection.
The results in Tables 4-6 further suggested that there
might be a positive relationship between the subjective
manifestations and the objective parameters (CD4 and CD8
cell infiltrations). To further explore their relationships in
chronic gastritis, all cases were classified into two categories
via K-mean cluster analysis based on the symptoms, CD4
and CD8 cell infiltrations, and then the symptom differences
between the two clusters of patients were analyzed by
ANOVA.
Table 7 shows the importance of each symptom in the
two clusters. It showed that the weakness of body or faint
limbs, lower spirit, hard stool, played a significant role in
the cluster identification (P<0.05) while constipation, thirst,
distending fullness in chest, nausea or vomiting, had a

Table 6 Effect of symptom assemblage based on K-mean cluster analysis on the predicted percentage of CD4 and CD8 infiltrations and
H pylori infection
Symptom
Category one1

Category two1

1

Infiltration

Predicted percentage of CD4

Predicted percentage of CD8
100
0

H pylori infection
Negative
Positive

Predicted percentage

Lower
Higher

78.1
44.8

0
100

Overall

62.3

60.7

Overall

Lower

68.8

81.1

Negative

35.3

Higher
Overall

62.1
65.6

58.3
72.1

Positive
Overall

90.9
75.4

72.1

Category one included distending fullness in abdomen, stomachache, diarrhea, regurgitation and epigastric upset, and category two had other symptoms.
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potential role in the two cluster identification (P = 0.06-0.2).
The results in Table 7 were similar to those in Tables 2-6,
and further suggested that the non-digestion related
symptoms or symptom assemblage were positively related
with CD4 and CD8 cell infiltrations.

Table 7 Difference of s ymptoms between the two clusters of
cases based on the symptoms, CD4 and CD8 cell infiltrations
P

Symptom

P = 0.01–0.05

Weakness of body or faint limbs (F = 5.005), lower
spirit (F = 5.750), hard stool (F = 5.835)

P = 0.06–0.2

Constipation, thirst, distending fullness in chest,

P = 0.21–0.5

Stomachache, diarrhea, weak taste without thirst,

nausea or vomiting

cool limbs with aversion to cold
P>0.6

Heavy feeling of head or body, distending fullness in
abdomen, acid regurgitation and epigastric upset,
irritation

DISCUSSION
Chronic gastritis is related to H pylori infection, which may
cause immunological reactions in peripheral mononuclear
cells. The activity and characteristics of peripheral
mononuclear cells may differ in ulcer and non-ulcer patients
infected with H pylori[3] . It has been reported that CD4
cells are sensitized in vivo and migrate to gastric mucosa
where they induce gastritis in response to H pylori antigens,
suggesting that CD4-dependent H pylori gastritis could lead
to epithelial damage with proliferative and metaplastic
responses[4,5,7] . The number of activated cytotoxic lamina
propria lymphocytes was increased in gastric mucosa
affected with acute gastric mucosal lesions, suggesting that
lymphocytes are crucial in the pathogenesis of gastric
lesions[8-10]. Yuceyar et al[11], found that there was no obvious
alteration in total T and B lymphocytes and CD4+ T, CD8+
T lymphocytes and natural killer cells in chronic antral
gastritis patients compared to normal persons, suggesting
that there is no systemic alteration in the specific immune
system in response to H pylori in patients with chronic antral
gastritis[11] . Itoh et al [12], found that gastric T cells were
differentiated to produce a large amount of IFN-gamma
by a mechanism unrelated to H pylori infection. H pylori
infection appeared to activate T cells to secrete even more
IFN-, which might contribute to maintaining a perpetual
inflammation in H pylori-infected stomach. Our results
showed that CD4 cells in gastric mucosa were much more
in patients with H pylori infection, while CD8 cells were
similar in patients with or without H pylori infection (Table 1).
However, the mechanism how CD4 cells affect gastric
mucosal lesions remains unclear.
The clinical manifestations of CG patients are intricate.
They are divergent due to the pathological changes of gastric
mucosa, and are affected by environmental factors. However,
the relationship between the divergent manifestations and
pathological changes is not completely understood. The study
on chronic gastritis has shown that proper assemblages of
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symptoms could improve the accuracy of H pylori infection
classification, and improper assemblages could decrease the
accuracy of H pylori infection classification. Our results in
this paper showed that the symptoms including the heavy
feeling of head or body and thirst were significantly related
with CD4 cell distributions in gastric mucosa (P<0.05), and
cool limbs with aversion to cold were related with CD8
cells (P<0.05). Also the symptoms including lower spirit,
weakness of body or faint limbs and irritation were related
with CD4 cell distributions (P = 0.06-0.2), while stomachache,
nausea or vomiting were related with CD8 cells (P=0.06-0.2),
suggesting that the different objective symptoms might
play different roles in H pylori infection and lymphocyte
infiltrations in gastric mucosa. Further logistic analysis
showed that non-digestion related symptom assemblage
could increase the predicted percentage of CD4 and CD8
cells in gastric mucosa, and the percentage of non-H pylori
infection to some degree (Tables 2 and 3). Also the symptom
assemblages classified with K-mean cluster analysis showed
similar results in predicting the percentage of H pylori
infection, lymphocyte infiltration (Tables 4 and 5). The results
showed that the proper combination of symptoms might
play a more important role in predicting the percentage of
H pylori infection and lymphocyte infiltration. To further
explore the contribution of symptom assemblages to CD4
and CD8 cell distributions in gastric mucosa, the cases were
classified into two categories via K-mean cluster analysis
according to the clinical manifestations, and then the
relationship between the two categories of symptoms and
CD4, CD8 cells was analyzed by logistic regression method.
The results showed that digestion-related symptoms including
distending fullness in abdomen, stomachache, diarrhea,
regurgitation and epigastric upset were clustered into
category 1, and the others including all non-digestion related
symptoms were clustered into category 2. The symptom
assemblage in category 2 could affect the predicted percentage
of lymphocyte infiltration in gastric mucosa and H pylori
infection (Table 6). Our further analysis on the two cluster
symptoms via ANOVA showed that the symptoms, such as
weakness of body or faint limbs, lower spirit, hard stool,
played a significant role in classification of the two symptom
assemblages (P<0.05), and the results further suggested that
different symptoms might play different roles in H pylori
infection and lymphocyte infiltration in gastric mucosa, and
that the non-digestion related symptoms played a more
important role in H pylori infection and lymphocyte
infiltration in gastric mucosa.
Similar results on the positive relationship between
subjective symptoms or symptom assemblages and objective
parameter such as pathological changes and therapeutic
effects, are described in detail in TCM. The identification
of diseases (Zheng identification, or Zheng differentiation)
in TCM depends on the information obtained from the
interrogation, auscultation, inspection and pulse-feeling, and
the major characteristics of the information are its subjectivity.
The long history of TCM has proven that the subjective
symptoms play a more important role in the diagnosis and
treatment of diseases. Our results indicate that further
studies on the relationship between subjective symptoms
and objective parameters are needed.
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In conclusion, the symptoms or symptomatic assemblages
have a positive correlation with CD4, CD8 cells and H pylori
infection, and might play an important role in making further
classification of chronic gastritis, which might help to find
a more specific therapy for different groups of chronic
gastritis.
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Abstract
AIM: To investigate the combination effect of hTERT antisense
oligonucleotide “Cantide” and three chemotherapeutic
drugs (cisplatin, 5-fluorouracil (5-FU) and adriamycin
(ADM)) on inhibiting the proliferation of HepG2, BGC and
A549 cell lines in vitro, and to investigate the efficacy of
Cantide used in combination with cisplatin (DDP) in vivo.
METHODS: Cantide was transfected into these tumor cells
by Lipofectin, and cell growth activity was calculated by
microcytotoxicity assay. In vivo study, cells of HepG2 were
implanted in Balb/c nude mice for 4 d. Then Cantide, DDP
and Cantide+DDP were given intraperitoneally for 24 d
respectively. The body weights of the tumor-bearing
animals and their tumor mass were measured later to
assess the effect of combination therapy in the nude mice.
To evaluate the interaction of Cantide and these
chemotherapeutic drugs, SAS software and Jin Zhengjun
method were used.
RESULTS: Combination treatments with 0.1 mol/L Cantide
reduced the IC50 of DDP, 5-FU and ADM from 1.07, 4.15
and 0.29 g/mL to 0.25, 1.52 and 0.12 g/mL respectively.
The inhibition ability of DDP, 5-FU and ADM respectively
in combination with Cantide in these tumor cells was higher
than that of these drugs alone (P<0.0001). And synergism
(Q≥1.15) was observed at the lower concentration of DDP
(≤1 g/mL), 5-FU (≤10 g/mL) and ADM (≤0.1 g/mL)
with combination of Cantide. In vivo, combination treatment
with Cantide and DDP produced the greater growth
inhibition of human liver carcinoma cells HepG2 in nude
mice (0.65±0.19 g tumor) compared with that when only
one of these drugs was used (Cantide group: 1.05±0.16 g
tumor, P = 0.0009<0.001; DDP group: 1.13±0.09 g tumor,

P = 0.0001<0.001).
CONCLUSION: These findings indicate that Cantide may
enhance therapeutic effectiveness of chemotherapeutic
drugs over a wide range of tumor cells in vitro, and the
combination use of Cantide and DDP can produce much
higher inhibition rates, as compared with when either of
these drugs was used only in vivo.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In some areas of the world, cancer has become or shortly
will become the leading disease-related cause of death in
human beings[1]. In contrast, there are still many inadequate
medical treatments of cancer. The main curative therapies
for cancer surgery and radiation can be only successful in
general if the cancer is found at an early stage and is
localized. Currently conventional chemotherapy for treatment
of the advanced tumors, although quite effective, has been
associated with toxicities to normal tissue and organs, which
is still a major dose limited factor. And chemoresistance is
another major obstacle for successful treatment of cancer[2].
So it is difficult to remove these tumor cell contaminants
with the use of the conventional chemotherapy only. It is
clear that new therapeutic options are necessary.
Recent progresses in identification and characterization of
new molecular targets for cancer and the limited effectiveness
of conventional treatment strategies have attracted considerable
attention on the development of new types of anticancer
drugs. These new drugs would be highly specific for
malignant cells with minimized side effects due to well-defined
mechanisms of action. Antisense oligodeoxynucleotides
(ASODNs) are a new drug they are short, synthetic stretches
of DNA which can hybridize with specific mRNA strands
that correspond to target genes. By binding to the mRNA,
ASODN prevents the sequence of the target gene from
being converted into a protein, thereby blocking the action
of the gene[3]. So ASODNs have been extensively considered
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for the down regulation of oncogenes in cancer therapy[4].
And a more recent approach was the use of ASODNs in
combination with conventional chemotherapy for potential
anticancer therapy[5-7]. Combination therapy of ASODNs
and cytotoxic drugs potentially has several advantages
including lower doses of chemotherapeutic drugs, less side
effects on normal cells and loss of chemoresistance. Hopefully
the combination therapy will serve as a base for more effective
elimination of tumor cells[8].
In our previous studies it was demonstrated that tumor
cells treated with Cantide, an ASODN targeted to human
telomerase reverse transcriptase (hTERT) mRNA, resulted
in a relatively rapid decrease of tumor cells’ growth in vitro.
Cytotoxic effect of Cantide was also compared with the
sense, random and mismatched ODNs as control sequences.
Only Cantide has potent inhibitory effect on tumor cells
proliferation[9]. In vivo treatment of HepG2 tumor xenografts
with Cantide significantly retarded the growth of the tumors.
In this study, to explore the potential of Cantide used in
combination with chemotherapeutic drugs on inhibition of
human tumor cells’ growth, the cytotoxic interaction between
Cantide and three chemotherapeutic drugs cisplatin (DDP),
5-fluorouracil (5-FU) and adriamycin (ADM) are analyzed
in vitro and investigation of the efficacy of Cantide in
combination with DDP in vivo is presented.

MATERIALS AND METHODS
Cell and culture condition
Human hepatocellular carcinoma cell (HepG2) was
obtained from American Type Culture Collection. Human
lung adenocarcinoma cells (A549) and human gastric cells
(BGC823) were obtained from Chinese National Cancer
Institute, Chinese Academy of Medical Science. HepG2 and
BGC823 cells were cultured in DMEM (GIBCO BRL, Grand
Island, NY, USA), supplemented with 10% FCS (GIBCO
BRL), 100 U/mL penicillin and 100 U/mL streptomycin.
A549 were cultured in RPMI-1640 (GIBCO BRL),
supplemented with 10% FBS (GIBCO BRL), 100 U/mL
penicillin and 100 U/mL streptomycin. Tumor cells were kept
at 37 ℃ in a humidified atmosphere containing 50 mL/L
CO2.
Chemotherapeutic drugs
Cisplatin (DDP) was obtained from Qilu Pharmaceutical
General Factory, China. 5-FU was obtained from Tianjin
people’s Pharmaceutical Factory, China. ADM was obtained
from Hisun Pharmaceutical Co. Ltd, China.
Synthesis of Cantide
The antisense phosphorothioate oligodeoxynucleotides
“Cantide” (5’-ACTCACTCAGGCCTCAGACT-3’) was
synthesized on solid supports using Oligo Pilot II DNA
(Amersham-Pharmacia, USA) and purified by HPLC Prep
4000 (Waters Delta, USA) with SOURCE 15Q (AmershamPharmacia, USA).
Evaluation of the effect of Cantide used in combination with
chemotherapeutic drugs on inhibiting proliferation of HepG2 cells
HepG2 cells were seeded at a density of 4×10 3 cells/well
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flat-bottomed plates (100 µL/well). After 24 h, culture
medium was removed and the cells were washed with fresh
FCS-free DMEM. In the above-mentioned medium, Cantide
was delivered into these cells in the form of complex with
Lipofectin (Invitrogen, USA) as described in the direction of
Lipofectin. Using this method, three samples of concentrations
(0.1, 0.2, 0.4 µmol/L) of Cantide were transfected into
HepG2. After incubating for 6 h, 100 µL of cell culture
medium with different chemotherapeutic drugs was replaced
in each well. And five concentrations around the IC50 of
each chemotherapeutic drugs (DDP: 0.25, 0.5, 1, 2, 4 µg/mL;
5-FU: 1.0, 2.5, 5, 10, 20 µg/mL; ADM: 0.025, 0.05, 0.1, 0.2,
0.4 µg/mL) were used. Each anticancer drugs’ different
concentrations was used in combination with Cantide’s three
concentrations (0.1, 0.2, 0.4 µmol/L) respectively, and each
test group was tested thrice. At the same time, treatments
with Cantide alone and either of the anticancer drugs were
assayed, and treatments with cell culture medium without
any drugs were used as control tests. After 72-h incubation,
20 µL of MTS (Promega, USA) was added in each well,
followed by a 90-min incubation at 37 ℃. Inhibition rate (IR)
of tumor cells proliferation was assessed according to
absorption at 490 nm using a Victor 1420 Multilable Counter
(WALLAC, USA).
Analysis of the antitumor profile of combination treatment
with Cantide and chemotherapeutic drugs
Human hepatocellular carcinoma cells (HepG2), human lung
adenocarcinoma cell lines (A549) and human gastric tumor
cells (BGC823) were tested and results obtained are presented
in this paper. A549 and BGC823 cells were treated as what
was done with HepG2 cells (as described above), but the
ranges of concentrations of anticancer drugs were different
according to different cell lines.
Tumors and mice
Female 4-5-wk-old Balb/c nude mice were purchased from
Center for Animals for Experiment, Chinese Academy of
Medical Science. HepG2 tumor cells cultured in vitro and
6×10 6 cells were injected into the neck of the nude mice.
Four days later, the tumor could be sensed by touch.
Treatment in vivo
The above-mentioned nude mice were divided into four
groups (n = 7-8 mice/group). Cantide only group: Cantide
was dissolved in saline and administered intraperitoneally
(i.p.) 50 mg/kg daily for 24 consecutive days; DDP only
group: DDP was dissolved in saline and administered
intraperitoneally (i.p.) 1 mg/kg every other day for seven
times totally; Combination treatment group: the nude mice
were treated by Cantide plus DDP as described above; and
negative control group (saline, i.p.). Tumor size was measured
in two dimensions by calipers every 3 d, and the volume
was calculated as length×width2×0.52. The nude mice were
then killed and the solid tumors were peeled off on the 27th d
after treatment. Then their tumors were weighed and IR
calculated.
Statistical analysis
The software package for statistical analyses was SAS 6.12,
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Figure 1 HepG2 cells’ growth inhibited by Cantide, DDP(A), 5-FU(B) and ADM
(C) only and at the indicated combinations on HepG2 cells. The dots represent
the concentrations of chemotherapeutic drugs as 0 on the dose-response curves
which means treatments with Cantide only. The cells were treated with Cantide
complexed to Lipofectin for 6 h at 37 ℃. The medium was then replaced with

media containing various concentrations of DDP, 5-FU and ADM. After 72 h of
incubation, MTT assay was performed. Absorbance at 490 nm was normalized
to the control, untreated cells to determine cell viability. Each value represents
the mean±SD from triplicate determination.

and factorial design was used in the treatments in vitro, while
t test was performed to assess potentially significant
differences between individual groups of observations in
vivo. In all tests, the significance of differences was accepted
at P<0.05.

the cytotoxicity of DDP, 5-FU and ADM on HepG2 cells.
And analysis with SAS software demonstrates statistically
significant differences between any of the various singledrug treatments and combination treatment as indicated
(P<0.0001).

Analysis of the interaction between Cantide and anticancer
drugs
To analyze the interaction between Cantide and the three
anticancer drugs, Zheng-Jun Jin method[10] was used. This
method provides a “Q” value, according to which the
interaction between two drugs can be classified as antagonistic
effect (Q≤0.85), additive effect (0.85≤Q<1.15) or
synergistic effect (Q≥1.15). And the formula is Q = Ea+b/
(Ea+Eb-Ea×Eb), where Ea+b, Ea and Eb are average effect
of combination treatment, effect of drug A only and effect
of drug B only, respectively.

Cantide synergistically interacts with chemotherapeutic drugs
on HepG2
To investigate the nature of the interaction between Cantide
and the anticancer drugs on HepG2 cells, Zheng-Jun Jin
method[10] was used to analyze the cytotoxicity data for
antagonism, additivity or synergy. Q values in Figure 2
indicate that the synergistic effects appeared for the
combinations of Cantide with lower concentrations of
anticancer drugs. Furthermore, Figure 2A shows that the
combination treatments of DDP plus Cantide obtained
better synergistic effects than those of other anti-drugs’
combinations. The top Q value for combination treatment
of Cantide and DDP was 2.08.

