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Abstract
Cellular response to genotoxic stress is a very complex
process, and it usually starts with the “sensing” or “detection”
of the DNA damage, followed by a series of events that
include signal transduction and activation of transcription
factors. The activated transcription factors induce expressions
of many genes which are involved in cellular functions such
as DNA repair, cell cycle arrest, and cell death. There have
been extensive studies from multiple disciplines exploring
the mechanisms of cellular genotoxic responses, which have
resulted in the identification of many cellular components
involved in this process, including the mitogen-activated
protein kinases (MAPKs) cascade. Although the initial
activation of protein kinase cascade is not fully understood,
human protein kinases ATM (ataxia-telangiectasia, mutated)
and ATR (ATM and Rad3-related) are emerging as potential
sensors of DNA damage. Current progresses in ATM/ATR
research and related signaling pathways are discussed in
this review, in an effort to facilitate a better understanding
of genotoxic stress response.
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INTRODUCTION
Cellular response to genotoxic stress is a very complex process.
However, it can be “simply” envisioned as a signal transduction
cascade in which DNA lesions act as the initial signal that is
detected by sensors and passed down through transducers.
Eventually the effectors receive the signal and execute various
cellular functions (Figure 1). Much knowledge has been gained
over the years concerning the signal transducers, and a large
group of serine-threonine protein kinases, namely the mitogen-
activated protein kinases (MAPKs), along with their upstream
kinases, have been shown to play prominent roles in cellular

genotoxic responses[1]. Three major classes of MAPKs, i.e.,
extracellular signal-regulated kinase (ERK), c-Jun N-terminal
kinase/stress-activated protein kinase (JNK/SAPK), and p38
(also known as SAPK2, RK, CSBP, or Mxi2), could all be
activated by various genotoxic stresses[1-7]. Although the precise
mechanism has not been fully understood, it is known that
damage to cellular DNA somehow leads to the activation of a
group of serine-threonine kinases called MAPK kinase kinases
(MAPKKK, or MEKK, MEK kinase), which phosphorylate
the downstream dual-specificity kinases called MAPK kinases
(MAPKK, or MEK, MAPK/ERK kinase). These MAPKKs
then phosphorylate the threonine and tyrosine residues in
MAPKs. This three-component module could be assembled
together by scaffold proteins that ensure the efficiency and
specificity of each individual MAPK pathway[8-10]. The activated
MAPKs then translocate to the nucleus and phosphorylate
scores of target proteins, including many transcription factors.
Among these transcription factors is the tumor suppressor p53
protein, which plays such an important role in the genotoxic
stress response that has earned the reputation as the “universal
sensor for genotoxic stress”[2,11,12].

Figure 1  A general schematic representation of cellular re-
sponses to genotoxic stress. Ultraviolet (UV), ionizing radia-
tion (IR), and various chemicals can induce DNA damage, such
as double strand breaks (DSBs), which can be detected by
“sensors”. This generates some signal that can be transduced
by the transducers to effector molecules. Finally, there is the
presence of an attenuation mechanism to control the cellular
response to genotoxic stress.

    Although studies on MAPKs have provided a lot useful
information about signal transducers, the initial sensors for
DNA damage remain to be identified. Recently, it has been
proposed that some multi-protein complexes that are involved
in DNA maintenance or repair, such as the Rad family member
Rad1, 9, 17, 26, and Hus1, might function as DNA damage
sensors[13-18]. Members of the phosphatidylinositol 3-kinase
(PI-3) superfamily, which are activated at the very early stages
of DNA damage response, could also serve as sensors, as
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well as initiators, of the ensuing cellular genotoxic stress
response, including ATM and ATR in humans[19]. Although
these proteins share the PI-3-like kinase domain, they could
not function as lipid kinases, but rather as serine-threonine
protein kinases[14,20-25].

ATM AND ATR

Biochemistry of ATM and ATR
One distinguishing characteristic of the PI-3 family members
is their unusually large size, which ranges from around 300
kDa to over 500 kDa.  ATM is a 3 056 amino acid (aa) protein
while ATR is a 2 644 aa protein, and both have a C-terminal
catalytic domain (-300 aa) which is flanked by two loosely
conserved domains. Although it has not been known how
exactly these two kinases sense the DNA damage, it is clear
that both kinases can be activated by DNA damage. However,
it has been found that ATM responds primarily to double-strand
breaks induced by ionizing irradiation (IR), while ATR also
reacts to UV or stalled replication forks[13,14,26-29].