RESULTS
Cantide increases the cytotoxicity of DDP, 5-FU and ADM on
HepG2
Cantide can decrease proliferation of HepG2 and increase
HepG2 cells’ sensitivity to anticancer treatment. For
each experiment, dose-response curves of each single
chemotherapeutic drug and its combination with Cantide at
different doses were performed. Figure 1A shows that the
drug concentration causing 50% growth inhibition (IC50) of
treatment of HepG2 cells with DDP only is 1.00 g/mL,
and IC 50 of treatment of HepG2 cells with DDP in
combination with Cantide (0.1 mol/L) is 0.25 g/mL. On
the other hand, DDP can also increase the efficacy of
Cantide. For example, 0.1 mol/L Cantide used only (the
dot which corresponds to 0 concentration of DDP on the
dose-response curves) and when it was used in combination
with 0.5 g/mL DDP reduced the cell viability from 80%
to 35%. Figure 1B indicates that combination treatment
with 0.1 mol/L Cantide reduced the IC50 of 5-FU from 4.15
to 1.52 g/mL. And combination treatment with 0.1 mol/L
Cantide reduced the IC50 of ADM from 0.29 to 0.12 g/mL
(Figure 1C). The dose-response curves obtained from the
combination experiments indicate that Cantide increased

Inhibition effects of combination treatment with Cantide and
chemotherapeutic drugs on different tumor cells
It was confirmed that the reduced cell growth rate in a
variety of carcinoma cells upon treatment with single drug
or the various combination treatments was due to the
induction of cell death and cell viability calculated with
microcytotoxicity assay (MTT) assays. As shown in Table 1,
these values represent IC50 of chemotherapeutic drugs only
and those of various combinations with Cantide on BGC
and A549 cells. Values in first column with concentration
treatments of Cantide are 0.0 (mol/L) represent treatments
with chemotherapeutic drugs only. And values in the next
three columns represent IC 50 of chemotherapeutic drugs
in combination with Cantide. Similar results were obtained
in cultures with BGC and A549 cells that combination
treatments could decrease the IC50 of anticancer drugs.
Antitumor effects of Cantide used in combination with DDP
on human liver tumor xenografts
On the 4 th d after injecting HepG2 cell into these nude
mice, the tumor could be sensed by touching and the
volumes of tumors were approximately equal. Then these
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dose-response curves shown in Figure 1 and analyzed with Zheng-Jun Jin
method.

mice were divided into four treatment groups: DDP only,
Cantide only, DDP+Cantide and control group. Six days
later, the differences between the average tumor volume
of the control group and each of those of the three treatment
groups were statistically significant respectively (all P<0.05).
And the tumor volume of combination therapy group
increased less than that of any other treatment groups.
Twelve days later, the volume of tumor in the combination
treatment group was significantly smaller than those in the
single drug therapy groups (P<0.05). When the test came to
the end, the tumor volume of all groups were as follows: control,
1 995.21±342.77 mm2; DDP 1 mg/kg, 1 107.07±222.66;
Cantide 50 mg/kg, 1 022.88±284.70 mm2; DDP 1 mg/kg+
Cantide 50 mg/kg, 729.86±128.04 mm2 (P<0.01) (Figure 3).
After these nude mice were killed, the solid tumors were
peeled off to measure their weights and calculate the IR.
The IR of combination therapy was 70.0% and it was
significantly greater than the IR of the single drug therapy
groups (P<0.001), where DDP and Cantide were 47.9%
and 51.6% respectively (Table 2). And compared with single
drug groups, the combination therapy had no significant
side effect on nude mice.

DISCUSSION
Telomerase is an RNA-dependent DNA polymerase that
synthesizes telomeric DNA sequences and almost universally
provides the molecular basis for unlimited proliferation
potential. Since first discovered in Tetrahymena thermophila in
1985[11], telomerase activity was found to be absent in most
normal human somatic cells but present in over 90% of
cancerous cells and in vitro immortalized cells[12,13] . The
holoenzyme consists of two essential components: one is a
functional RNA component (hTR)[14,15], which serves as a
template for telomeric DNA synthesis; the other is a catalytic
protein (hTERT) with reverse transcriptase activity[16-19]. hTR
is highly expressed in all tissues regardless of telomerase
activity[20], with cancer cells generally having five-fold higher
expression than normal cells. On the contrary, the
expression (mRNA) of hTERT is estimated at less than
1-5 copies per cell and is closely associated with telomerase
activity in cells. hTERT is generally repressed in normal
cells and upregulated in immortal cells, suggesting that
hTERT is the primary determinant for the enzyme activity
[21,22]
. Thus, inhibition of hTERT function is expected to
be particularly effective on tumors. And there are some
studies which prove that inhibition of telomerase could
increase the sensitivity of DNA damaging drugs to tumor
cells[23,24]. So, based on our previous studies[9], we investigated
the ability of Cantide, an ASODN against hTERT mRNA,
to sensitize carcinoma cells to hemotherapy and searched
for antisense-drug combinations that could produce
synergistic cytotoxicity.

Table 1 IC 50 of chemotherapeutic drugs only or that of combination
treatments (g/mL)
Concentration of Cantide (mol/L)
Tumor cell
lines

BGC

A549

Chemotherapeutic
drugs
DDP
5-FU
ADM
DDP
5-FU
ADM

0.0

0.1

0.2

0.4

0.45
10.28
0.60
5.43
9.69
0.76

0.36
7.84
0.43
3.21
9.06
0.71

0.27
2.17
0.38
2.04
5.34
0.60

0.15
1.70
0.11
0.96
0.31
0.43

Table 2 Tumor weights after treatment
Group

Tumor weight (g)

Inhibitory rate (%)

Control

2.17±0.31

0.0

Cantide

1.05±0.16

51.6

DDP

1.13±0.09

47.9

Cantide+DDP

0.65±0.19

70.0

Cantide+DDP group is significantly different from any group treated with a
single drug: P = 0.0009<0.001 vs Cantide group; P = 0.0001<0.001 vs DDP group
(t test). The results are expressed as mean±SD of 7–8 mice per group.

Tumor volume (mm3)

Figure 2 Q values for the combination treatments of Cantide with DDP (A), 5FU (B) and ADM (C) tested on HepG2 cells. Q values were calculated from the
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Figure 3 Tumor growth curves for Balb/c nude mice after treatment with DDP,
Cantide or DDP+Cantide. Points for these groups represent the average values
for 7-8 mice.
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In this study, the cell lines HepG2, A549 and BGC were
treated with Cantide, DDP, 5-FU or ADM only, or with
different combinations of Cantide and chemotherapeutic
drugs. As the example of HepG2 cells, the results showed
that the inhibition ability of DDP, 5-FU and ADM
respectively when used in combination with Cantide on
HepG2 cells was higher than any of those when only one
of the drugs was used (P<0.0001). And synergism (Q≥1.15)
was observed for lower concentration of DDP (≤1 g/mL),
5-FU (≤10 g/mL) and ADM (≤0.1 g/mL) for combination
treatment with Cantide. In order to explore the inhibitory
effects of combination treatments in different tumor cells
further, the cell lines A549 and BGC were tested with the
same methods as that for HepG2 cells. The data also
demonstrated that combination treatment for these tumor
cell lines with Cantide plus anticancer drugs synergistically
induced greater growth inhibition of cancer cells when
compared with treatment in which either one of the drugs
was used. In vivo test, the results of the tumor growth
delay assays were used for Cantide (50 mg/kg) only, DDP
(1 mg/kg) only and Cantide (50 mg/kg)+DDP (1 mg/kg)
in nude mice with intraperitoneal injection (i.p). The IR of
tumor growth of combination therapy was significantly greater
than that of any therapy using only one drug (P<0.001).
These findings could encourage further research in
antisense therapy where Cantide is used in combination with
chemotherapeutic drugs, and our conclusions are also
supported by recent work of others showing the relationship
between telomerase and chemotherapeutic drugs.
Cisplatin (DDP) is frequently prescribed for the treatment
of a wide variety of neoplasms. It causes DNA strand break
especially at guanine residues. Several possibilities exist as
to how cisplatin might interfere with telomerase function[25].
One possibility is that the telomeric repeat sequence (TTAGGG)
n could be cross-linked as G-Pt-G, A-Pt-G or G-Pt-T-Pt-G.
Alternatively, interactions of cisplatin with essential sulfhydryl
groups in the protein part of the enzyme are also possible.
Furthermore, there is evidence that cisplatin might disable
transcription of the telomerase-RNA encoding gene region,
as the expression of human telomerase RNA component,
measured using the hTR-specific TRC3 primers, was
significantly decreased[26]. Since cisplatin’s effect on telomerase
activity is distinct from other cytotoxic drugs as described
above, one might propose that inhibition of telomerase
activity could, in part, contribute to cisplatin’s remarkable
efficacy against tumors and thus inhibition of telomerase
activity might have therapeutic potential.
ADM promotes apoptotic cell death in a variety of
experimental tumor cell lines[27] . It is found that ADMinduced DNA damage appears to preferentially target
chromosome ends resulting in substantial telomere-related
cytogenetic abnormalities, indicating that the observed
senescence is due to telomere dysfunction[28].
5-FU, an inhibitor of thymidylate synthase, was shown
to be more cytotoxic when used in combination with ASODN
specific for thymidylate synthase mRNA. And Mitsui et al
[29]
, found that some cancer cells exposed to 5-FU showed a
diminished telomerase activity preceded by a time-dependent
decrease in the mRNA expression of hTERT. Thus,
therapeutic strategies involving applications of ASODN in
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combination with conventional cytotoxics appear promising
for potential cancer therapy[30].
Although a critical and careful evaluation of telomere
inhibitors in cancer chemotherapy in vivo is certainly required,
and further studies on the mechanism of combination
therapy are needed, our present data indicate that Cantide,
the inhibitor of telomerase maintenance, may act to make
cancers chemosensitize to DDP, 5-FU and ADM. Thus, it
can encourage the development and evaluation of this
therapeutic combination of drug applications.
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Abstract
AIM: To study the inhibitory effects of siRNAs targeting
different hTERT sequences and to screen the effective
siRNA sequence.
METHODS: Five double-stranded siRNAs targeting coding
and non-coding regions of hTERT gene were designed
and synthesized by T7 transcription system in vitro. siRNA4
sequence was screened by full length gene targeting
technique and the rest of the siRNA sequences were
selected randomly. After being purified by ethanol
precipitation, the siRNAs were transfected to the human
hepatocellular carcinoma cell (HepG2) by Lipofectamine
2000TM. At 48-72 h after siRNAs transfection, MTT assay,
RT-PCR and Western-blot were applied to evaluate the
effects of siRNAs on cell growth, mRNA and protein
expression level of hTERT gene, respectively.
RESULTS: Compared to the control cells, the cells treated
with the five double-stranded siRNAs exhibited different
degrees of inhibition of cell proliferation in a dose-dependent
manner. siRNA2 and siRNA4, exhibited obvious effects of
inhibiting hTERT mRNA and protein expression in HepG2
cells.
CONCLUSION: siRNAs targeting different hTERT
sequences have significantly various inhibitory effects on
hTERT gene expression. The siRNA sequence screened
by full length gene targeting technique has comparable
inhibitory effect with the rest siRNA sequences screened
by random selection, suggesting that siRNAs and antisense
oligonucleic acids may have the same effective target
sites. Compared with chemical synthesis method,
synthesizing double-stranded siRNA by T7 transcription
system in vitro is a rapid, simple, and inexpensive method
suitable for screening high-effect siRNA targeting site
for specific gene.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Telomerase enzyme complex have two major subunits
contributing to enzymatic activity: a structural RNA
component (human telomerase RNA, hTER) that contains
a template region that binds the TTAGGG repeats in
telomerase and a catalytic subunit with reverse transcriptase
activity (human telomerase reverse transcriptase, hTERT).
Expression of hTERT is almost exclusively limited to
cancer cells and recent research indicated that hTERT
expression is a rate-limiting step in telomerase activity and
carcinogenesis[1]. Inhibition of hTERT activity has potential
significance in gene function research and cancer gene
therapy.
RNA interference (RNAi) is a sequence-specific
post-transcriptional gene silencing mechanism, which is
triggered by double-stranded RNA (dsRNA), causing
degradation of mRNAs homologous in sequence to the
dsRNA and inhibiting specific gene expression effectively[2].
As for antisense DNA and ribozymes, various siRNAs
directed at different sites of target gene exhibit obviously
different suppression effects. Thus, siRNA faces the same
challenges that confront other nucleic acid-based gene
inactivation strategies: site selection[3]. In the present study,
five siRNA sequences targeting at different sites of hTERT
gene were designed by the method of random selection
and full length gene targeting technique based on RNase
digestion sensitivity. All of them were synthesized by T7
RNA polymerase in vitro and the inhibitory effects were
evaluated on cell proliferation, hTERT mRNA and protein
expression, respectively.
MATERIALS AND METHODS
Selection of the target sequence of siRNA
The principle of random selection of siRNA target sites was
described previously[4]. In the totally five siRNA sequences,
siRNA4 was selected by full length gene targeting technique
established by our laboratory, the rest were selected by
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Table 1 siRNA sequences targeting hTERT gene
Number

Position in hTERT mRNA

Sense sequence(5’-3’)

1

2319-2329 (coding region)

AAGGC ACT GTT CAG CGT GCTC

2

2653-2673 (coding region)

AAGGC CTT CAA GAG CCA CGTC

57

3

1801-1821 (coding region)

AAGGT GCA AAG CAT TGG AATC

38

4

3652-3672 (non-coding region)

AAGGG CTG AGT GTC CAG CACA

57

5

3865-3885 (non-coding region)

AAGGA CCC TGG GAG CTC TGGG

67

random selection method. All siRNA sequences were done
blast-research in GenBank to confirm that only hTERT
gene was targeted. The information of the five siRNAs is
summarized in Table 1.
Synthesis of DNA template for transcription in vitro
For in vitro transcription to produce 21-nt siRNA, four
strands of 43-nt DNA template oligonucleotides were
synthesized as:
P1: 5’T7 promoter Sense sequence (19 nt of AA down-stream) TT 3’
TT 3’
P2: 5’T7 promoter Antisense sequence

P3 was complementary with P1; P4 was complementary
with P2. T7 promoter sequence was: 5’-GGTAATACGACTCACTATAGGG-3’. The underlined G was the initiating
site of transcription. The 43nt DNA oligomers were
synthesized by an applied biosystems 391 DNA synthesizer
and purified by PAGE.
siRNA synthesis
DNA template strands P1 and P3, were mixed in equimolar
amounts, heated for 5 min at 95 ℃, then gradually cooled
down to room temperature in annealing buffer to form the
double-stranded DNA S1. P2 and P4 were treated the same
way to form the double-stranded DNA S2. Transcription
in vitro was carried out in two separate tubes by using the
RiboMaxTM Large Scale RNA Production System-T7 Kit
(Promega) according to the manufacturer’s instructions to
obtain two single-stranded RNAs. The two complementary
single-stranded RNAs were mixed and incubated at 37 ℃
overnight to form double-stranded RNA. Then the product
was treated with DNase and single-stranded specific RNase
T1 for 30 min at 37 ℃ to digest DNA template, unpaired
single-stranded RNA and the 5’ overhung GGG in doublestranded RNA was cleaved. The double-stranded RNA was
then purified by ethanol precipitation and resolved with
Nuclease-Free water. The product was the siRNA for
transfection with 3’ end overhung UU bases. RNAs were
quantified by DU640 Nucleic Acid Analyzer (Beckman
Coulter) and stored at -20 ℃.
Cell culture
The human hepatocellular carcinoma cell HepG2 (American
Type Culture Collection, Rockville, MD) were maintained
in DMEM medium containing 10% heat-inactivated fetal
calf serum (Gibco Brl) and incubated at 37 ℃, 5% CO2
atmosphere in a humidified incubator. Cells were regularly
passaged to maintain exponential growth.

GC content (%)
57

Transfection and MTT assay
The day before transfection, cells were seeded at a density of
5×103 cells/well in 96-well flat-bottomed plates (0.1 mL/well)
and cultured for about 24 h at 37 ℃, 5% CO2 atmosphere.
When the cells reached 40-50% confluence, they were
transfected with siRNAs complexed with LipofectamineTM
2000 (Invitrogen) according to manufacturer’s instructions in
triplicate for each concentration. After an incubation for
48 h at 37 ℃, 20 L MTS agent (Promega) was added to
each well followed by another 90 min incubation at 37 ℃.
Absorption was measured at 490-nm (Victor 1420 Multilabel
Counter, Wallac) and inhibitory rates on cell proliferation
was evaluated using the following formula:
Acontrol–Asample
Inhibitory rate =

×100%
Acontrol–Ablank

Acontrol: Absorption of cells treated with Lipofectamine
2000 only; Asample: Absorption of cell treated with siRNA
and LipofectamineTM2000; Ablank: Absorption of DMEM.
TM

Analysis of hTERT mRNA level by RT-PCR
Totally 1.0×105 cells were seeded in a six-well plate. After
24 h incubation, cell confluence was about 50%. siRNAs
were mixed with LipofectamineTM2000 and transfected to
HepG2 cells with the final concentration 100 nmol/L. After
an incubation for 48 h at 37 ℃, total RNA was isolated by
TRIzol (Invitrogen) using a single-step phenol-extraction
method. The cDNA strand was synthesized from 2 g of
RNA by using Superscriptase II (Invitrogen) according to
the manufacturer’s instructions. PCR primers were as
follows: hTERT, 5’-TCTACCGGAAGAGTGTCTGGAGCAA-3’ (forward) and 5’-GCTCCCACGACGTAGTCCATGTTCA-3’ (reversed); amplicon, 202 bp; 2-microglobulin
5’TTCAGGTTTACTCACGTCATCC-3’ (forward), and 5’CCAAATGCGGCATCTTCAAACCC-3’ (reversed); amplicon,
317 bp. PCR reaction for hTERT and 2-microglobulin
was performed according to a method described earlier.
PCR products were run on a 2.0% agarose gel and visualized
by ethidium bromide staining. The intensities of DNA bands
were measured by scanning the gel with Gel Doc 1000
(Bio-Rad). Inhibition of hTERT mRNA was calculated by
relative intensity ratio hTERT/2-microglobulin according
to the following formula:
Inhibitory rate (%) = (1–Asample×A0control/Acontrol×A0 sample)×100

Asample: the intensity of hTERT PCR product in cells
treated with 100 nM siRNA, A0control: the intensity of 2microglobulin product in cells treated with LipofectamineTM
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hTERT protein expression level by Western blot
Cells treated with 100 nmol/L siRNAs were harvested 72 h
after transfection and lysed in a lysis buffer (RIPA-PICT,
Roche) for 30 min on ice. A total of 40 g of protein extracted
from each transfected cell population was separated on 8%
acrylamide gels using standard SDS-PAGE techniques
and then transferred to Hybond-polyvinylidene difluoride
membrane (Amersham Biosciences). The membrane was
blocked overnight at 4 ℃ and then probed with 1:2 000
diluted anti-hTERT specific antibody (Alpha Diagnostic)
for 1 h at room temperature. The membrane was washed
thrice for 15 min each with TBST buffer, incubated with
1:2 000 diluted HRP-conjugated secondary antibody (Sigma)
for 1 h at room temperature, washed four times for 15 min
each with TBST buffer. Finally, membrane was incubated
with ECL-PLUS reagent (Amersham Biosciences) for 5 min
at room temperature to develop the bands, which were
scanned by Typhoon 9410 Variable Mode Imager
(Amersham Pharmacia). -Actin was used as control for
loading equal amount of protein in each gel. The inhibition
rate was calculated in the same manner as RT-PCR.

Inhibitory rate (%)

RESULTS
siRNAs inhibited HepG2 cell growth
All of the five siRNAs showed inhibitory effects on
HepG2 cell growth in a dose-dependent manner (Figure 1).
siRNA2 had the highest inhibitory effect at a dose of
160 nmol/L (43.1%) and siRNA4 had better inhibitory
effects at doses 10-80 nmol/L compared with the other
siRNAs, it was very close to the inhibitory rate of siRNA2
at a dose 160 nmol/L (39.6%). These results suggested
that siRNA targeting hTERT gene could effectively suppress
HepG2 cell growth.
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gene expression, the mRNA level of hTERT was determined
by semi-quantitative RT-PCR. A 202-bp DNA fragment
for hTERT gene and a 317-bp DNA fragment for  2microglobulin gene were amplified by RT-PCR with specific
primers, respectively. The result of RT-PCR showed that
hTERT mRNA expression level was decreased after 48-h
treatment with 100 nmol/L siRNAs when compared to the
control cell except siRNA3 (Figure 2A). Normalized to the
levels of 2-microglobulin, the relative inhibitory rates of
siRNA1-siRNA5 were 48.3%, 43.7%, 8.3%, 70.7%, 32.7%,
respectively (Figure 2B).
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2000 alone, Acontrol: the intensity of 2-microglobulin product
in cells treated with 100 nmol/L siRNA, A 0sample: the
intensity of hTERT PCR product in cells treated with
LipofectamineTM2000 alone.
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Figure 2 Inhibition of hTERT mRNA expression in HepG2 cells after 48-h
transfection with 100 nmol/L siRNA. A: Electrophoresis of PCR products of
hTERT gene and 2-microglobulin gene in HepG2 cells. Lanes 1-5: HepG2
cells treated with 100 nmol/L siRNA1-siRNA5; Lane C: Cells treated with
LipofectamineTM 2000 only; Lane M: Molecular marker; B: Quantitation of
inhibitory percentage of hTERT mRNA in siRNA treated cells. Each level of
PCR product of hTERT gene was quantitated and normalized to the level of
2-microglobulin. The results were expressed as mean±SD from three
independent experiments.

siRNAs down-regulated hTERT protein expression
Western-blot analysis was performed to determine the effects
of siRNAs treatment on hTERT protein level in HepG2
cells. A 130 ku band for hTERT protein was scanned and
normalized to -actin protein (Figure 3A). The relative
inhibitory percentage of hTERT protein expression in the
cells treated with 100 nmol/L siRNA1-siRNA5 was 33.0%,
82.5%, 43.0%, 61.5%, 36.5%, respectively (Figure 3B).

siRNA4
siRNA5

10

20
40
80
Concentration of siRNA (nmol/L)

160

Figure 1 Inhibitory effects of different siRNA on HepG2 cell growth. HepG2 cells
were transfected with siRNA and 48 h after transfection, MTT assays were
tested for cell viability. The results were expressed as mean±SD from three
determinants.

siRNA down-regulated hTERT mRNA expression
In order to detect whether siRNA could inhibit hTERT

DISCUSSION
Short interfering RNAs (siRNAs) are powerful sequencespecific reagents designed to knockdown the expression of
target genes in cultured mammalian cells through a process
known as RNA interference (RNAi). Although the mechanism
underlying RNAi activity has not been completely elucidated,
RNAi has already become a powerful reverse genetic method
for suppressing the expression of a target gene. Recent
studies have demonstrated that 21 nt-siRNA duplexes are
long enough to induce gene-specific suppression, but short
enough to evade the host interferon response in cultured
mammalian cells [5] .The duplexes of 21 nt RNAs with
symmetric 2-nt 3’ overhangs are the most efficient mediators
of mRNA degradation[6]. Especially, 2-nt 3’ overhangs in
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Figure 3 Inhibition of hTERT protein expression in HepG2 cells after 72-h
transfection with 100 nmol/L siRNA. A: Western-blot analysis of hTERT
protein expression in HepG2 cells. Lanes 1-5: HepG2 cells treated with 100
nmol/L siRNA1-siRNA5; Lane C: Cells treated with Lipofectamine TM 2000
only; B: Inhibitory percentage of hTERT protein in siRNA treated cells
compared to the cells treated with LipofectamineTM 2000 alone. Each level of
hTERT protein was quantitated and normalized to the level of -actin.
Inhibitory rat es w ere c alc ulat ed by comparison to cells t reated with
LipofectamineTM 2000 alone and results were expressed as mean±SD from
two independent experiments.

antisense strand of siRNA are crucial for inducing RNAi in
mammalian cells[7]. In the present study, four strands of
43 nt DNA template oligonucleotides were designed for
synthesizing two single-stranded RNAs in vitro by using T7
RNA polymerase. The two complementary single-stranded
RNAs could form 24 nt duplexes RNA with symmetric
UU 3’ overhangs and GGG 5’ overhangs through WatsonCrik hybridization. GGG 5’ overhangs in RNA duplexes
were cleaved by single-stranded specific RNase T1 and the
product was 21 nt siRNA for transfection with symmetric
UU 3’ overhangs.
In mammalian cells, it has recently been reported that
siRNA efficacy is highly dependent upon target position,
that is, the secondary structure of target RNA is an important
determinant of activity for siRNA[8]. Currently selection of
the targeted region is largely empirical. At the moment, there
are no reliable ways to predict or identify the “ideal” sequence
for an siRNA. Generally, the mRNA sequences of the desired
gene were scanned randomly for AA sequences, then the
AA and the downstream 19 nt were recorded and compared
to an appropriate genome database to eliminate any with
significant homology to other genes. Those sequences are
the potential siRNA target sites[6]. Since siRNA, like antisense
oligonucleotides, through an antisense mechanism results
in loss of target RNA, it is reasonable to deduce that the
degree of RNase H sensitivity of a given probe reflects the
accessibility of the chosen site and could predict how well
the siRNA will perform[9]. In this study, the results of MTT
showed that the inhibition efficacy of siRNA4 was better
than the others at concentrations of 10, 20, 40, and 80 nmol/L
and close to siRNA2 at a concentration of 160 nmol/L.
The robust inhibition of hTERT mRNA and protein
expression was observed in siRNA4 and siRNA2, respectively.
From the above results, we proved that siRNA2 and siRNA4
had better activity than the other three. As siRNA4 targeted
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the same sequence screened by the full length gene targeting
technique, it is suggested that if a site is available for
hybridization to an RNase H inducible oligonucleotide, then
it is also available for hybridization and cleavage by the
siRNA complex.
Many of the siRNAs reported to date are designed to
target coding sequences, typically selected sequences located
100-200 bases away from the translation initiation sequence
AUG, avoiding 5’ or 3’ untranslated regions[10]. Recently it
has been reported that siRNA located at 3’ untranslated
region successfully inhibited the expression of target gene[11].
In our study, siRNA2 screened by random selection was
located in hTERT translated region and exhibited inhibitory
activity on hTERT gene expression. However, siRNA4
screened by the full length gene targeting technique was
located in 3’ untranslated region and exhibited similar activity
compared with siRNA2. So it is more reasonable to select
target sequences along with the full length mRNA of
interested gene than to only select in the coding region.
In our previous study, a series of antisense oligonucleotides
were designed based upon hTERT mRNA secondary
structure. One of them, named cantide, has been demonstrated
having robust inhibitory effects on tumor cell growth[12]
and hTERT gene expression[5]. In this study, various siRNAs
were introduced to HepG2 cells by liposome-mediated
transfection and exhibited specific inhibitory effects on
cell growth and hTERT gene expression. Compared to
cantide, active siRNA exerted similar effects at much lower
concentration. This result suggests that RNAi may be a
promising gene-based therapy for cancer treatment[13].
Although, until recently, the siRNA produced by transcription
or chemical synthesis in vitro only achieved a transient effect
by using classic method such as liposome-mediated
transfection[14], preparing siRNA by T7 transcription system
in vitro is a rapid, simple and low-costing strategy suitable
for screening the effective target sites[15]. In this research,
five siRNAs targeting different sites of hTERT mRNA
were designed and synthesized rapidly by T7 transcription
system in vitro and two of them had high activity of genespecific silencing effect. Our results suggest that siRNAs
synthesized from a DNA template is a useful and effective
way to specifically silence gene expression.
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Abstract
AIM: To develop a cancer vaccine of dendritic cells derived
from human cord blood CD34+ cells and to investigate its
cytotoxicity on human hepatocarcinoma cells in vitro and
in sever combined immunodeficiency (SCID) mice.
METHODS: Lymphocytes from cord blood or peripheral
blood were primed by DCs, which were derived from cord
blood and pulsed with whole tumor cell lysates. Nonradiative
neutral red uptake assay was adopted to detect the
cytotoxicity of primed lymphocytes on human hepatocarcinoma
cell line BEL-7402 in vitro. The anti-tumor effect of primed
lymphocytes in vivo was detected in SCID mice, including
therapeutic effect and vaccination effect.
RESULTS: The cytotoxicity of DC vaccine primed lymphocytes
from cord blood or peripheral blood on human hepatocarcinoma cell line BEL-7402 was significantly higher than
that of unprimed lymphocytes in vitro (44.09% vs 14.69%,
47.92% vs 19.44%, P<0.01). There was no significant
difference between the cytotoxicity of primed lymphocytes
from cord blood and peripheral blood (P>0.05). The tumor
growth rate and tumor size were smaller in SCID mice
treated or vaccinated with primed lymphocytes than those
with unprimed lymphocytes. SCID mice vaccinated with
primed lymphocytes had a lower tumor incidence (80%
vs 100%, P<0.05) and delayed tumor latent period
compared with mice vaccinated with unprimed lymphocytes
(11 d vs 7 d, P<0.01).
CONCLUSION: Vaccine of cord blood derived-DCs has
an inhibitory activity on growth of human hepatocarcinoma
cells in vitro and in SCID mice. The results also implicate
the potential role of cord blood derived-DC vaccine in
clinical tumor immunotherapy.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocarcinoma is a major malignant cancer in Asian and
southern African countries. Resection, chemotherapy and
alcohol injection are potentially curative for only small, local
tumors. Unfortunately, the diseases of most patients have
developed to the advanced stage at diagnosis. In China, the
mortality of hepatocarcinoma ranks second among malignant
tumors, only behind that of lung cancer in urban areas and
stomach cancer in rural areas[1].
Dendritic cells (DCs) express abundant MHC molecules
and costimulatory molecules, and are professional antigen
presenting cells (APC). Immature DCs can uptake antigens
through macropinocytosis, phagocytosis and receptormediated endocytosis and have a poor ability to activate
lymphocytes. After capturing antigens, immature DCs come
into mature stage and migrate from peripheral areas to
lymph nodes, where they present antigens to lymphocytes
and activate the immune response. For their potent ability
to present antigens and activate lymphocytes, DCs are
considered as the natural adjuvant for immune response[2,3] .
Not surprisingly, tumor cells could escape from host
immune surveillance when there is a functional failure of
DCs, and the fact is that the number of mature DCs with
normal functions was decreased in local tumor tissue and
peripheral blood of tumor patients[4,5]. Based on these,
DC-based experiments have been developed for tumor
immunotherapy in the past decade. Our laboratory once
found that DCs from mice spleen fused with hepatocarcinoma
cells that manifested antitumor effects in vivo. There are
also reports on DCs from human peripheral blood generating
specific T cell responses and eliciting tumor regression[6,7].
However, getting a great deal of peripheral blood or other
tissues from tumor patients to produce DCs in vitro is not
practical in clinics. Since peripheral blood DCs are derived
from bone marrow CD34 + multipotential hematopoietic
stem cells in vivo, Ferrari et al[8] , adopted chemotherapy
combined with granulocyte colony-stimulating factors to
mobilize bone marrow CD34+ cells into peripheral blood
of cancer patients, and they found with such results that
there was an increase of CD34+ cells in peripheral blood,
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but the number of DCs was not significantly increased,
and the subset of DCs changed, i.e., the ratio of DC1/DC2
reversed, implicating that the differentiation of DCs in
cancer patients was dysfunctional.
In cord blood, the percentage of CD34+ cells is slightly
lower than in bone marrow, but the percentage of CD34+/
CD38– cells is higher. Compared with CD34+/CD38+ cells,
CD34+/CD38– cells are early stem cells and more sensitive
to stimulation of cytokines[9,10]. In addition, harvesting cord
blood is a slightly invasive procedure. Here, we investigated
the anti-tumor effects of DCs from human cord blood
CD34+ cells on human hepatocarcinoma cell line BEL-7402
in vitro and in sever combined immunodeficiency (SCID)
mice.

MATERIALS AND METHODS
Tumor cell line and animals
Human hepatocellular carcinoma cell line BEL-7402
(Shanghai Institute of Cell Biology, Chinese Academy of
Sciences) was cultured in RPMI 1640 (GIBCO BRL, USA)
containing 10% heat-inactivated newborn calf serum (NCS,
GIBCO BRL, USA), 100 U/mL penicillin and 100 g/mL
streptomycin at 37 ℃ in a humidified atmosphere containing
50 mL/L CO2. SCID mice (6-8-wk old) were purchased
from Animal Center of Sun Yat-Sen University Medical
College (Guangzhou, China), bred in a specific-pathogenfree laboratory at Shantou University Medical College
Affiliated Tumor Hospital. All animal procedures were
performed in accordance with recommendations for the
proper use and care of laboratory animals.
Preparing DCs from human cord blood
Normal human umbilical cord blood was obtained from
Department of Obstetrics of the First Affiliated Hospital
of Shantou University Medical College. Fresh cord blood
samples were diluted 1:4 in PBS (pH 7.4). After FicollHypaque (1.077 g/mL, Tianjin Hematology Institute, China)
centrifugation (400 r/min for 35 min at 20 ℃), mononuclear
cells were collected from the interface and washed twice in
PBS (200 r/min for 10 min at 20 ℃).
Cord blood CD34+ hematopoietic stem cells were labeled
with a CD34+ progenitor cell isolation kit (Miltenyi Biotec,
Germany) and separated from cord blood mononuclear
cells by Mini magnetic cell sorting (Mini MACS, Miltenyi
Biotec, Germany) according to the protocol. DCs were
induced from cord blood CD34+ hematopoietic stem cells
as previously described[11]. Briefly, CD34+ cells were adjusted
to the concentration of 3×10 4/mL and cultured at 37 ℃
in a humidified 50 mL/L CO2 atmosphere in RPMI 1640
containing 10% NCS, 100 U/mL penicillin, 100 g/mL
streptomycin and supplemented with 100 g/mL recombined
human granulocyte-macrophage colony-stimulating factor
(rhGM-CSF, Biotinge Co., China), 50 U/mL recombined
human tumor necrosis factor- (TNF-, PeproTech EC
Ltd Co., UK). For every 2 d, half of the medium was replaced
with fresh complete medium supplemented with 100 g/mL
rhGM-CSF, 50 U/mL TNF- for a total period of 2 wk.
The differentiation process of DCs was observed under a
phase contrast microscope (Olympus, Japan).
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Pulsing DCs with whole tumor cell lysates
Human hepatocarcinoma cell line BEL-7402 was trypsinized
and washed twice in PBS, then lysed by ultrasonication
(Misonix, USA). The cell lysates were monitored by light
microscopy. After being cultured with GM-CSF and TNF-
for 14 d, cord blood-derived DCs were collected and
incubated with whole cell lysates of BEL-7402 at a ratio
of three tumor cells equivalent to one DC (i.e., 3:1) in
RPMI 1640 containing 10% NCS. After 12 h of incubation,
pulsed DCs were washed twice in PBS and resuspended in
RPMI 1640.
Priming lymphocytes in vitro with pulsed DCs
Human peripheral blood (from healthy volunteers of our
laboratory) or cord blood (from Department of Obstetrics
of the First Affiliated Hospital of Shantou University
Medical College) mononuclear cells were isolated with FicollHypaque by density gradient centrifugation and cultured in
RPMI 1640 complete medium. After being incubated for
4 h, non-adherent cells were harvested as lymphocytes.
Cord blood derived-whole tumor cell lysate pulsed-DCs
were added to lymphocytes from peripheral blood or cord
blood at a responder-to-stimulator ratio of 20:1 in RPMI
1640 containing 10% NCS and 80 U/mL recombined
human interleukin-2 (rhIL-2, Biotinge Co., China). After
being cultured for 5 d, cells were harvested as primed
lymphocytes.
Neutral red uptake assay
Human hepatocarcinoma cell line BEL-7402 was seeded
into 96-well cell culture plates (Costar, USA) at a concentration
of 0.4×10 4/200 L per well. After 24-h incubation, the
culture medium was removed and the cell number was
counted. Then fresh medium containing DC-primed
lymphocytes from peripheral blood, DC-primed lymphocytes
from cord blood, unprimed lymphocytes from peripheral
blood, unprimed lymphocytes from cord blood were added
as effector cells in PB-DLC group, CB-DLC group, PB-LC
group and CB-LC group respectively, at an effector-totarget ratio of 10:1, three wells for every group. In control
group, no effector cells were added. Forty-eight hours after
the effector cells were added, the medium was replaced by
100 L neutral red (30 g/mL). After incubation for another
1 h, the neutral red was removed. Cultures were carefully
washed twice with PBS and the neutral red in tumor cells
was extracted with 100 L solution of 1% hydrochloric
acid/ethanol. Neutral red absorbance value (A value) of
tumor cells at wavelength 570 nm was detected with a 3550UV microplate reader (Bio-Rad, USA). Each assay was
performed in quadruplicate. The results were presented as
mean±SD. Cytolytic activities of the effector cells were
calculated as (1-A value of experimental group/A value
of control group)×100%.
Treatment or vaccination with primed lymphocytes in SCID
mice
Tumor cells and SCID mice were prepared as described
above. To study the therapeutic effect of DC-primed
lymphocytes on hepatoma in vivo, a human hepatoma model
was established in SCID mice by subcutaneous (s.c.) injection
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of viable BEL-7402 of logarithmic stage (2×10 6 cells in
100 L PBS for each mouse) at the right flank. Subsequently,
the tumor-bearing mice in Tr-DLC group and Tr-LC group
(5 mice/group) were injected s.c. at the left flank with 1×107
DC-primed lymphocytes or with unprimed lymphocytes
from peripheral blood respectively, twice at 3-d intervals.
To study the protective effect of DC-primed lymphocytes
on human hepatocarcinoma cells in vivo, SCID mice in ImDLC group and Im-LC group (5 mice/group) were first
vaccinated with 1×10 7 DC-primed lymphocytes or with
unprimed lymphocytes respectively, twice at 3-d intervals.
Four days after the second vaccination, the mice in ImDLC group and Im-LC group were both challenged with
human hepatocarcinoma BEL-7402 cells of logarithmic
stage (2×106 cells in 100 L PBS for each mouse).
In control group, SCID mice were just injected s.c. with
human hepatocarcinoma BEL-7402 cells (2×106) at the right
flank. After tumor cell injection, tumor incidence and tumor
latent period of all mice were recorded. The widest diameter
(a) and narrowest diameter (b) of the tumor in vivo were
measured twice a week with calipers. Tumor volume was
calculated according to the formula V = ab2/2[12]. After 32 d
of tumor cell injection, all the mice were killed and tumor
volume was measured ex vivo.
Statistical analysis
Data were analyzed with SPSS11.0 statistical software.
Tumor volumes were statistically analyzed after evolution.
The significant difference between groups was determined
by one-way ANOVA test. Two-sided P<0.05 was considered
statistically significant. No mouse was excluded from this
study.

RESULTS
Generation of DCs from cord blood CD34+ cells
CD34+ cells from cord blood were round and regular with
a diameter of about 7-8 m. Under the stimulation of
rhGM-CSF 100 g/mL and rhTNF- 50 U/mL, the cell
number increased and cell clones formed. At the same time
the cells stretched out cytoplasmic projections. During the
later period of culture, DCs shed from the clones to the
medium. On day 14, the total number of cells increased
about 20-fold. Under a phase contrast microscope, we found
that after being pulsed with BEL-7402 cell lysates at a ratio
of 3:1, human cord blood-derived DCs displayed more
pronounced dendritic processes (Figure 1).
Cytotoxicity of DC-primed lymphocytes in vitro
Lymphocytes were primed by tumor cell lysate pulsed-DCs
at a responder-to-stimulator ratio of 20:1 for 5 d. As shown
in Table 1, the neutral red absorbance value of viable tumor
cells in PB-DLC group and CB-DLC group was significantly
lower than that in PB-LC and CB-LC groups (P<0.01). There
was no significant difference in A value between PB-DLC
group and CB-DLC group (P>0.05). According to A value,
the cytotoxicity of primed lymphocytes from peripheral
blood or cord blood was 47.92% and 44.09% respectively,
while the cytotoxicity of unprimed lymphocytes was 19.44%
and 14.69%.
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A

B

Figure 1 Morphology of DCs. A: Morphology of DCs derived from cord blood
at d 14 was irregular and with cytoplasm projections. B: After being pulsed with
whole tumor cell lysates, the dendritic processes of DCs being more typical
(phase contrast microscope, 20×5.5).