Activation of ATM and ATR
Several mechanisms have been proposed for the activation of
ATM and ATR by DNA damage: a) direct activation through
interaction with damaged DNA, b) indirect activation through
interaction with DNA repair or maintenance proteins, or c) a
combination of both[30]. Existing experimental data support
the third mechanism, that they are activated both through
interactions with DNA and members of the repair complexes.
For example, ATM could bind directly to DNA. Furthermore,
pre-treatment of DNA-cellulose matrix with IR or restriction
enzymes could stimulate ATM binding, suggesting that ATM
binds to DNA ends[31,32]. ATR could also bind to DNA, with a
higher affinity to UV-damaged than undamaged DNA. In
addition, damaged DNA could stimulate the kinase activity of
ATR to a significantly higher level than undamaged DNA[33,34].
ATM and ATR also interact with many proteins that co-localize
at the site of DNA damage. For example, ATM as a part of a
super protein complex called BRCA1-associated genome
surveillance complex (BASC), is involved in the recognition
and repair of aberrant DNA structures. It has been found  this
complex contains several other proteins such as breast cancer
gene 1 (BRCA1), mismatch-repair protein hRad50, and BLM
helicase[35]. ATM could bind to histone deacetylase HDAC1
both in vitro and in vivo, and the extent of this association was
increased after exposure of MRC5CV1 human fibroblasts to
IR[36]. ATR was also able to bind to Rad17[37] and BRCA1[38],
and associated with components of the nucleosome remodeling
and deacetylating (NRD) complex such as chromodomain-
helicase-DNA-binding protein 4 (CHD4) and histone-
deacetylase-2 (HDAC2)[39]. All these data support the model
that multiple checkpoint protein complexes localize at the sites
of DNA damage independently and interact to trigger the
checkpoint-signaling cascade.

Interaction with c-Abl
c-Abl, a non-receptor tyrosine kinase that is ubiquitously
expressed and localized in both nucleus and cytoplasm, could
be up-regulated following exposure to IR or genotoxic
chemicals such as cisplatin, methyl methane sulfonate (MMS),
mitomycin-C, hydrogen peroxide, but not UV[3,40-42]. IR-induced
activation of c-Abl has been shown to require the involvement
of ATM in some cases, with ATM phosphorylating serine
residue 465 located within the kinase domain of c-Abl[43-45].
However, other studies found that c-Abl was not essential for
ATM function in chromosomal maintenance, suggesting that
c-Abl and ATM are at least partially independent[46].

     An important effect which has been found following the
activation of c-Abl, is the induction of cell cycle arrest in a p53-
dependent manner, with the possible involvement of Rb, but not
p21Cip[47,48]. c-Abl could directly interact with and phosphorylate
p53, and regulate the level of p53 by preventing its nuclear
export and ubiquitination-dependent degradation[49,50]. It could
also induce apoptosis in response to DNA damage[51,52],
although this activity involved collaboration with p73 more
than p53[53-55]. c-Abl binds to p73 through its Src-homology
(SH3) domain to phosphorylate p73 at tyrosine residues, which
in turn activates p73-dependent apoptosis pathway.

Regulation of the tumor suppressor p53 protein
Since p53 is such an important mediator in cellular response
to genotoxic stress, it is no wonder that ATM/ATR can
regulate p53 activity at multiple levels (Figure 2). The most
straightforward way to manage p53 is through direct
interaction, e.g., phosphorylation of p53. Both ATM and ATR
have been shown to phosphorylate p53 protein at serine 15 to
enhance its transactivating activity[56-59]. ATM is also required
for dephosphorylation of Ser 376, which can create a binding
site for 14-3-3 protein. The association of p53 and 14-3-3 could
increase the affinity of p53 for its specific DNA sequence,
therefore enhancing its transcriptional activity[60]. Other sites
that could be phosphorylated by ATM on p53 include Ser 6,
9, 46, and Thr 18, which may be important for the apoptotic
activity of p53 (Ser 46) or may enhance the acetylation of p53
(Ser 6, 9, Thr18)[61]. In addition, ATM/ATR could regulate
p53 through the action of other kinases. For example, ATM-
activated c-Abl could phosphorylate p53 at Ser 20, which is
important for the stabilization of p53 since this modification
interferes with the binding between p53 and its regulator murine
double minute 2 (Mdm2)[49,62]. ATM-activated Chk2 could also
phosphorylate p53 protein at Ser 20 and possibly at other sites,
leading to the activation of p53[63-65]. Furthermore, ATM has
been found able to bind and phosphorylate Mdm2 and HDM2
(the human homologue of Mdm2), thus inhibiting p53
degradation and promoting its accumulation in cells[66-68].