Table 1 Neutral red absorbance value (A value) of human
hepatocarcinoma BEL-7402 cells and cytotoxicity of effector cells
in different groups (mean±SD)
Group

A

Cytotoxicity (%)

Control

0.1286±0.0165

CB-LC

0.1097±0.0276 a

14.69

PB-LC

0.1036±0.0291 a

19.44

CB-DLC
PB-DLC

0.0719±0.0118 b,d
0.0670±0.0145b,f

44.09
47.92

a
f

P<0.05 vs control group, bP<0.01 vs control group, dP<0.01 vs CB-LC group,
P<0.01 vs PB-LC group.

Therapeutic effect of DC-primed lymphocytes in SCID mice
To evaluate whether DCs derived from cord blood had
therapeutic effects on hepatoma cells in vivo, treatment
experiments were performed in SCID mice. All SCID mice
developed tumors within 7 d after injection of 2×10 6
hepatocarcinoma BEL-7402 cells. In tumor-bearing mice
treated with DC-primed lymphocytes, both the tumor
growth rate in vivo (Figure 2) and the tumor volume measured
ex vivo on the 32 nd d after tumor cell injection (Figure 3)
were smaller than those in mice treated with unprimed
lymphocytes (P<0.05). There was no significant difference
between mice treated with unprimed lymphocytes and mice
in control group (P>0.05) (Figures 2 and 3).
Protective effect of primed lymphocytes in SCID mice
To evaluate whether DCs derived from cord blood exerted
protective effects in SCID mice against human hepatoma
cells in vivo, vaccination experiments were performed. All
mice (5/5) vaccinated with unprimed lymphocytes developed
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Figure 2 Growth curves of human hepatocarcinoma BEL-7402 cells in SCID
mice treated with DC-primed lymphocytes (Tr-DLC), unprimed lymphocytes
(Tr-LC) and in control group respectively.

Figure 4 Growth curves of human hepatocarcinoma cell BEL-7402 in SCID
mice vaccinated with DC-primed lymphocytes (Im-DLC), unprimed lymphocytes
(Im-LC) and in control group respectively.
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Figure 3 All mice were killed after 32 d of tumor cell injection and tumor
volumes measured ex vivo and presented as mean±SD after evolution (5 mice/
group).

Figure 5 All mice were killed after 32 d of tumor cell challenge and tumor
volumes were measured ex vivo and presented as mean±SD after evolution
(5 mice/group).

tumors within 7 d after injection of 2×106 hepatocarcinoma
cells. On day 32 after tumor challenge, 80% (4/5) mice
vaccinated with DC-primed lymphocytes developed tumors
and the tumor latent period was about 11-14 d. Tumor
growth rate in vivo (Figure 4) and tumor volume measured
ex vivo on the 32 nd d after tumor cell challenge (Figure 5)
both decreased in mice vaccinated with DC-primed
lymphocytes compared with mice vaccinated with unprimed
lymphocytes and mice in control group (P<0.05).

similar to the morphological changes of Langerhans cells
from skin stretching out typical dendrites after being cultured
for several days in vitro. Researchers also found that formation
of cell dendrites was related to the expression of cell skeleton
55 ku fascin-actin bundling protein[13] . Fascin and CD83
were also the phenotypic characteristics of mature DCs[14,15].
We considered that the typical dendrites might be the
morphological characteristics of mature DCs.
Since neutral red can stain viable cells and is rejected by
dead cells, we adopted the nonradiative neutral red uptake
assay in this study to detect the absorbance value of tumor
cells, and then the cytolytic activity of effector cells on
tumor cells was calculated according to the absorbance value.
The results in Table 1 indicated that the cytotoxicity of
primed lymphocytes was significantly higher than that of
unprimed lymphocytes from peripheral blood in vitro, so
were primed lymphocytes and unprimed lymphocytes from
cord blood. Cord blood lymphocytes mainly consist of
CD45RA+ naive cells[16]. Our finding in this study that there
was no significant difference between the cytolytic activity
of primed lymphocytes from cord and peripheral blood
suggested that DCs from cord blood respectively could
activate naive lymphocytes as well as memory lymphocytes,
which was consistent with previous reports[17].
The potent effect of DCs on activating resting lymphocytes
was associated with its surface molecules and cell skeleton.
One of these molecules attracting the attention of many

DISCUSSION
In this study, CD34 + cells were isolated from cord blood
mononuclear cells by Mini MACS. With the stimulation of
rhGM-CSF and rhTNF-, cord blood-derived CD34+ cells
could proliferate, and the cell number and formation of
cell clones were increased. In this experiment, the number
of total cells increased about 20-fold after being cultured
for 14 d with cytokines. During proliferation, cells differentiated
into DCs and displayed cell projections. Caux et al [11],
reported that cord blood CD34 + cells differentiated into
DCs in two different ways with the stimulation of GMCSF and TNF-. After being cocultured with cytokines
for 5-7 d, there were two kinds of cell phenotypes, one was
CD14+, the other was CD1a+. On the 12-14th d of culture,
they both differentiated into DCs.
After being pulsed with whole tumor cell lysates, cord
blood-derived DCs manifested more processes, which were
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researchers is DC-SIGN (DC-specific ICAM-3 grabbing
nonintegrin), which is the receptor of HIV and mycobacteria,
more importantly, also the high affinitive receptor of
intercellular adhesion molecule (ICAM)-3 expressed on
lymphocytes[18-20]. DC-SIGN can promote DCs to contact
with lymphocytes through combination with ICAM-3, even
without the existence of antigens. Moreover, the contact
of DCs with lymphocytes and formation of immunosynapse
are necessary for DCs presenting antigens and activating
lymphocytes. Cell skeleton protein fascin not only takes part
in maintaining cell morphology and developing cell dendrites
but also plays an important role in the active skeleton
rearrangement and formation of immunosynapse[14,21].
Mosialos et al [22] , and Kupfer and Singer [23] reported that
DCs were the only leukocytes that could express fascin and
the only APC that could make an active rearrangement of
its skeleton during the formation of immunosynapse. It is
possible that the DC-specific DC-SIGN and the ability of
skeleton rearrangement are associated with its specific ability
to activate resting lymphocytes.
In this study, we adopted SCID mice, which lacked T
and B lymphocytes genetically, to study the antitumor effect
of DC primed lymphocytes in vivo. The sections stained
with HE showed that spleen cells of SCID mice were
scattered with no obvious splenic corpuscle or periarterial
lymphatic sheath (picture not shown). This indicated that
SCID mice in this experiment had no “immune leak”, so
there was no host immune response to injected cells. In
SCID mice treated with DC-primed lymphocytes, the rate
of tumor growth was slower than that of mice in control
group, suggesting that DC vaccine can inhibit tumor growth
in vivo. While in mice vaccinated with DC-primed lymphocytes,
and challenged with human hepatocarcinoma cells, though
still some mice developed tumors, tumor incidence was
significantly decreased, implicating the antitumor effect of
DC vaccine in vivo. The reason why the tumor volume in
mice treated with unprimed lymphocytes was greater than
that in control group may be the heterogeneity of individuals.
After all, the difference between these two groups was not
significant (P>0.05).
The rejection of tumor cells in vivo depends on effector
T cells. In the results of our experiments, tumor cell lysates
pulsed-DC vaccine manifested some therapeutic and
protective effects against tumor cells in vivo. The use of
tumor cell lysates as a source of antigens to pulse DCs has
several advantages. First, it mimics the physiologic process
by which a growing tumor induces an immune response.
Second, there is also a possibility that DCs pulsed with whole
tumor cell lysates could present a broader range of epitopes
of tumor antigens and activate polyclone subpopulations
of T cells compared to a single peptide or antigen-pulsed
DCs. Third, it is not necessary to characterize and isolate
tumor molecular antigens. The preparation of such a DC
vaccine pulsed with whole tumor cell lysates is relative facile.
One disadvantage of this approach, however, is the potential
danger of evoking autoimmune reactivity to self or normal
tissues. Anti-dsDNA and anti-nuclear antibodies were found
existing in animal experiments after vaccinated with whole
tumor antigen-pulsed DCs[24,25]. In clinic, fortunately, no
unbearable side effects have been reported except for rare
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vitiligo in melanoma patients treated with whole tumor
antigen-pulsed DCs[26]. Many clinic experiments have also
proved that DC vaccine is safe for patients. We wish this
preliminary study can provide some evidence for advanced
study of cord blood-derived DC vaccine and its application
in clinics for tumor patients.
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Abstract
AIM: To study the global gene expression of chemotactic
genes in macrophage line U937 treated with human
monocyte chemoattractant protein-1 (MCP-1) through the
use of ExpreeChipTMHO2 cDNA array.
METHODS: Total RNA was extracted from MCP-1 treated
macrophage line U937 and normal U937 cells, reversely
transcribed to cDNA, and then screened in parallel with
HO2 human cDNA array chip. The scanned result was
additionally validated using RT-PCR.
RESULTS: The result of cDNA array showed that one
chemotactic-related gene was up-regulated more than
two-fold (RANTES) and seven chemotactic-related genes
were down-regulated more than two-fold (CCR1, CCR5,
ccl16, GRO, GRO, IL-8 and granulocyte chemotactic
protein 2) in MCP-1 treated U937 cells at mRNA level.
RT-PCR analysis of four of these differentially expressed
genes gave results consistent with cDNA array findings.
CONCLUSION: MCP-1 could influence some chemokine
and receptor expressions in macrophages in vitro. MCP-1
mainly down-regulates the expression of chemotactic
genes influencing neutrophilic granulocyte expression
(GRO, GRO, IL-8 and granulocyte chemotactic protein
2), and the mRNA level of CCR5, which plays a critical
role in many disorders and illnesses.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Chemokines are small secreted proteins that function as
potent activators and chemoattractants for leukocyte
subpopulations and some nonhemopoietic cells. Most
chemokines elicit their effects through interactions with
seven-transmembrane-domain, G-protein-coupled receptors.
The size of this family has grown considerably and now
includes dozens of members[1]. According to the position
of conserved cysteine residues in their primary sequence,
the chemokine superfamily is divided into four subfamilies
(C-X-C, C-C, C, and C-X3-C) which attract specific subsets of
leukocytes[2]. Chemokine expression secondary to stimulation
with proinflammatory cytokines has been reported in many
types of diseases[3].
Monocyte chemoattractant protein-1 (MCP-1) was first
purified from conditioned medium of baboon aortic
smooth muscle cells in culture on the basis of its ability to
attract monocytes, but not neutrophils, in vitro. It is a potent
chemoattractant for monocytes in vitro, with an ED50
similar to that of IL-8 for neutrophils (500 pmol/L). MCP-1
induces the expression of integrins required for chemotaxis,
and has also been reported to attract NK cells as well as T
lymphocytes[4-6].
Recently, the function of chemokines has extended far
beyond leukocyte physiology. For example, MCP-1 was
found to play a pathogenic role in many diseases. Its expression
could be detected in human atheromatous plaques and in
aortic walls of primates fed with high-cholesterol diets,
consistent with a model of atherogenesis in which MCP-1
in the vessel walls attracted monocytes that eventually
became foam cells[7]. Similarly, the presence of inflammatory
cells in the joints of patients with rheumatoid arthritis has
been explained by IL-8 and MCP-1 in synovial fluids[8]. This
expression was also documented in glomerulonephritis,
asthma, inflammatory bowel disease, and allogeneic transplant
rejection[6,9].
The ligand-binding repertoires of different chemokine
receptors significantly overlap, so do the sets of receptors
expressed by different leukocytes and other target cells, this
further adds to the versatility of the chemokine system.
There are high complexities among the conditions of
chemokine expressions and binding to receptors. For example,
among the known CC chemokines, MCP-1, MCP-2, MCP-3,
MCP-4, MCP-5, macrophage inflammatory protein
(MIP)-1, MIP-1, I309, and HCC-1, all have monocyte
chemoattractant activities in vitro. Furthermore, monocytes
express at least three cloned CC chemokine receptors,
namely CCR1, CCR2, and CCR5, and even though MCP-1
binds to only CCR2 with a high affinity, CCR2 also binds to
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MCP-3 and MCP-5 [4,6]. The cDNA array technology has
been demonstrated as a very useful tool for identifying
differentially expressed genes. In order to study the regulation
of MCP-1 on other chemokines and their receptors, we
studied the potential regulation function of MCP-1 on the
expression of chemotactic-related genes in macrophages.

synthesized by Genecore Corp., Shanghai. The cycle number
was optimized for each gene-specific primer pair to ensure
the amplification in a linear range, and the results were
semiquantitative. PCR products (5 µL) were visualized by
electrophoresis on a 2% agarose gel stained with ethidium
bromide.

MATERIALS AND METHODS
Materials
huMCP-1 was purchased from Dingguo Biotech Corp.[10].
Human macrophage line U937 was reserved by our study
group. FCS, chloroform, isopropanol, DEPC, TRIzol were
purchased from Huashun Corp.

RESULTS
Identification of differentially expressed chemotactic-related
genes in U937 cells by the human ExpreeChipTMHO2 chip
ExpreeChipTMHO2 (invoice: 0102-003) used in this study
was made by MERGEN Corp. The chip contained 10 ng
of each gene-specific cDNA from 1 152 known genes and
9 housekeeping genes. Several plasmid and bacteriophage
DNAs and blank spots were also included as negative and
blank controls to confirm hybridization specificity. A complete
list of the genes with array positions and GenBank accession
numbers of the chip used here could be accessed at the
website. Genes were considered to be up-regulated when
the intensity ratio between expressions in the MCP-1 treated
U937 cell lines compared with normal cell lines was twofold. Genes were labeled as down-regulated when the ratio
between normal and MCP-1 treated cell lines was two-fold.
The analysis of scatter diagrams is seen in Figure 1, using
EC cells as system controls.

Cell culture and huMCP-1 treatment
Macrophage line U937 was incubated in 10 mL RPMI1640
medium containing 10% FCS. When cell count reached
0.5-1×10 6/mL, cells were centrifuged and the supernates
were discarded. The cells were resuspended with the
same volume of RPMI1640 medium containing huMCP1 (10 mg/mL) and incubated overnight.
Human cDNA array, probe, hybridization, and data analysis
Culture cells were washed with cooled PBS (pH 7.2) twice,
then lysed by TRIzol, extracted with chloroform, precipitated
with isopropanol, and washed with 80% ethanol. The
deposits were dehydrated by vacuum, then solubilized by
Nes buffer. mRNA was purified by an Oligotex mRNA mini
kit, then the control mRNA of cells was labeled with cy5dUTP and the mRNA of stimulated cells was labeled with
cy3-dUTP, deposited by ethanol and solubilized in 20 L
hybridization buffer (5× SSC+0.2% SDS). ExpreeChipTMHO2
was made by MERGEN Corp. The chip and probe were
degenerated for 5 min at 95 ℃, then hybridized for 15-17 h
at 60 ℃, washed with 2× SSC+0.2% SDS and 0.1%× SSC
+0.2% SDS, 0.1%× SSC, and dried at room temperature.
The chip was scanned by ScanArray3000, then the result
was analyzed by ImaGene3.0. The criteria of gene expression
changes were cy3/cy5≥2, or cy3/cy5≤0.5.
Semiquantitative RT-PCR
cDNA was generated using 1 µg of total RNA from the
two U937 cell lines (normal and MCP-1 treated) as templates
in a 20-µL reaction mixture, and reverse transcription was
carried out at 42 ℃ for 1 h followed by at 95 ℃ for 10 min
using the preamplification system (GIBCOL). cDNA (2 µL)
was amplified in a 25 µL PCR reaction mixture containing
2× PCR buffer (10 mmol/L Tris-HCl, pH 8.3, 50 mmol/L
KCl), 1.9 or 2.4 mmol/L of MgCl2, 0.5 µmol/L of primers,
0.18 mmol/L of deoxynucleotide triphosphate, and 1 unit
Taq DNA polymerase (TaKaRa). The conditions of hotstart PCR reaction were as follows: at 95 ℃ for 10 min
followed by 25-35 cycles of denaturation at 94 ℃ for 1 min,
annealing at 60 ℃ for 1 min (for primers of -actin, GRO,
GRO and IL-8) or at 50 ℃ for 1 min (for primers of
regulated upon activation, normal T cell expressed and
secreted, RANTES), and extension at 72 ℃ for 1 min. The
final step of extension was at 72 ℃ for 10 min. PCR reagents
were purchased from Takara. All of the primers were
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Figure 1 Chip result analysis of EC cells (A) and U937 cell line (B). The x-axis
is the relative intensity of cy3 signal, and y-axis is the relative intensity of cy5
signal. The ratio x/y≥R2 shows that the gene expression was up-regulated,
and x/y≤0.5 shows that the gene was down-regulated.

Results of chip detection
The membranes carrying 1 152 cDNA probes of defined
human genes, and their accession numbers, names, and the
scanned data were given below. Among the 1 152 genes,
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Figure 2 U937 mRNA expression analysis using Mergen cDNA arrays.
These maps revealed a number of genes that were significantly expressed in
controls and MCP-1 treated cells, with an expression ratio above 2 (the red
color dot, more red color dots indicate more highly expressed genes) or below
0.5 (the blue color dot, more blue color dots indicate meagerly expressed
genes). Results were the mean from two separate experiments and were
arranged in order of decreasing relative expression after treated with MCP-1
compared with untreated controls. A correlation analysis of the results from the
two separate experiments showed that the findings were highly reproducible,
because r = 0.897 for the 25 genes with the highest relative mRNA expression
after MCP-1 treatment.

110 were up-regulated, 91 were down-regulated (Figure 2).
We searched for chemokine genes and chemokine receptor
genes to study the gene expression changes in chemokine
superfamily (Tables 1 and 2). Gene names shown in bold
designate that genes with mRNA expression were also
analyzed by RT-PCR (Figure 3).
Confirmation of differentially expressed chemotactic-related
genes by semiquantitative RT-PCR
The semiquantitative RT-PCR results showed that RANTES
genes were up-regulated, whereas GRO, GRO and IL-8
were down-regulated in MCP-1 treated cell lines (Figure 3)
.These results were similar to those detected by Human
ExpreeChipTMHO2 chip (Tables 1 and 2).
Table 1 Expression of chemokine receptor genes in U937 cell line
Sample/
Control

Control/
Sample

Unigene
symbol

Gene description

0.1

1.0

CCR1

1.0

19.2

CCR2

Chemokine (C-C motif) receptor 1
Chemokine (C-C motif) receptor 2

0.7

1.3

CCR3

Chemokine (C-C motif) receptor 3

0.6

1.6

CCR3

Chemokine (C-C motif) receptor 3

1.0

1.0

CCR4

Chemokine (C-C motif) receptor 4

0.1

7.3

CCR5

Chemokine (C-C motif) receptor 5

1.0

1.0

CCR6

Chemokine (C-C motif) receptor 6

1.0

1.0

CCR7

Chemokine (C-C motif) receptor 7

1.0

1.0

CCR8

Chemokine (C-C motif) receptor 8

1.0

1.0

CCRL2

Chemokine (C-C motif) receptor-like 2

1.4

0.7

CXCR4

Chemokine (C-X-C motif), receptor 4 (fusin)

Figure 3 Primers and amplification of RT-PCR analysis. The full names of the
genes and their accession numbers are given in bold in Tables 1 and 2. Sense
and anti-sense primers were used to detect mRNA expression of the indicated
genes by RT-PCR. The last two columns give the quantity of total RNA added
to each RT-PCR reaction and the number of PCR cycles for PCR amplification
used for RT-PCR analysis in MCP-1 treated U937 cells (+, MCP-1 treated). The
same RT-PCR conditions were used for U937 cells (-, controls). -actin was
used as a quantitative control (sense: 5’-GGCATCCTCACCCTGAAGTA-3’;
antisense: 5’-CCATCTCTTGCTCGAAGTCC-3’; 60 ℃; 496 bp; 1 g; 30 cycles),
RANTES (sense: 5’-CCCTCACCATCATCCTCACT-3’; antisense: 5’-TCCTTCGAGTGACAAACACG-3’; 50 ℃; 186 bp; 1 g; 30 cycles), GRO (sense: 5’ATTCGGGGCAGAAAGAGAAC-3’; antisense: 5’-ACCCCTTTTATGCATGGTTG3’; 60 ℃; 207 bp; 1 g; 35 cycles), GRO (sense: 5’-GAATTTGGGGCAGAAAATGA-3’; antisense: 5’-CGAACCCTTTTTATGCATGG-3’; 60 ℃; 227 bp; 1 g;
30 cycles) and IL-8 (sense: 5’-AAGGAACCATCTCACTGTGTGTAAAC-3’;
antisense: 5’;-TTAGCACTCCTTGGCAAACTG-3’; 60 ℃; 247 bp; 1 g; 25 cycles).

DISCUSSION
MCP-1 is a CC chemokine that attracts monocytes, memory
T lymphocytes, and natural killer cells. The interaction of
MCP-1 with its receptor is essential for monocyte activation
and induction of chemotaxis during an inflammatory
response. Because of its target cell specificity, MCP-1 has
been postulated to play a pathogenic role in a variety of
diseases characterized by mononuclear cell infiltration,
including atherosclerosis, rheumatoid arthritis, and multiple
sclerosis[6,11]. MCP-1 may exert these effects by influencing
the expression of other chemokines, which is hard to be
demonstrated for the complexity of the chemokine network.
Genechip is a high-throughput method to evaluate hundreds
of genes at one time, so it is the best method to investigate
this complex process and the relationship between MCP-1
and other chemokines and receptors.
Although U937 cell line may differ in some aspects from
human blood macrophages, it expresses functional chemokines
and cytokines as human blood macrophages. The major
advantage of using U937 cells is the homogeneity of the
cell line, allowing comparison of findings between different
experiments. For this reason, we used U937 cells in the
present study to examine macrophage responses to MCP-1,
even though they were not absolutely identical to human
peripheral macrophages.
In the present study, we specifically examined the global
gene expression of chemokines and their receptors, and
demonstrated that MCP-1 could strongly down-regulate the
expression level of the CXC subfamily chemokines: IL-8,
GRO, GRO and granulocyte chemotactic protein 2. MCP1 also could up-regulate the expression level of RANTES
(CC subfamily), down-regulate the expression level of CCL16
(CC subfamily). It had no effect on the expression of XCL2
(C subfamily) and fractalkine (the only member of CX3C
subfamily). In chemokine receptors, it could down-regulate
the expression level of CCR2 and CCR5.

Bian GX et al. Gene expression change in MCP-1 treated U937 cell
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Table 2 Expression of chemokine genes in U937 cell line
Sample/Control

Control/Sample

Unigene symbol

Gene description

1.6

0.6

SCYA3

2.6

0.4

SCYA5

Small inducible cytokine A5 (RANTES)

1.0
1.0

1.0
1.0

SCYA17
SCYA11

Small inducible cytokine subfamily A (Cys-Cys), member 17
Small inducible cytokine subfamily A (Cys-Cys), member 11 (eotaxin)

1.0

1.0

SCYA13

Small inducible cytokine subfamily A (Cys-Cys), member 13

1.0

1.0

SCYA14

Small inducible cytokine subfamily A (Cys-Cys), member 14

0.4
1.0

2.8
1.0

SCYA16
SCYA18

Small inducible cytokine subfamily A (Cys-Cys), member 16
Small inducible cytokine subfamily A (Cys-Cys), member 18,

1.0

1.0

SCYA19

Small inducible cytokine subfamily A (Cys-Cys), member 19

1.0
1.0

1.0
1.0

SCYA20
SCYA21

Small inducible cytokine subfamily A (Cys-Cys), member 20
Small inducible cytokine subfamily A (Cys-Cys), member 21

1.0

1.0

SCYA22

Small inducible cytokine subfamily A (Cys-Cys), member 22

1.0

1.0

SCYA23

Small inducible cytokine subfamily A (Cys-Cys), member 23

1.0
0.0

1.0
469.8

SCYA25
GRO2

Small inducible cytokine subfamily A (Cys-Cys), member 25
GRO (melanoma growth stimulating activity, beta)

0.0

47.6

GRO3

GRO (melanoma growth stimulating activity, gamma)

0.0

34.5

IL8

Interleukin 8

1.0
1.0

1.0
1.0

SCYB11
SCYB5

Small inducible cytokine subfamily B (Cys-X-Cys), member 11
Small inducible cytokine subfamily B (Cys-X-Cys), member 5

0.0

261.6

Small inducible cytokine A3 (homologous to mouse Mip-1a)

pulmonary and activation-regulated

(epithelial-derived neutrophil-activating peptide 78)
SCYB6

Small inducible cytokine subfamily B (Cys-X-Cys), member 6
(granulocyte chemotactic protein 2)
Small inducible cytokine subfamily C, member 2

1.0

1.0

SCYC2

1.0

1.0

SCYD1

Small inducible cytokine subfamily D (Cys-X3-Cys), member 1
(fractalkine, neurotactin)

IL-8, GRO, GRO and granulocyte chemoattractant
protein-2 are all members of the CXC chemokine family.
The GRO proteins are about 90% identical in amino acid
sequence. IL-8 and granulocyte chemoattractant protein-2
are about 40-50% identical to each other and to any of the
GRO proteins. The CXC subfamily can be further subdivided
into ELR + and ELR groups, based on the presence or
absence of the sequence motif glutamic acid-leucine-arginine
(ELR) N-terminal to the first cysteine. They are all ELR+
CXC chemokines. All ELR+ CXC chemokines are powerful
activators of neutrophils and induce chemotaxis, shape change,
a rise in intracellular free calcium levels, exocytosis, and
respiratory burst in vitro and neutrophil accumulation in vivo,
whereas the ELR CXC chemokines are not neutrophil
chemoattractants[12-14]. Our findings suggest that MCP-1,
which activated and chemoattracted monocytes and
macrophages, could depress the infiltration of neutrophils
in inflammation by rendering macrophages to express less
neutrophil chemokines. Many disorders begin as neutrophils
infiltrate at the inflammatory location, and further develop
as monocytes or macrophages infiltrate, MCP-1 then may
be one of the regulating factors of such changes.
RANTES was isolated in a T- vs B-lymphocyte
differential screen, and found to be inducible by mitogens
or antigens in a variety of T-cell lines and circulating
lymphocytes. In vitro, RANTES was nearly as a potent
chemoattractant for monocytes as MCP-1, but was much
less effective in stimulating exocytosis. In endothelial cell-free
assays, RANTES attracted CD4+, CD45R0+ T lymphocytes,
but in transendothelial systems it attracted CD8+ cells as
well as CD4+, and was the most potent CC chemokine for
CD8+ chemoattraction. The first hint about a connection

between chemokines and HIV-1 came from the finding that
RANTES could prevent infection by macrophage-tropic,
nonsyncytium-inducing strains of HIV-1[15].
In vitro ligand binding experiments suggested that the
sole cloned receptor of MCP-1 was CCR2. CCR2 responded
to MCP-1, MCP-3 and MCP-5, but maximum responses were
only obtained to MCP-1. CCR5 could interact with RANTES,
MIP-1, or MCP-2 under physiological conditions[16,17]. CCR5
could also act as a co-receptor in HIV-1-mediated infection
of CD4-positive lymphocytes and microglia. In addition,
the ligands for CCR5 could inhibit infection with certain
strains of HIV-1, and decreased susceptibility to HIV-1
infection has been linked with mutations in CCR5 gene[18,19].
CCR5 was also involved in a diverse array of inflammatory
diseases[11,20,21]. Our findings suggested that MCP-1 might
influence the process of these diseases, although the mechanism
is not clear. Detailed data need to be further explored.
In summary, MCP-1 can influence the expression of some
chemokines and receptors in macrophages in vitro. MCP-1
can also down-regulate the mRNA level of CCR5, which
plays a critical role in many disorders and illnesses. MCP-1
can also greatly change other cytokines of the immune
system, such as IL-18, TNF, IFN. Our findings disclose
some relationship among MCP-1 and other chemokinerelated members, shedding new light on the mechanism of
the function of MCP-1 and the pathogenesis of related
diseases.
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Abstract
AIM: To evaluate the characters, risks and benefits of
laparoscopic cholecystectomy (LC) in cirrhotic portal
hypertension (CPH) patients.
METHODS: Altogether 80 patients with symptomatic
gallbladder disease and CPH, including 41 Child class A,
32 Child class B and 7 Child class C, were randomly divided
into open cholecystectomy (OC) group (38 patients) and LC
group (42 patients). The cohorts were well-matched for
number, age, sex, Child classification and types of disease.
Data of the two groups were collected and analyzed.
RESULTS: In LC group, LC was successfully performed
in 36 cases, and 2 patients were converted to OC for
difficulty in managing bleeding under laparoscope and
dense adhesion of Calot’s triangle. The rate of conversion
was 5.3%. The surgical duration was 62.6±15.2 min. The
operative blood loss was 75.5±15.5 mL. The time to resume
diet was 18.3±6.5 h. Seven postoperative complications
occurred in five patients (13.2%). All patients were dismissed
after an average of 4.6±2.4 d. In OC group, the operation
time was 60.5±17.5 min. The operative blood loss was
112.5±23.5 mL. The time to resume diet was 44.2±10.5 h.
Fifteen postoperative complications occurred in 12
patients (30.0%). All patients were dismissed after an
average of 7.5±3.5 d. There was no significant difference
in operation time between OC and LC group. But LC
offered several advantages over OC, including fewer blood
loss and lower postoperative complication rate, shorter
time to resume diet and shorter length of hospitalization
in patients with CPH.
CONCLUSION: Though LC for patients with CPH is
difficult, it is feasible, relatively safe, and superior to OC.
It is important to know the technical characters of the

operation, and pay more attention to the meticulous
perioperative managements.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
The advantages of laparoscopic cholecystectomy (LC) have
been extensively published, and LC has become the “golden
standard” in treating benign gallbladder diseases[1-4]. When
LC began in the early 1990s, cirrhosis and pregnancy,
previous abdominal surgery, obesity, acute cholecystitis were
considered absolute contraindications for performance of
the laparoscopic technique. Growing experience has allowed
the use of LC in more complex procedures, such as in
cirrhotic patients[5,6]. In recent years, several studies have
reported good results and suggested liberal use of LC in patients
with symptomatic gallbladder disease and cirrhosis[7-10] .
However, its feasibility, benefits and successful use in patients
with cirrhotic portal hypertension (CPH) are meagerly welldocumented. Based on our previous studies on the influence
of LC on the hepatic function and our experience with LC
for cirrhotic patients, we have successively performed LC
in patients with CPH. The present study is a retrospective
analysis comparing the results of OC and LC in patients
with symptomatic gallbladder disease and CPH.
MATERIALS AND METHODS
Eligibility of patients
Altogether 80 patients, including 65 male and 15 female,
aged 52.3±12.2 years, were all diagnosed as symptomatic
gallbladder disease and CPH. The diagnosis was mainly
according to the disease history and ultrasound, spiral CT
and esophageal barium swallow examination results,
combined with laparoscopic examination results of the
typical modular lesions in liver lobes. Clinical signs included
megaspleen (62 cases), widened portal vein (diameter over
14 mm) (52 cases), ascites (27 cases), varices of esophagus
and gastric fundus veins (31 cases). Seventy-one patients
were hepatic cirrhosis (hepatitis B in 58 and hepatitis C in
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13). Nine other patients had alcoholic cirrhosis. The ChildPugh classification system was used to assess the severity
of CPH. On preoperative assessment, 41 patients were
classified as Child class A, 32 were Child class B and 7 were
Child class C. Significant comorbidity was present in 25
(31.3%) patients, including cardiac disease (12 cases),
respiratory compromise (10 cases), diabetes mellitus (6
cases), and renal impairment (3 cases). Nine (11.3%) patients
had disease in more than two organ systems. No previous
upper abdominal operation had been conducted in these
patients. Randomization was done before operation by use
of sealed envelopes. Patients were randomly divided into
OC group (42 cases) and LC group (38 cases). The patients’
characteristics of the two groups are listed in Table 1. These
two groups were well-matched for number, age, sex, Child
classification and types of disease. The study was approved
by the local hospital ethics committee. Written informed
consent to participate in the study was obtained from all
patients.
Table 1 Comparison of patients’ characteristics between two
groups
LC group (n = 38)

OC group (n = 42)

Age (yr)
Sex

50.2±11.6

53.8±14.2

Male

31

34

7

8

A
B

19
15

22
17

C

4

3

3
35

2
40

Female
Child classification

0.606
0.943

0.432

Type of disease
Gallbladder polypus
Gallbladder stones

P

0.761

Methods
Patients underwent standard preoperative workup, including
conventional blood tests, chest radiograph, electrocardiogram,
ultrasonography, spiral CT scan, and/or esophageal barium
swallow examination. No special preparation before
operation was needed for Child class A cases. Hepatic
function protection and supporting, ascites controlling and
portal vein pressure reduction were considered individually
for most Child class B and C cases. If the patient had class
C cirrhosis, attempts were made to improve the patient’s
hepatic function to near class B level. Only after that,
surgical operations arranged were allowed for a safer elective
operation.
The patients were put in the supine position under
general anesthesia with intratracheal intubation. A standard
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four ports laparoscopic procedure was performed for all
LC cases by using two 5-mm and 10-mm ports after
pneumoperitoneum was established using a Veress needle.
The intraabdominal CO2 pressure was controlled at about
1.33 kPa. The OC was completed with a 10-14 cm subxiphoid
incision. A silicon drain was placed in the operation field
for all patients, which was usually pulled out in 24-72 h
after operation.
The patients inhaled oxygen after returning to the ICU
ward. Changes of vital signs were monitored for 24-48 h.
Fluid infusion, anti-inflammation, hemorrhage prevention,
liver function protection and analgesics treatments were
prescribed. Data on these two groups were collected and
analyzed.
Statistical method
SPSS10.0 statistics software was used to establish the
database. Statistical comparisons between OC and LC groups
were made with Student’s t test for categorical variables.
Statistical significance was defined as P<0.05.

RESULTS
In LC group, LC was successfully performed in 36 of 38
cases, including three laparoscopic subtotal cholecystectomies.
Two conversions to OC were necessary. One was due to
difficulty in managing bleeding in the gallbladder bed
under laparoscope and another for dense adhesion of
Calot’s triangle. The rate of conversion was 5.3%. The mean
operative time was 62.6±15.2 min. The operative blood
loss was 75.5±15.5 mL. The mean time to resume diet was
18.3±6.5 h. Seven postoperative complications occurred in
five patients (13.2%). They were tracker infection (one case),
respiratory system infection (one case), urinary system
infection (one case), upper gastrointestinal bleeding (one
case), mild hepatic encephalopathy (one case) and ascites
aggravation (two cases). All patients were cured and
dismissed after 4.6±2.4 d.
While in OC group, the mean operative time was
60.5±17.5 min. The operative blood loss was 112.5±23.5 mL.
The mean time to resume diet was 44.2±10.5 h. Fifteen
postoperative complications occurred in 12 patients (30.0%).
They were wound infection (two cases), respiratory system
infection (four cases), urinary system infection (two cases),
mild hepatic encephalopathy (two cases) and ascites worsening
(five cases). All patients were cured and dismissed after
7.5±3.5 d.
Comparison of perioperative parameters of two groups
is listed in Table 2. There was no significant difference in
operative time between the two groups. But LC offered
several advantages over OC, including fewer blood loss and
lower postoperative complication rate, shorter time to

Table 2 Comparison of perioperative parameters of two groups
Group

Operative time
(min)

Blood loss
(mL)

LC group (n = 38)

62.6±15.2

75.5±17.5

OC group (n = 40)

60.5±17.5

112.5±23.5 b

a

P<0.05, bP<0.01 vs LC.

Time to resume
diet (h)

Postoperative complication
rate (%)

Length of hospitalization
after operation (d)

18.3±6.5

13.2

4.6±2.4

44.2±10.5 b

30.0b

7.5±3.5a

Ji W et al. Laparoscopic cholecystectomy in portal hypertension

resume diet and shorter hospital stay in patients with CPH.