Figure 2  Regulation of p53 protein by ATM and ATR. ATM
and ATR can influence the activity of p53 directly through phos-
phorylation or indirectly through the action of other kinases.
Furthermore, ATM can regulate p53 through phosphorylation
of Mdm2 molecule, the negative regulator of p53, which can
be up-regulated by p53.

Activation of MAPKs
Accumulative data support the notion that the activation of
MAPKs in response to genotoxic stress is ATM/ATR
dependent. For example, DNA damaging stimuli, including
etoposide (ETOP), adriamycin (ADR), IR, and UV could
activate ERK1/2 in primary (MEF and IMR90), immortalized
(NIH3T3) and transformed (MCF-7) cells. It has further been
shown that ERK activation in response to ETOP could be
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abolished in ATM-/- fibroblasts (GM05823) independenty of
p53[69]. UVA (320-400 nm) triggered ATM-dependent p53
phosphorylation and JNK activation that resulted in apoptosis,
while ATR was required for UVC (200-290 nm)-mediated p53
phosphorylation and JNK activation[70]. In addition, activation
of ATM by gamma irradiation could lead to the activation of
MKK6 and p38γ isoform, and that activation of both MKK6
and p38γ was essential for the proper regulation of G2
checkpoint in mammalian cells[71].
     Although the link between ATM/ATR and MAPKs has
been established, it is still not clear how ATM/ATR activates
MAPKs. In general, MAPK pathways are activated by
extracellular signals or signals generated in the cytoplasm, and
then the activated MAPKs transduce the specific “messages”
to the nucleus. However, in response to genotoxic stress, the
signal seems to flow from the nucleus to the cytoplasm to
activate MAPKs. In this case, c-Abl kinase may provide an
explanation. It has been found that c-Abl can activate p38
through MKK6[72-74], and JNK by translocating from nucleus
to cytoplasm to phosphorylate hematopoietic progenitor kinase
(HPK1), an upstream kinase of JNK[75]. Therefore, c-Abl may
fulfill a role as the message carrier to transduce signals between
subcellular locations. This may further explain why in response
to genotoxic stress the activation of p38 was rather late (- 1 h)
and prolonged[71], while the cytokine activation of p38 was
rapid and transient (maximum around 30-60 min)[76].
      In addition to their ability to activate MAPKs, ATM/ATR
may also regulate these kinases through their negative
regulators, the dual specificity of phosphatase MAPK and
phosphatase family (MKP). One member of the MKP family,
MKP-5, is known to dephosphorylate and inactivate the stress-
ac t iv a t ed  JNK an d  p 3 8 .  Th e  p h o sp h o ry la t io n -
dephosphorylation cycle of JNK and p38 stimulated by
radiomimetic chemical neocarzinostatin (NCS), which can
induce double strand breaks (DSBs), could be attenuated in
A-T cells[77], further emphasizing the role of ATM as a master
regulator in the cellular response to genotoxic stress.

Mutations in ATM in association with cancer
Homozygous mutations in the ATM gene can cause human
genetic disorder ataxia-telangiectasia (A-T), which is
characterized by cerebellar degeneration, immunodeficiency,
cancer predisposition, and acute sensitivity to IR. The affected
individual has been found to be prone to develop T cell pro-
lymphocytic leukemia, B cell chronic lymphocytic leukemia,
as well as sporadic colon cancer with microsatellite instability[78].
Atm-deficient mice also showed a striking predisposition to
lymphoid malignancies, particularly thymic lymphomas, to
which they succumbed before the age of 1 year. However, much
of the literature on ATM mutations and cancer was not about A-
T patients, but was, instead, on heterozygous carriers of A-T
mutations. For example, recent studies have found an unusually
high occurrence of breast cancer in the relatives of A-T patients,
and that loss of heterozygosity of ATM occurred frequently
during the early stages of breast cancer development[79].