DISCUSSION
In a review of 4 895 postmortem records, Bouchier[11] found
that the frequency of gallbladder stone in patients with
cirrhosis was 29.4%, more than twice the noncirrhotic
frequency. Factors implicated in the higher incidence of
gallbladder disease in these patients include: hypersplenism,
increased levels of estrogen, and increased intravascular
hemolysis with a reduction in gallbladder emptying and
motility. Though there is no definite data on the frequency
of gallbladder diseases in patients with CPH, it is estimated
that the frequency might be 2-5 times higher than the
noncirrhotic’s. Most of these patients remain asymptomatic.
Nevertheless, the management of symptomatic gallbladder
diseases in patients with CPH has remained problematic. In
the early 1980s, OC in cirrhotic patients was associated
with a postoperative mortality ranging from 7% to 26%.
The increased risks led to reluctance to undertake elective
cholecystectomy in patients with cirrhosis and symptomatic
gallbladder disease. By the late 1980s, better surgical results
had been published for cirrhotic patients who underwent
elective cholecystectomy[12]. OC was subsequently considered
as an acceptable therapeutic option in cirrhotic patients with
relatively normal hepatic function. Since the introduction
of LC in 1990s, the question of whether cirrhotic patients
might benefit from this less invasive approach has arisen[13,14].
It is well known that LC allows for shorter hospital stay and
operative time, faster operative rehabilitation, and reduced
wound complications for noncirrhotic patients when compared
with OC. Several recent studies have also demonstrated
that LC in Child A and B cirrhosis was safer and better
tolerated than OC[15-18]. Cholecystectomy for patients with
CPH is more complicated than that for cirrhotic cases.
Excessive blood loss, postoperative liver failure, and sepsis
were the most prominent problems for these special
patients[19]. There have been few reports with limited cases
of OC for patients with CPH. The results were relatively
acceptable. But there has been no such report of LC for
patients with CPH.
In our previous series studies, we have observed that
laparoscopic surgery had obvious influence on the hepatic
function. We have also demonstrated in our animal
experiments that ischemia-reperfusion injury caused by
pneumoperitonium played an important role in liver
impairment. Methods to diminish this injury, for example,
lowering pneumoperitonium pressure, shortening operation
time, perioperative liver function protection and supporting
were also proposed thereafter. We have carefully performed
more than 200 LCs in cirrhotic patients since 1999. Based
on the clinical and experimental experience, we tried LC in
patients with CPH since 2001. This study was designed to
prospectively compare the characters, risks and benefits of
LC and OC in patients with CPH. We found that there was
no significant difference in surgical duration between LC
and OC groups. But LC offered several advantages over
OC, including less amount of intraoperative hemorrhage
and lower postoperative complication rate, reduced time to
resume diet and hospital stay after operation. The results
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of our present study confirm that LC is a relatively feasible
and safe operative approach, and it is superior to OC for
patients with CPH. We speculate that LC can offer the
following advantages for patients with CPH: (1) LC is a
minimally invasive operation, which has little influence on
patients, and ensures a quicker recovery. So it can improve
the patient’s tolerability for cholecystectomy, and thus
extend the indication for cholecystectomy for patients with
CPH[20,21]. (2) Ascitic infection which occurs frequently after
OC, can result in intra-abdominal sepsis and death. Access
to the sterile peritoneal cavity by millimetric (5 and 10 mm)
channels may have an important role in the prevention of
inadvertent bacterial seeding and contamination of the
ascites. (3) Laparoscopy has the ability of magnification,
which is helpful to make observation of minute organ
structures more clearly. It is also beneficial to the observation
of dilated and twisted portal vein branches in the operation
field and congested gallbladder bed, thus can effectively
avoid meaningless injury of blood vessel and the following
bleeding. (4) LC is reported to have fewer postoperative
complications, such as wound infection, incisional hernia
and respiratory, urinary system infection. Reduction of these
common complications is especially important for patients
with CPH[22]. (5) Many patients with CPH also had various
hepatitis virus infection. During laparoscopic surgical
operation, the surgeon did not directly touch the patient’s
blood and viscera, so that the possibility of iatrogenic
infections could be reduced. (6) Some patients with CPH
may accept liver transplantation in the future. LC, without
opening abdominal cavity, offers the potential for fewer
right upper quadrant adhesions postoperatively. This will
benefit liver transplantation.
LC still has shortages and our management measures to
overcome them for patients with CPH included: (1) During
LC, CO2 pneumoperitonium can cause ischemia-reperfusion
injury to the internal organs, such as liver and kidney.
This may aggravate the damage of the hepatic function.
Since this injury was positively correlated with the pressure
of pneumoperitonium [23-25], we routinely establish the
pneumoperitonium with a lower flow of CO2, maintain the
intra-abdominal pressure at about 1.33 kPa, and gradually
relieve the pneumoperitonium after LC. We think these can
reduce further damage to hepatic function. It has been
reported that gasless pneumoperitonium can avoid ischemiareperfusion injury to the internal organs. But we have no
such experience. It may be worth trying. (2) It may not be
as direct and convenient for LC in managing bleeding under
laparoscope, especially when extensive bleeding and
permeating bleeding occurred. We think it is critical for
operators to proficiently master laparoscopic techniques as
compression, electronic coagulation, and transfix. On the
other hand, complete preparation of various laparoscopic
apparatus is suggested. (3) Sometimes CPH can lead to
atrophy-hypertrophy and displacement of liver lobes. This
may cause inconvenient exposure of operative field under
laparoscope. Adjustment of the tracker location is usually
needed in this situation.
The results of this series indicated that LC for patients
with CPH in the management of symptomatic gallbladder
diseases is feasible and relatively safe. Nevertheless, the

2516

ISSN 1007-9327

CN 14-1219/ R

World J Gastroenterol

procedure is still complicated and highly difficult which
associates with significant morbidity compared with that of
patients without cirrhosis[26]. LC for patients with CPH should
be performed by experienced laparoscopic surgeons. We
think that more attention should be paid to the following
aspects: (1) Functions of important organs, such as liver,
kidney, heart, lung, should be carefully checked before the
operation to make clear patients’ general status. Individual
preoperative preparation should be conducted mainly based
on patients’ Child classification. Generally, no special
preparation was needed for Child class A cases. Special
individual measures should be taken to improve the patient’s
liver function for class B and C cases. For the patients with
class C cirrhosis, attempts should be made to improve the
patients’ hepatic function to near class B, then surgical
operation was arranged. Attempts which we have made
included hepatic function protection, control of ascites,
nutritional support, coagulation function amelioration and
portal vein pressure reduction to allow for a safer elective
operation. Correction of coagulopathy with platelets or fresh
frozen plasma before surgery is advised, and availability of
these products intraoperatively is essential. (2) Bleeding
complications are significantly more common in patients
with CPH. Several technical modifications should be made[27].
At the commencement of the laparoscopic procedure,
special care should be taken during trocar insertion to avoid
injury to dilated abdominal wall veins. The subxiphoid 5-mm
port was placed more to the right of the midline to completely
avoid the falciform ligament and its accompanying umbilical
vein. Portal hypertension with large venous collaterals in
the liver hilum provides a major challenge in the surgical
management of the biliary tract[28]. This pathology is a major
source of intraoperative and postoperative complications.
We believe that meticulous care be taken to maintain
hemostasis. Extreme caution with constant control of
hemostasis was the hallmark of the procedure. Blunt
dissection was avoided to minimize bleeding once the cystic
duct was identified and divided and all tissues were clipped/
ligated and cut. A variety of techniques other than unipolar
electrocautery, including argon beam coagulation, ultrasonic
dissection, and thrombin spray are available for use[29,30]. In
a few cases, involving large collateral veins around the
gallbladder, when severe bleeding is likely from large varices,
subtotal cholecystectomy could be performed to prevent
massive blood loss from the gallbladder bed[31,32]. This
technique avoids dissection in the hepatic hilum. In our
patient population, this maneuver was necessary in three
patients. Surgeons should be aware of this procedure to
lessen the risk of excessive blood loss during LC. All access
ports were checked internally for bleeding just before
completion of the procedure. Drainage of the operative
field was performed routinely for all patients in this study,
which was pulled out in 24-48 h after operation. This is
helpful for postoperative observation and management. (3)
In recent reports, conversion rates during LC ranged from
0% to 9%[33] . In this study, the rate of conversion to OC
was 5.3%, which was similar to published data for LC
conversion in a noncirrhotic patient population. A low
threshold for conversion from LC to OC should be maintained.
Conversion is not a complication, but a means to prevent
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more serious problems. Absolute indications for conversion
include bleeding not readily controlled laparoscopically and
an inability to recognize the anatomy properly[34,35]. The
surgeon should not be reluctant to convert immediately to
OC when there is uncertainty about the safety and efficiency
of the operative procedure.
Our study has demonstrated the feasibility and advantages
of LC in well-compensated patients with CPH. In the
hands of an experienced surgical team, LC should be the
procedure of choice in the treatment of gallbladder disease
in these patients. We believe that along with further
understanding of LC technique characteristics in patients
with CPH, continuous improvements in the perioperative
management, the expansive application of new surgical
operation apparatus (such as ultrasound knife), as well as
improvement of operator’s technical skills, more and more
patients with CPH will benefit from LC in the near future.
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Abstract
AIM: To observe the effect of anti-tuberculosis therapy
on liver function of pulmonary tuberculosis patients with
hepatitis B virus (HBV) infection, and to compare the
differences of liver function by two treatments of antituberculosis.
METHODS: Forty-seven TB patients with HBV infection
and 170 TB patients without HBV infection were divided
into HPBE(S) and HLAMKO treatment groups. Liver function
tests before and after the treatments were performed
once in 2 wk or monthly, and their clinical manifestations
were recorded.
RESULTS: The rate of hepatotoxicity occurred in 26 (59%)
TB patients with HBV during anti-TB treatment, higher than
that in 40 (24%) TB patients without HBV. Hepatotoxicity
occurred in 66 out of 217 patients, and the incidence of
liver dysfunction was 46.1% in HPBE(S) group, significantly
higher than that in HLAMKO group (12.7%) (P<0.01).
CONCLUSION: TB patients with HBV should choose
HLAMKO treatment because of fewer hepatotoxicity.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
In recent years, the occurrence of tuberculosis has been

increasing obviously[1,2], and many tubercle bacilli are resistant
to anti-tuberculosis drugs, so the combination of antituberculosis drugs has become essential. At present, most
commonly used anti-TB drugs are more or less hepatotoxic,
especially when several anti-TB drugs are used in combination.
Liver dysfunction caused by anti-TB drugs often results in
interruption of anti-TB therapy and acute hepatic failure,
which even threatens patient’s life[3,4]. In China, a large
number of people are carrying hepatitis B virus (HBV), so
tuberculosis patients are very commonly infected with HBV.
When these patients are treated by anti-TB medicines, is it
easier to show liver dysfunction because of infection with
HBV[5-9] ? We analyzed the effect of anti-TB therapy on
liver function of patients with pulmonary tuberculosis
infected with HBV and compared the hepatotoxicity of an
anti-TB plan (HPBES, including isonicazide, rifampicin,
pyrazinamide, ethambutol, streptomycin) with that of another
anti-TB plan-HLAMKO (including isonicazide, rifabutin,
amikacin, ofloxacin, levofloxacin). We suggest that physicians
should be careful to use anti-TB medicines for pulmonary
tuberculosis patients with HBV infection and choose antiTB medicines, which cause less liver damage.

MATERIALS AND METHODS
Subjects
Forty-seven patients carrying HBV for 3-15 years were all
inpatients (1996-2001). Of them 28 were men and 19 were
women aged 20-67 years. Their liver function was normal
when they suffered from pulmonary tuberculosis. We also
analyzed 170 outpatients and inpatients (including 108 men
and 62 women) with pulmonary tuberculosis, but without
carrying HBV. All patients were diagnosed as pulmonary
tuberculosis by chest X-ray, medical history, antacid bacillus
in phlegm and TB-PCR [10]. All patients were not infected
with other hepatitis viruses and had no alcoholic liver ailment
or other chronic liver ailment. The values of ALT were all
below 60 U/L before anti-TB therapy, and these patients
did not drink alcohol during the period of therapy. All
patients were matched with the diagnostic standard set up
in 1988[11] , including 118 cases of pulmonary TB types II
and III, 83 cases of tuberculosis pleurisy (type IV), 4 cases
of tuberculosis pericarditis (type V), 7 cases of trachealbronchial TB, 5 cases of thoracic wall TB.
Methods of treatment
Patients were divided into two groups, HPBES group:
isonicazide 0.3 g, once a day; rifampicin 0.45 g once a day,
pyrazinamide 1.0 g once a day, ethambutol 1.0 g once a day
and/or streptomycin 0.75 g once a day; and HLAMKO
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group: isonicazide 0.3 g once a day, rifabutin 0.6 g once a
week, amikacin 0.2 g VD, twice a day, ofloxacin 0.2 g VD,
twice a day or levofloxacin 0.2 g VD, twice a day. The general
conditions of the two groups were not distinguishable
(P>0.05). All patients were treated till the disappearance of
symptoms, smaller focal lesions on breast X-ray film, negative
antacid bacilli in phlegm. The curative effects were graded
as effectiveness: disappearance or improvement of symptoms
and smaller focal lesions on breast X-ray film, remission:
improved symptoms and unchanged focal lesions on breast
X-ray film, inefficiency-without improvement of clinical
symptoms and breast X-ray film.
Parameters detected
Patients’ liver functions were detected by automatic biochemical
analytic apparatus when the patients had empty stomachs.
Anti-HAV, anti-HBV, anti-HCV, anti-HDV, anti-HEV were
detected by ELISA. Liver function of the patients was
examined repeatedly every 2 wk till 2 months after therapy,
then every month. When ALT was above 1 336 IU/L 2-3 mo
after therapy, we defined it as liver dysfunction. However,
if it was below 3 340 IU/L, we still continued the anti-TB
therapy and added some liver protecting and ALT decreasing
medicines including febuprol, biphenydimethylesterate, etc.
But if liver dysfunction was serious (ALT >3 340 IU/L)
and the patients had clinical symptoms and the effect of
treatment was not good, then we stopped using anti-TB
drugs.
Statistical analysis
Data were expressed as mean±SD and the comparison
between groups was analyzed by 2 test or t test.

RESULTS
Clinical characteristics of patients with hepatic damage
Of the 217 patients, ALT kept abnormal (>1 336 IU/L) in
66 patients (30%) for more than 4 wk during the course of
anti-TB therapy. Abnormal ALT appeared 2 mo after antiTB therapy in 48 patients, and 17 patients had symptoms
including fatigue, decreased appetite, dizziness, nausea, etc.
Of the 115 patients using HPBES therapy plan, 53 patients
(46%) had abnormal liver function. Of the 102 patients
using HLAMKO therapy plan, 13 patients (13%) had hepatic
damage (P<0.01, Table 1). One 48-year-old male patient
had acute hepatic necrosis 1 wk after the HPBES therapy
plan and died.
Table 1 Liver dysfunction of 66 patients after anti-TB treatment
(mean±SD)
HPBE (S)
(n = 53)

HLAMKO
(n = 13)

Total
(n = 66)

Age (yr)

43±10

46±13

44±12

Sex (M/F)

38/15

9/4

47/19

22 (8–112)

25 (6–202)

T-Bil (mol/L)

26 (6–202)

Albumin (g/L)

41±5.2

44±6.4

41±6.1

Globulin (g/L)

30±4.8

31±6.2

30±5.7

AST (IU/L)

2 271±37

2 134±42

2 204±41

ALT (IU/L)

2 538±64

2 688±79

2 622±75

Changes of liver function in HBV carriers
Of the 47 HBV carriers without symptoms and physical
signs of hepatitis, 20 patients were positive for HBeAg,
and 26 patients (59%) had liver dysfunction after anti-TB
treatment, only 24% (40/170) of non-HBV carriers had
liver dysfunction (P<0.01), but there was no significant
difference in liver dysfunction between the positive and
negative HBeAg groups. In the 47 pulmonary tuberculosis
patients carrying HBV, the percent of the HPBES group with
hepatic damage was 80% (8/10), but that of the HLAMKO
group with hepatic damage was 30.4% (3/10) (P<0.01). The
percent of liver dysfunction in non-HBV carriers receiving
HLAMKO plan was 7.6% (Table 2).

Table 2 Effect of HBV on liver function after anti-TB treatment (%)
Group
HBV carriers

HPBE(S) (%)

HLAMKO (%)

19/24 (79.2)b

7/23 (30)b

+

d

HBeAg

8/10 (80)

HBeAg–

11/14 (79)

4/13 (31)

Noncarriers

34/91 (37)

6/79 (8)

3/10 (30)

b

P<0.01 vs noncarriers, dP<0.01 vs HPBE(S).

Comparison between the two therapy plans
One hundred and fifteen patients used the HPBES plan.
The time of treatment was 32±10 d. The treatment was
effective for 64% (74/115), alleviative for 28% (32/115),
inefficient for 7% (9/115) patients. Fifty-nine patients had
serious side effects (hepatic damage mainly), and 15 (25%)
stopped the therapy because of it.
One hundred and two patients used the HLAMKO plan.
The time of treatment was 35±10 d. The treatment was
effective for 63% (65/102), alleviative for 36% (37/102),
inefficient for 3% (3/102) patients. Seventeen patients had
side effects, 2 (11%) stopped the therapy because of rash,
and 13 had liver dysfunction, but completed anti-TB
treatment.
The time of treatment and the curative effect between
the two plans were not significantly different (P>0.05). The
number of patients stopping anti-TB treatment because of
side effects in HPBES group was much more than that in
HLAMKO group. Most of the side effects were hepatic
damage.

DISCUSSION
Hepatic damage caused by drugs is a common side effect
of anti-TB treatment. One reason is hepatotoxicity of drugs.
Enzymes for drug metabolism in hepatocyte microsomes
may have congenital defect, malformation, low activity, or
be inhibited by drugs, so drugs or drug metabolites are very
toxic to hepatocytes. The other reason is hypersensitivity
by drugs. The drugs as a hapten cause allergic reaction by
immune mechanism leading to the single ALT increase in
clinical situation. Commonly used anti-TB drugs, such as
isonicazide, rifampicin, pyrazinamide, ethambutol, etc., are
all hepatotoxic, especially when rifampicin and pyrazinamide
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are used in combination[12]. Isonicazide causes hepatic damage
either by the toxicity of or hypersensitivity induced by its
metabolite-acehydrazide. Rifampicin may accelerate the
metabolism of isonicazide as a strong enzyme inducer resulting
in the increase of acehydrazide. Acehydrazide combines with
biomacromolecules in liver leading to hepatocellular damage
usually seen in aged patients with excessive drinking,
malnutrition or a liver ailment. Pyrazinamide’s hepatotoxicity
is dose-dependent and the general dose rarely causes hepatic
damage. Isonicazide and rifampicin are the first line antiTB medicines because of their strong bactericidal effects.
However, rifabutin, amikacin, ofloxacin, levofloxacin, etc.,
in the HLAMKO treatment plan have not been reported
with obvious hepatotoxicity[13,14]. We found that the incidence
of liver dysfunction was significantly higher in regimen
HPBE(S) (46.1%) compared with HLAMKO (12.7%)
(P<0.01). We think that HLAMKO treatment plan is superior
regarding its fewer hepatotoxicities.
There are many risk factors of hepatic damage during the
course of anti-TB treatment, such as the type of tuberculosis,
recurred tuberculosis, HBV infection, alcohol drinking, age,
nutrition status, heredity, individual difference and immune
status, etc. Scholars outside China reported that most of
hepatocytes in HBV carriers without clinical symptoms had
changes in histology and spot necrosis in some hepatocytes.
One researcher took liver biopsy from 25 pulmonary
tuberculosis patients with HBV infection during the course
of anti-TB treatment and discovered that all the patients with
liver dysfunction suffered from viral hepatitis, even liver
cirrhosis. Hepatic damage of the patients with pulmonary
tuberculosis during the course of anti-TB treatment was
related to HBV infection and pre-existing pathologic changes
in liver. Anti-TB medicines only aggravated pre-existing
hepatic damage[15,16]. So, HBV infection or pre-existing liver
ailment might be an important risk factor[17,18]. Hepatotoxicity
caused by anti-TB medicines was liable to happen in the
first 2-3 mo of aggressive anti-TB treatment. Hepatic
damage of the patients with positive HBV was caused by
viral damage overlapped by medicine damage[4]. In our study,
the rate of hepatotoxicity in 26 (59%) TB patients with
HBV infection during anti-TB treatment was higher than
that in 40 (24%) patients without HBV, and the incidence
of liver dysfunction was significantly higher in regimen
HPBE(S) (80%) with HBV infection compared with
HLAMKO (30%) (P<0.01). However, the percent of liver
dysfunction in non-HBV carriers accepting HLAMKO plan
was 7.6%. So, TB patients with HBV infection should choose
HLAMKO with fewer liver hepatotoxicity, and we should
pay great attention to associated risk factors of hepatic
damage.
Hepatotoxicity caused by anti-TB medicines usually
happened in the first 2-3 mo of anti-TB treatment. In our
study, 66 out of 217 patients had hepatic damage which
happened in 21 patients within 1 mo, in 45 patients within
2 mo. We should inform the patients the possible side effects
and get co-operation of the patients and choose the
treatment plan with efficiency and the least side effects.
Furthermore, we should monitor liver function of the
patients. If the patients suffered from hepatic damage
during the course of anti-TB treatment, it should be
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stopped, but some scholars did not agree with drug
withdrawal[8], as it could increase the tolerance of TB. Some
data demonstrated that tuberculosis patients with HBV
receiving anti-TB treatment and liver protecting treatment
simultaneously did not suffer from hepatic damage and
jaundice. So, we used liver protectors when the patients’ ALT
was above 80 IU/L because the liver protecting drugs could
relieve the liver dysfunction caused by anti-TB medicines
by getting rid of the toxin in liver and improving the repair
and regeneration of liver cell membranes. After using liver
protecting drugs, we monitored liver function every week.
If liver function did not improve, we adjusted liver
protecting drugs and continued to observe the patients for
2-3 wk, if still liver function did not improve, we might stop
isonicazide, rifampicin or pyrazinamide.
Pulmonary tuberculosis patients with HBV were more
sensitive to hepatotoxic drugs because of pre-existing hepatic
damage and liver function of these patients improved more
slowly. The hepatitis induced by hepatotoxic drugs still kept
for some time after anti-TB treatment ended, we should
still monitor liver function and give proper treatment after
completion of anti-TB treatment.
It is important to pay attention to the risk factors, such
as liver disease family history, excessive drinking, age, HBVHCV carrier, etc., and prevent the hepatic damage caused
by anti-TB medicines. We should observe the patients more
carefully and monitor liver function every 1-2 wk in the
early course of anti-TB treatment. We must adjust anti-TB
treatment plan and choose slight hepatotoxic drugs and use
liver protecting drugs in patients with HBV infection,
therefore, we may decrease the incidence of hepatitis induced
by drugs and increase the cure rate of tuberculosis.
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Abstract
AIM: CMU-1 is a new preservation solution with a low potassium
concentration as well as low viscosity that is highly effective
in reducing preservation injury. The purpose of this experiment
is to compare the protective effect of CMU-1 solution with that
of UW during cold preservation and normothermic reperfusion.
METHODS: Wistar rats were divided into two groups
according to different preservation solution: CMU-1 group
and UW group. After 6, 12 and 24 h cold storage of rat
liver in different preservation solutions, the isolated
perfused rat liver model was applied to reperfuse the
liver for 120 min normothermically (37 ℃) with KrebsHenseleit solution, meanwhile the pH value of the preservation
solution was measured. The perfusate was sampled for the
evaluation of alanine aminotransferase (ALT) and lactate
dehydrogenase (LDH). At the end of the reperfusion, all
of the bile product was collected, energy metabolic substrate
and histological examination were performed.
RESULTS: After preserving for 6 h, pH value of both groups
did not change; after 12 h, both decreased but with no
significant difference. After 24 h, pH value in UW solution
group significantly decreased. The total adenine nucleotides
level and AEC in liver tissue decreased with preservation
time, but they were higher in CMU-1 group. And the
amount of bile product after perfusion for 120 min in CMU1 group was much more than that in UW group. However,
there were no significant differences in ALT and LDH levels
between two groups. Histology showed no difference.
CONCLUSION: The preservation effect of CMU-1 solution is
similar with that of UW solution. However, CMU-1 solution
shows some advantages over UW solution in energy metabolism, preventing intracellular acidosis and bile product.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
For liver transplantation, hypothermic storage with the
University of Wisconsin (UW) solution has been regarded
as the golden standard[1]. This preservation solution efficiently
prevents organ damage and allows prolonged storage of
human livers[2], but its high viscosity results in less optimal
perfusion and its high potassium concentration requires a
pre-flush of liver grafts before reflow in the recipient. The
CMU-1, a new preservation solution, was developed by
China Medical University for hypothermic graft preservation.
In this study, we investigated the preservative effect of
CMU-1 solution using an isolated perfused rat liver model.
MATERIALS AND METHODS
Materials
The male Wistar rats (BW 250±20 g, provided by the Animal
Center of China Medical University) were divided into groups
as following: UW group: After 6 h (T6, n = 6), 12 h (T12,
n = 6), 24 h (T24, n = 6) cold storage (40 ℃) in UW solution,
the liver was reperfused by Krebs-Henseleit solution (370 ℃)
oxygenated with 95% O2 and 50 mL/L CO2 for 120 min.
CMU-1 group: The treatment was the same as that of the
UW group except that the preservation solution was CMU-1
solution instead of the UW solution. The compositions of
the UW and CMU-1 solution are listed in Table 1.
Table 1 Composition of UW and CMU-1 solutions
Substrate (mmol/L)
+

Na
K+
H2PO4Lactobionate
Raffinose
Hydroxyl-ethyl-starch
Dextran-40
Histidine
Adenosine
Allopurinol
Glutathione
Insulin
Dexamethasone
pH
Osmolarity
Viscosity

UW

CMU-1

30
125
25
100
30
50 g/L
–
–
5
1
3
100 IU/L
8
7.4±0.2
320 mosm/L
7.5 mpas

125
25
25
100
25
–
50 g/L
60
–
–
–
–
–
7.4±0.2
340 mosm/L
5.2 mpas
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Methods
The rat livers were procured by Kamamda method and
flushed in situ via portal vein by 50 mL 4 ℃ cold storage
solution (UW or CMU-1) containing heparin (10 units/100 g)
at the height of 40 cm by gravity[3]. The common bile duct
was cannulized by a catheter. The liver was preserved in UW
or CMU-1 solution for 6, 12 and 24 h. At the end of the
preservation, the preservative solution was collected to measure
the pH value to evaluate solution buffer capacity. Subsequently,
the livers were placed in a perfusion cabinet at 37 ℃, and
reperfused with 200 mL recirculating Krebs-Henseleit solution
(containing 5% bovine albumin serum and 20 mol/L sodium
taurocholate). The perfusate pressure was 20 cm H2O
and the flow was measured by a monitor as 6-8 mL/min.
The perfusate was saturated with O2:CO2 (95%:5%)[4,5].
The perfusate samples of 3 mL was collected at 0, 30, 60
and 120 min of reperfusion for determination of ALT
and lactate dehydrogenase (LDH) by auto-analysis system.
At the end of each experiment, histological examination
was performed in biopsies obtained from the left lateral
lobe of livers. For determination of value of ATP, ADP
and AMP in liver tissue by high performance liquid
chromatography (HPLC), biopsies of 50 mm was taken,
chilled in liquid nitrogen and stored at -70 ℃. The value of
total adenine nucleotides (TAN) and adenine concentration
evaluate (ACE) were calculated as follows: TAN = ATP
+ADP+AMP, ACE = (ATP+0.5ADP)/TAN. At the end of
perfusion, the bile was collected through the catheter.
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after 120 min normothermic reperfusion is shown in Table 3.
Before 6 h cold storage, no difference was found between
the two groups. After 12 and 24 h cold storage, CMU1 group was significantly higher than that in UW group
(Table 3, P<0.05).

Table 3 Bile flow after perfusion for 120 min (mL/kg)
Group

6h

12 h

24 h

UW
CMU-1

244±12
249±11

197±3
201±4 a

134±5
144±7c

a

P<0.05 CMU-1 vs UW group; cP<0.05 CMU-1 vs UW group.

ALT and LDH values of the perfusion solution
The ALT and LDH values of CMU-1 group in three
preservation intervals were similar to those of UW group.
There was no significant difference between the two groups
(Tables 4 and 5, P>0.05).

Table 4 The value of ALT in the three intervals (IU/L)
Group

0

30

60

120 min

UW
6h

17.1±1.2

65.4±2.0

88.7±1.5

321.9±2.7

12 h
24 h

28.3±3.5
52±3.0

80.5±1.6
108.7±2.5

122.1±2.1
403.7±3.1

408.7±5.6
506.7±6.3
319.1±5.4

CMU-1

Statistical analysis
Results were expressed as mean±SD. The data were
analyzed with SPSS10.0; P values below 0.05 were considered
statistically significant.

6h

17.8±2.1

66.1±1.1

87.4±1.8

12 h

31.5±1.9

79.9±2.5

125.4±2.9

419.3±6.3

4h

48.8±1.8

110.3±2.6

398.9±4.1

510.3±4.9

Table 5 Value of LDH in the three intervals (IU/L)

RESULTS
Energy material level in liver tissue
With the prolonged preservation time, the level of TAN and
AEC decreased. While those of the CMU-1 group reduced
more slowly than UW group, and after cold storage, the levels
of TAN and ACE in CMU-1 group were significantly higher
than those in UW group (Table 2, P<0.05).

Group
UW
6h

0

30

60

120 min

805.2±11.5

228.5±5.6

378.9±4.7

499.1±10.4

12 h

380.2±4.2

480.7±6.7

600.3±11.1

24 h

487.5±3.8

579.6±7.3

1 102±3.5

CMU-1
6h

218.5±7.4

381.6±5.7

502.4±8.6

811.3±15.6

12 h

407.2±9.1

465.7±3.9

589.7±6.9

904.6±13.9

24 h

478.5±4.3

580.7±2.9

1 109±7.9

1 302±14.2

900±13.1
1 209±12.8

Table 2 Value of TAN and AEC after perfusate for 120 min
Group
UW

CMU-1

Time (h)

TAN

AEC

6

15.14±2.13

0.56±0.04

12

14.31±2.10

0.45±0.03

24

13.44±1.08

0.43±0.02

6

16.15±2.41a

0.59±0.03 g

c

12

15.44±1.80

24

14.54±1.89e

0.51±0.01 i
0.48±0.02 k

P<0.05 CMU-1 vs UW group; cP<0.05 CMU-1 vs UW group; eP<0.05 CMU-1 vs
UW group; gP<0.05 CMU-1 vs UW group; iP<0.05 CMU-1 vs UW group; kP<0.05
CMU-1 vs UW group.

Histology
After 24 h cold storage, the hepatic lobule structure of the
UW group and CMU-1 group was still intact, but some
sinusoidal regions became slightly narrow for swelling
hepatocytes. The hepatic cords were still clear. The sinusoidal
endothelium were normal with mild swelling and rounding.
Histology showed no significant difference between the
two groups.

a

Bile product after reperfusion
The yellow bile was seen in the common bile duct catheter
when the reperfusion began. The result of bile product

The pH value of preservation solution
After 6 h cold storage there was little change in the pH values
of the two solutions. After 12 h, the values of UW and
CMU-1 solution was reduced to 7.32±0.03 and 7.35±0.02,
respectively, there were no significant differences between
the two groups. While after 24 h, the value of UW solution
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was 7.0±0.03, but the value of CMU-1 solution remained
7.3±0.02. There was a significant difference between the
two groups after being preserved for 24 h.

DISCUSSION
Though UW solution is considered as the standard preservation
solution for liver, it still has some shortcomings such as high
potassium, high viscosity, poor buffering capacity and so
on. CMU-1 solution developed by China Medical University
is a kind of hypernatrium solution. The main features are
the following: (1) CMU-1 solution is a high-sodium, lowpotassium solution that can avoid endothelial injury of the
blood vessel during reperfusion. Liver preservation in high
sodium solution would reduce damage to sinusoidal endothelial
cells and hepatocytes[6]. It was hypothesized that Kupffer
cells should be less activated and reperfusion injury reduced
with the rat liver in cold storage of high-sodium solution[7-9] .
(2) It has a potent buffer system-histidine along with the
phosphate, which is effective in preventing the tissue from
acidosis. Histidine as an impermeable anion can effectively
prevent cells from swelling. (3) The colloid in CMU-1
solution is Dextran-40 instead of HES. The viscosity of
the solution reduced from 7.5 to 5.2 mPas. Dextran-40 can
prevent red cells congregate, protect endothelial cells and
improve the liver microcirculation during preservation and
reperfusion[10].
Under ischemic preservation conditions, production of
ATP is reduced[11]. Depletion of ATP sources can result in
disruption of cell homeostasis, as evidenced by the inability
to keep the Na+-K + pump, consequently, water moves
intracellularly due to the high osmotic gradient resulting in
cell swelling. In this condition, the extracelluar osmotic and
electric charge gradients formed mainly by the impermeable
anion (histidine and raffinose) and colloid (Dextran-40) in
the preservation solution can effectively prevent water move
intracellularly[12]. Furthermore, in hypothermic preservation
condition, the Na+-K+ATPase on the hepatocelluar membrane
is still active, and its activity is related to the intracellular
concentration of Na+ and extracellular concentration of
K+[13]. In the hypernatrium solution, the active Na+-K+ATPase
can keep the balance of the ion and cellular activity. High
potassium not only damages the blood vessel, but also inhibits
the activity of the Na+-K+ATPase and delay the graft recovery
after reperfusion[14]. Therefore, the hypernatrium solution
can protect the hepatocytes and sinusoid endothelial cells
effectively, while avoiding high potassium injury.
The ATP level in liver tissue is in direct proportion to the
survival rate after transplantation[15]. In this study, the levels
of TAN and ACE in CMU-1 group were significantly higher
than those of the UW group after preservation, as a result of
the bile flow, which is the sensitive index of liver function.
These results may be related to the histidine, which can act
as the metabolic substrate during the preservation[16].
As a neutral amino acid, the isoelectric point of histidine
is 7.59, which is similar to the pH value of the preservation
solution, so it acts as a potent buffer system to prevent
acidosis [17,18]. The results of pH value in CMU-1 and UW
solutions after 24 h cold storage demonstrated that the CMU1 solution has potent buffer capacity and can effectively
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prevent intracellular acidosis.
Common parameters in the assessment of I/R injury in
the liver are the release of ALT and LDH into the blood or
perfusate. These enzymes are released only after the cell
membrane has been injured, and the late phenomenon of
I/R injury which indicates the damage of hepatocytes. In
this study we found that there was no obvious difference
between CMU-1 and UW groups in the three intervals.
The results of ALT and LDH showed that the damage to
the hepatocytes was similar, and CMU-1 and UW solution
had the same liver protection effect after 24-h cold storage,
as indicated by histology.
Bile production during reperfusion is a commonly applied
marker of liver function and is determined by microcirculatory
perfusion and the quality of hepatocytes[19]. It is reported
that intracellular ATP level is highly correlated to bile
production in the early reperfusion phase after transplantation
of hypothermically stored rat livers[20] . In this study, no
differences in bile production during 120-min reperfusion
could be demonstrated between the differently preserved
groups before 6-h cold storage, but after 12-h cold storage,
the difference between CMU-1 group and UW group
appeared. Especially after 24-h cold storage, the difference
became more obvious. This result was correlated with the
changes of TAN and ACE.
From the above results, we concluded that CMU-1 and
UW solutions have the same rat liver protective effect. In
the view of liver energy metabolism, preventing intracellular
acidosis and bile production, the CMU-1 solution is superior
to UW solution.
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Abstract
AIM: To evaluate the therapeutic efficacy of systemic
chemo-immunotherapy for advanced hepatocellular
carcinoma (HCC).
METHODS: Twenty-six patients with advanced HCC were
treated by using systemic chemo-immunotherapy (PIAF
regimen), which consisted of cisplatin (20 mg/m2) intravenously
daily for 4 consecutive day, doxorubicin (40 mg/m 2 )
intravenously on day 1, 5-fluorouracil (400 mg/m 2 )
intravenously daily for 4 consecutive day, and human
recombinant -interferon-2a (5 Mu/m 2 ) subcutaneous
injection daily for 4 consecutive day. The treatment was
repeated every 3 wk, with a maximum of six cycles.
RESULTS: A total of 90 cycles of PIAF treatment were
administered, with a mean number of 3.9 cycles per patient.
Eight patients received six cycles of treatment (group A),
and the remaining 18 were subjected to two to five cycles
(group B). There were 0 complete response, 4 partial
responses, 9 static diseases and 13 progressive diseases,
with a disease control rate of 50% (13/26). The 1-year survival
rate was 24.3%, with a median survival time of 6.0 mo. Group
A had a remarkably better survival as compared with
group B, the 1- and 2-year survival rates were 62.5% vs
6.1% and 32.3% vs 0%, and a median survival time was
12.5 mo vs 5.0 mo (P = 0.001).
CONCLUSION: Systemic chemo-immunotherapy using
PIAF regimen represented an effective treatment and could
improve the survival rate and prolong the survival time in
selected patients with advanced HCC.
© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading causes
of death from malignancies worldwide[1]. Surgical resection
offers the best hope of long-term survival[2,3]. However, only
9-37% of patients are candidates for surgical intervention
due to advanced stage of the disease and/or impaired hepatic
functional reserve[4,6].
Unresectable HCCs have been commonly treated by transcatheter arterial chemoembolization (TACE)[7-10] or imageguided local ablative therapies, including ethanol injection,
radiofrequency ablation and microwave ablation[11-13]. However,
their management, especially those with portal tumor thrombi
or distant metastasis, still remains a major challenge. Systemic
chemotherapy has been used as an alternative modality in
clinical settings, unfortunately, its therapeutic efficacy appears
disappointed[14].
Alpha-interferon (-INF) is one kind of pleiotropic
cytokines secreted by dendritic cells, macrophages and other
hematopoietic cells in response to viral/bacterial infection[15].
In addition to its antiviral capacity, it has an anti-proliferative
effect and a direct anti-tumoral activity[16-20]. Furthermore,
it can enhance anti-tumoral effects of 5-fluorouracil (5-FU)[21-23].
Recently, a combined systemic chemo-immunotherapy
consisting of -INF, 5-FU, doxorubicin and cisplatin (known
as PIAF regimen) was jointly designed by Chinese University
of Hong Kong and the M.D. Anderson Cancer Center of
United States, and has been shown to yield some remarkable
outcomes for inoperable HCC[24,25].
In the present study, we evaluated the therapeutic
efficacy of systemic chemo-immunotherapy for advancedstage HCC.
MATERIALS AND METHODS
Study subjects and clinicopathological data
A total of 26 patients with advanced-stage HCC were
treated by using systemic chemo-immunotherapy (PIAF
regimen) at our hospital between June 2000 and July 2003.
The entry criteria included: age between 18 and 70 years,
absence of cardiovascular and renal diseases, unresectability
of tumors, good general status with Karnofsky performance
score >80%, serum total bilirubin <51.3 mol/L and absence
of massive or intractable ascites, endogenous creatinine
clearance rate >50 mL/min, white blood cell count >3×109/L
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and platelet count >100×10 9/L. Informed consent for
treatment was obtained from each patient.
There were 23 males and 3 females, with a mean age of
46±10 years (range, 27 and 66 years). Twelve of them
(46%) were primarily-treated cases, and the remaining 14
patients (54%) were recurrent cases after liver resection,
with a time interval from initial hepatectomy of less than
1 year in 12 and more than 1 year in 2. Twenty-four of
them (92.3%) were sero-positive for HBsAg. In pretreatment
liver function status, 21 patients (80.8%) had grade A and
5 (19.2%) had grade B in Child-Pugh classification. Eighteen
of them (69.2%) had an elevated serum alpha-fetoprotein
(AFP) level of over 500 g/L prior to treatment, with an
average level of 32 104±18 819 g/L (range, 1 000 and
62 273 g/L).
Twenty-three out of 26 patients had intrahepatic tumors,
including nodular type in 14, massive type in 5 and diffuse
type in 4, with a mean dimension of 8.1±5.3 cm (range,
between 1.0 and 16.4 cm). Portal trunk/major branch tumor
thrombi were presented in 12 patients, superior mesenteric
venous tumor thrombi in 1 and inferior vena cava tumor
thrombi in 1. Nine patients had lung metastatic lesions, two
had bone metastasis and one adrenal gland metastasis.
According to UICC staging system, 1 patient had stage III,
16 had stage IVa and 9 stage IVb.
Administration of systemic chemo-immunotherapy
The PIAF regimen was illustrated in Table 1. One cycle of
the treatment lasted for 4 d. Prior to initiation of the
treatment, a bolus of 3 mg granisetron (Kytril) was given
intravenously to relieve the adverse effects of nausea and
vomiting. Non-steroid anti-inflammatory analgesics were
used to relieve the fever caused by administration of -INF2a. The treatment was repeated at an interval of 3 wk, with
a maximum number of six cycles. If the patients had white
blood cell count <3×109/L prior to any cycle of treatment,
granulocyte-macrophage colony-stimulating factor was
administered and treatment was temporarily delayed until
white blood cell count >3×109/L.
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tomography scanning and chest X-ray examination were
done to evaluate the size and extent of tumors. These imaging
studies were repeated once after each of two to three cycles.
In patients with pretreatment elevated AFP level, serum
AFP was titrated before and after each cycle of treatment.
The therapeutic efficacy was evaluated as follows. Complete
response (CR) was defined as complete disappearance of all
known tumor nodules on imaging studies and normalization
of serum AFP level for at least 4 wk. Partial response (PR)
was defined as no less than 50% reduction in the size of
the largest tumor nodule for at least 4 wk without presence
of new lesions or progression of lesions. Static disease (SD)
was defined as less than 50% reduction, or no more than
25% increase, in the size of the largest tumor nodule for at
least 4 wk. Progressive disease (PD) was defined as more
than 25% increase in the size of the largest tumor nodule
for at least 4 wk or presence of new lesions.
Statistical analysis
The results were expressed as mean±SD. Statistical analysis
was performed by using commercially-available SPSS software
package version 10.0. Student’s t test and 2 test were used
to compare the differences of nominal and numerical variables
between groups, respectively. Survival rate was calculated by
using Kaplan-Meier method and log-rank method was used
to compare its difference between groups. A two-tailed P<0.05
was considered statistically significant.

RESULTS
A total of 90 cycles of PIAF treatment were administered
in 26 patients, with a mean number of 3.9±1.6 cycles per
patient. Eight patients completed six cycles of treatment
(group A), and the remaining 18 received two to five cycles
(group B). The reasons why the patients were treated with
less than six cycles included tumor progression in nine,
intolerance to the treatment in six, death from massive upper
gastrointestinal tract bleeding in two and death from heart
disease in one. There were no significant differences in clinicopathological features between groups A and B (Table 2).

Table 1 Composition of the PIAF regimen
Drugs

Dose (mg/m2
body surface/d)

Cisplatin
20
Doxorubicin
40
5-FU
400
-INF1
5 MU/m2 body surface/d

Route of
administration

Days of use

IV drip
IV injection
IV drip
S.C. injection

Days 1-4
Day 1
Days 1-4
Days 1-4

1
Human recombinant -INF-2a (Shanghai Roche Co.). Abbreviations: IV:
intravenous; S.C.: subcutaneous; MU: million unit.

Monitoring of adverse effects
Complete blood cell count, liver function test and renal
function test were carried out before and after each cycle of
treatment. Any side effect that occurred during the treatment
was recorded.
Assessment of therapeutic efficacy
Before treatment, ultrasound investigation, computerized

Table 2 Comparison of clinicopathological features between groups
A and B

Gender (male:female)
Age (yr)
HBsAg (positive:negative)
Liver function (grade A:B)
AFP (>500 g/L:<500 g/L)
Primarily-treated: Recurrent
Tumor staging (III:IVa:IVb)

Group A (n = 8)

Group B (n = 18)

7:1
46±9
7:1
7:1
6:2
2:6
0:5:3

16:2
45±10
17:1
14:4
12:6
10:8
1:11:6

No CR was achieved in 26 patients. There were 4 PR
(Figure 1), 9 SD and 13 PD. Both PR and SD indicated
that the disease was brought under control, and the disease
control rate was 50% (13/26).
In adverse effects, bone marrow suppression was the most
common, including leukopenia in 14 patients, thrombocytopenia
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in 4 and erythrocytopenia in 2. The other side effects consisted
of vomiting in 11, alopecia in 11, drug fever in 4, renal
insufficiency in 2 and diarrhea in 2.

Figure 1 Bilateral lung metastases (arrowhead on the above panel) in a 47year-old male patient with HCC, at 3.5 mo after hepatectomy and after six
cycles of PIAF treatment (the below panel).

The mean follow-up time was 8.4±7.2 mo (range, 3 and
32.0 mo). Twenty-three patients were dead during follow-up.
The death causes included tumor progression and/or liver
function failure in 20, massive upper gastrointestinal bleeding
in 2 and heart disease in 1. The remaining three were still
alive. The 1-year survival rate was 24.3%, with a median
survival time of 6.0 mo (Figure 2). Group A had a remarkably
better survival in comparison with group B. The 1- and 2year survival rates were 62.5% and 32.3% vs 6.1% and 0%,
the median survival time was 12.5 mo vs 5.0 mo (log rank
= 10.73, P = 0.001, Figure 3).
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Figure 2 Survival curve after PIAF treatment.
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DISCUSSION
The management of advanced-stage HCC still remains a
major challenge. Though TACE has been extensively used,
there still exist some controversies about its therapeutic
efficacy. Of the seven published randomized control trials
comparing TACE with symptomatic treatment for advanced
HCC, two showed a remarkable 2-year survival benefit of
TACE, two indicated a likely trend, and the remaining three
revealed no survival benefit of TACE[26]. Other image-guide
percutaneous therapeutic modalities, such as ethanol
injection, microwave ablation and radiofrequency ablation,
were basically unsuitable for advanced diseases, especially
for those with portal tumor thrombi and/or distant metastasis.
Systemic chemotherapy has been used as an alternative
approach for advanced HCC, but it has been usually associated
with a poor prognosis. A meta-analysis revealed that systemic
monotherapy using adriamycin or 5-FU did not yield any
survival benefit for patients with unresectable HCC[14].
Human recombinant -INF is an immuno-modulatory
cytokine. It has been widely used as an immunotherapeutic
agent against various malignancies, including malignant
melanoma[17], lymphoid malignancies[18], metastatic endocrine
tumors[19], renal cell carcinoma[20,27] and leukemia[28] in clinical
settings. Recently, Kaneko et al[16], demonstrated that -INF
could inhibit matrix metalloproteinase activity, thus yielding
remarkable anti-proliferative and anti-metastatic effects on
human liver cancer cells. PIAF chemo-immunotherapy
represents one kind of combined regimens. It consists of
three chemotherapeutic agents with different anti-tumoral
mechanisms, thus helping enhance the tumoricidal efficacy
and minimize the adverse effects. Moreover, the regimen
takes advantages of synergistic anti-tumoral effects between
-INF and 5-FU. Recently, Leung et al[25], employed PIAF
regimen to treat a series of 149 patients with unresectable
HCC, 18.1% of them were in UICC stage I or II, 14.8% in
stage III and 69.1% in stage IV. A PR rate of 14.8% and a
median survival time of 7.2 mo were reported.
In the present series, the vast majority of patients had a
late-stage disease, with presence of portal trunk tumor thrombi
and/or extrahepatic metastasis in over 80%. According to
UICC classification, over 96% of them were in stage IV.
Such a late-staged disease was usually associated with a
median survival time of no more than 3-4 mo. PIAF
treatment brought the disease under control in 50% of
patients, and yielded a 1-year survival rate of 24.3%, with
a median survival time of 6.0 mo. Furthermore, the patients
who completed six therapeutic cycles had a much better
prognosis. The 1- and 2-year survival rates reached up to
62.5% and 32.3%, respectively, with a median survival time
of 12.5 mo. In terms of therapeutic toxicity, bone marrow
suppression took place at the greatest frequency, but was
usually mild and transient. The treatment seemed to be well
tolerant in most patients. Our results clearly indicate that
PIAF treatment represents an effective treatment, and can
improve the survival rate and prolong the survival time in
selected patients with advanced HCC.

Time (mo)

Figure 3 Comparison of post-treatment survival between groups A and B.
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and/or first name, middle name or initial(s) and full family name.
Abstract
An informative, structured abstract of no more than 250 words should
accompany each manuscript. Abstracts for original contributions should be
structured into the following sections: AIM: Only the purpose should be
included. METHODS: The materials, techniques, instruments and
equipments, and the experimental procedures should be included. RESULTS:
The observatory and experimental results, including data, effects,
outcome, etc. should be included. Authors should present P value where
necessary, and the significant data should accompany. CONCLUSION:
Accurate view and the value of the results should be included.
The format of structured abstracts is at: http://www.wjgnet.com/
wjg/help/11.doc
Key words
Please list 3-10 key words that could reflect content of the study.
Text
For most article types, the main text should be structured into the
following section s: IN TRO DUCTION , M ATE RIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the body
text or Figures and Tables, not both.
Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page.
No detailed legend should be involved under the figures. This part
should add into the text where the figures are applicable. Digital images:
black and white photographs should be scanned and saved in TIFF
format at a resolution of 300 dpi; color images should be saved as
CMYK (print files) and not RGB (screen-viewing files). Place each
photograph in a separate file. Print images: supply images of size no
smaller than 126×76 mm printed on smooth surface paper; label the
image by writing the Figure number and orientation using an arrow.
Photomicrographs: indicate the original magnification and stain in the
legend. Digital Drawings: supply files in EPS if created by Freehand
and Illustrator, or TIFF from P hotoshop. EPS files must be
accompanied by a version in native file format for editing purposes.
Scans of existing line drawings should be scanned at a resolution of
1200 dpi and as close as possible to the size at which they will appear
when printed, not smaller. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes of atrophic
gastritis after treatment. A: ...; B: ...;C: ...; D: ...; E: ...; F: ...; G: ...
Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned
clearly in the main text. Provide a brief title for each table. No detailed
legend should be involved under the tables. This part should add into the
text where the tables are applicable. The information should complement
but not duplicate that contained in the text. Use one horizontal line
under the title, a second under the column heads, and a third below the
Table, above any footnotes. Vertical and italic lines should be omitted.
Notes in tables and illustrations
Data which is not statistically significant should not be noted. aP<0.05,
b
P<0.01 (P>0.05 should not be noted). If there are other series of
P values, cP<0.05 and dP<0.01 are used; Third series of P values can be
expressed as eP<0.05 and fP<0.01. Other notes in tables or under
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illustrations should be expressed as 1 F, 2 F, 3F; or some other symbols
with a superscript (Arabic numerals) in the upper left corner. In a
multi-curve illustration, each curve should be labeled with ●, ○, ■,
□, ▲, △, etc. in a certain sequence.

Statistical expression
Express t test as t(in italics), F test as F(in italics), chi square test as 2
(in Greek), related coefficient as r(in italics), degree of freedom as  (in
Greek), sample number as n(in italics), and probability as P(in italics).

Acknowledgments
Brief acknowledgments of persons who have made genuine contributions
to the manuscripts and who endorse the data and conclusions are
included. Authors are responsible for obtaining written permission to
use any copyrighted text and/or illustrations.

Units
Use SI units. For example: body mass, m(B) = 78 kg; blood pressure, p
(B)=16.2/12.3 kPa; incubation time, t(incubation)=96 h, blood glucose
concentration, c(glucose) 6.4±2.1 mmol/L; blood CEA mass
concentration, p(CEA) = 8.6 24.5 µg/L; CO2 volume fraction, 50 mL/L
CO2 not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin;
and mass fraction, 8 ng/g, etc. Arabic numerals such as 23,243,641
should be read 23 243 641.
The format about how to accurately write common units and
quantum is at: http://www.wjgnet.com/wjg/help/15.doc

References
Cited references should mainly be drawn from journals covered in the
Science Citation Index (http://www.isinet.com) and/or Index Medicus
(http://www.ncbi.nlm.nih.gov/PubMed) databases. Mention all
references in the text, tables and figure legends, and set off by consecutive,
superscripted Arabic numerals. References should be numbered
consecutively in the order in which they appear in the text. Abbreviate
journal title names according to the Index Medicus style (http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?db=journals). Unpublished
observations and personal communications are not listed as references.
The style and punctuation of the references conform to ISO standard
and the Vancouver style (5th edition); see examples below. Reference
lists not conforming to this style could lead to delayed or even rejected
publication status. Examples:
Standard jounal article (list all authors and include the PubMed ID
[PMID] where applicable)
1
2

3

Das KM, Farag SA. Current medical therapy of inflammatory bowel
disease. World J Gastroenterol 2000; 6: 483-489 [PMID: 11819634]
Pan BR, Hodgson HJF, Kalsi J. Hyperglobulinemia in chronic liver
disease: Relationships between in vitro immunoglobulin synthesis,
short lived suppressor cell activity and serum immunoglobulin
levels. Clin Exp Immunol 1984; 55: 546-551 [PMID: 6231144]
Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of
Jianpi Yishen decoction in treatment of Pixu-diarrhoea. Shijie Huaren
Xiaohua Zazhi 1999; 7: 285-287 [CMFAID:1082371101835979]

Books and other monographs (list all authors)
4

Sherlock S, Dooley J. Diseases of the liver and billiary system. 9th
ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all authors)
5

Lam SK. Academic investigator’s perspectives of medical treatment
for peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: investigation
and basis for therapy. New York: Marcel Dekker, 1991: 431-450

Electronic journal (list all authors)
6

Morse SS. Factors in the emergence of infectious diseases. Emerg
Infect Dis serial online, 1995-01-03, cited 1996-06-05; 1(1):24 screens.
Available from: URL: http//www.cdc.gov/ncidod/EID/eid.htm

PMID requirement
From the full reference list, please submit a separate list of those
references embodied in PubMed, keeping the same order as in the full
reference list, with the following information only: (1) abbreviated
journal name and citation (e.g. World J Gastroenterol 2003;9(11):
2400-2403; (2) article title (e.g. Epidemiology of gastroenterologic
cancer in Henan Province, China; (3) full author list (e.g. Lu JB, Sun
XB, Dai DX, Zhu SK, Chang QL, Liu SZ, Duan WJ; (4) PMID (e.g.
14606064). Provide the full abstracts of these references, as quoted
from PubMed on a 3.5 inch disk or CD-ROM in Microsoft Word
format and send by post to The WJG Press. For those references taken
from journals not indexed by Index Medicus, a printed copy of the first
page of the full reference should be submitted. Attach these references
to the end of the manuscript in their order of appearance in the text.
Inappropriate references
Authors should always cite references that are relevant to their article,
and avoid any inappropriate references. Inappropriate references include
those that are linked with a hyphen and the difference between the two
numbers at two sides of the hyphen is more than 5. For example, [1-6],
[2-14] and [1,3,4-10,22] are all considered as inappropriate references.
Authors should not cite their own unrelated published articles.
Statistical data
Present as mean±SD and mean±SE.

Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated unless
they are used repeatedly and the abbreviation is helpful to the reader.
Permissible abbreviations are listed in Units, Symbols and Abbreviations:
A Guide for Biological and Medical Editors and Authors (Ed. Baron DN,
1988) published by The Royal Society of Medicine, London. Certain
commonly used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA,
mAb, can be used directly without further mention.
Italicization
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: Helicobacter pylori, H pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER
ACCEPTED
Please revise your article according to the revision policies of WJG.
The revised version including manuscript and high-resolution image
figures (if any) should be copied on a floppy or compact disk. Author
should send the revised manuscript, along with printed high-resolution
color or black and white photos, copyright transfer letter, the final
check list for authors, and responses to reviewers by a courier (such as
EMS) (submission of revised manuscript by e-mail or on the WJG
Editorial Office Online System is NOT available at present).
Language evaluation
The language of a manuscript will be graded before sending for revision.
(1) Grade A: priority publishing; (2) Grade B: minor language polishing;
(3) Grade C: a great deal of language polishing; (4) Grade D: rejected.
The revised articles should be in grade B or grade A.
Copyright assignment form
It is the policy of WJG to acquire copyright in all contributions. Papers
accepted for publication become the copyright of WJG and authors will
be asked to sign a transfer of copyright form. All authors must read and
agree to the conditions outlined in the Copyright Assignment Form
(which can be downloaded from http://www.wjgnet.com/wjg/help/9.doc).
Final check list for authors
The format is at: http://www.wjgnet.com/wjg/help/13.doc
Responses to reviewers
Please revise your article according to the comments/suggestions of
reviewers. The format for responses to the reviewers’ comments is at:
http://www.wjgnet.com/wjg/help/10.doc
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For paper supported by a foundation, authors should provide a copy of
the document and serial number of the foundation.
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World Journal of Gastroenterology standard of quantities and units
Number

Nonstandard

Standard

Notice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4 days
4 days
day
Four d
2 hours
2 hs
hr, hrs,
10 seconds
10 year
Ten yr
0,1,2 years
0,1,2 year
4 weeks
Four wk
2 months
Two mo
10 minutes
Ten min
50% (V/V)
50% (m/V)
1M
10 M
1N HCl
1N H2SO4
4rd edition
15 year experience
18.5 kDa
25 g.kg-1/d-1
6900
1000 rpm
sec
1 pg·L-1
10 kilograms
13 000 rpm
1000 g
Gene bank
Ten L
Ten mL
umol
30 sec
1 g/dl
OD260
One g/L
A260 nm
b
P<0.05

4d
four days
d
Four days
2h
2h
h
10 s
10 years
Ten years
0,1,2 yr
0,1,2 yr
4 wk
Four weeks
2 mo
Two months
10 min
Ten minutes
500 mL/L
500 g/L
1 mol/L
10 mol/L
1 mol/L HCl
0.5 mol/L H2SO4
4th edition
15- year experience
18.5 ku,18 500u or Mr18 500
25 g/(kg·d) or 25 g/kg per day
6 900
1 000 r/min
s
1 pg/L
10 kg
13 000 g
1 000 r/min
GenBank
Ten liters
Ten milliliters
mol
30 s
10 g/L
A260
One microgram per liter
A260 nm
a
P<0.05

In figures, tables and numerical narration
In text narration
After Arabic numerals
At the beginning of a sentence
After Arabic numerals
After Arabic numerals
After Arabic numerals
After Arabic numerals
In text narration
At the beginning of a sentence
In figures and tables
In figures and tables

45

*F=9.87, §F=25.9,
#
F=67.4
KM
CM
MM
Kg, KG
Gm, gr
nt
l
db
rpm
bq
amp
coul
HZ
w
KPa
p
ev
Jonle
J/mmol
10×10×10cm3
N·km
x±s
Mean±SEM
im
iv
Wang et al
EcoRI
Ecoli
Hp
Iga
igA
-70 kDa

1

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

F=9.87,2F=25.9,
F=67.4
km
cm
mm
kg
g
N
L
dB
r/min
Bq
A
C
Hz
W
kPa
Pa
EV
J
kJ/mol
10 cm×10 cm×10 cm
KN·m
mean±SD
mean±SE
im
iv
Wang et al.
EcoRI
E.coli
H pylori
Iga
IgA
~70 ku

At the beginning of a sentence
In figures and tables
At the beginning of a sentence
At the beginning of a sentence

After Arabic numerals
High speed; g should be in italic and suitable conversion.
Low speed. g cannot be used.
International classified genetic materials collection bank
At the beginning of a sentence
At the beginning of a sentence
10-fold conversion
“OD” has been abandoned.
At the beginning of a sentence
A should be in italic.
In Table, no note is needed if there is no significance in statistics: aP<0.05, bP<0.01
(no note if P>0.05). If there is a second set of P value in the same table, cP<0.05 and
d
P<0.01 are used for a third set: eP<0.05, fP<0.01.
Notices in or under a table

3

kilometer
centimeter
millimeter
kilogram
gram
newton
liter
decibel
rotation per minute
becquerel, a unit symbol
ampere
coulomb
watt
kilo-pascal
pascal
volt (electronic unit)
joule
kilojoule per mole
moment
In figures, tables or text narration
In figures, tables or text narration
intramuscular injection
intravenous injection
Eco in italic and RI in positive. Restriction endonuclease has its prescript form of writing.
Bacteria and other biologic terms have their specific expression.
writing form of genes
writing form of proteins