Furthermore, heterozygous mice were more sensitive to radiation-
induced cataracts than their wild-type counterparts[80]. Spring
et al, established a knock-in mouse mutant in which an inframe
deletion was previously found to cause A-T in humans was
induced. Mice homozygous for this mutation could produce
small amounts of inactive ATM and usually showed the
hallmarks of the Atm-knockout phenotype. Notably, mice
heterozygous for this mutation were predisposed to various
cancers, unlike the animals that carry a single knockout
allele that does not produce any protein[81]. Therefore, ATM
heterozygotes in human population might also be more
radiosensitive, and have a higher risk for cancer[82](Figure 3).
      No human disease has been found to link to defects in ATR,
although it was found that defects in ATR led to embryonic
lethality in mice, suggesting that ATR is essential for of
development of ATR[83,84]. Nonetheless, it is known that over-
expressing the inactive form of ATR had a dominant negative
effect, causing increased sensitivity to DNA damaging stimuli
and failure to activate cell cycle checkpoints in response to
IR[28,85]. Finally, over-expressing active ATR could restore S
phase checkpoint defect in A-T cells, suggesting that ATM
and ATR may complement each other in the cellular genotoxic
stress response[85].

Down-regulation of ATM and ATR
Once the sensors detect DNA damage and initiate the signaling
pathway, and the biological consequences (including DNA
repair, cell cycle arrest, and apoptosis) take effect, the signals
need to be inactivated or attenuated. The regulation of some
downstream components in the cellular genotoxic stress
response has been rather clearly defined, and usually involves
a negative feedback mechanism. One such example is the p53-
Mdm2 regulation loop. In this loop p53 could activate the
expression of Mdm2, and Mdm2 could mediate the rapid
degradation of p53 through the ubiquitin pathway[62]. MAPKs
have a similar feedback regulation mechanism with MKPs.
MAPKs could induce the expression of MKPs, and MKPs then
could interact with specific MAPKs to deactivate them through
dephosphorylation[1]. On the other hand, the mechanisms for
the regulation of ATM and ATR, remain obscure, although
some recent studies have significantly advanced our
understanding.
      In contrast to the vast volume of reports about the activation
of ATM under genotoxic stress, very few studies have been
conducted to evaluate how ATM was inactivated. The results
from these studies so far all pointed toward inactivation of ATM
through Caspase-mediated cleavage during apoptosis[86-88]. This
same mechanism has also been shown to regulate many other
proteins involved in apoptosis, including serine/threonine
protein kinase Cδ (PKCδ), Mdm2, PARP, replication factor
C, 70 kDa U1snRNP, fodrin and lamins[87]. It was reported
that during apoptosis induced by c-Myc or DNA-damaging
agents (such as etoposide or IR), ATM but not ATR, was
specifically cleaved by members of the Caspase family.
Detailed studies revealed that the Caspase responsible for this
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Figure 3  The relationship between ATM and carcinogenesis.
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cleavage was either Caspase-3 or -7, but not Caspase-6. This
cleavage abrogated the kinase activity of ATM to phosphorylate
p53, although the resulting two fragments retained their DNA
binding ability and interacted with each other. This finding
led to the hypothesis that cleaved ATM protein, without its
kinase activity, might act in a trans-dominant-negative fashion
to compete with the intact ATM, thus preventing DNA repair
and DNA damage signaling through its binding to DNA[86-88].
      Even less information is available regarding the inactivation
of ATR. However, the recent identification of an ATR-
interacting protein (ATRIP) might provide a lead for future
studies[89]. ATRIP is an 86-kDa protein with a coiled-coil
domain near its N-terminal and its expression is regulated by
ATR. The deletion of ATR mediated by Cre recombinase could
cause the loss of both ATR and ATRIP expression, along with
the loss of DNA damage checkpoint responses and cell death.
ATRIP could be phosphorylated by ATR and co-localized at
intranuclear foci with ATR after DNA damage caused by
hydroxyurea (HU), IR, or UV, or inhibition of DNA replication.
Conversely, ATRIP could also regulate the expression of ATR,
as inhibition of ATRIP expression with small interference RNA
(siRNA) would result in decreased ATR protein expression,
while ATR mRNA levels would not be affected.  Interference
with ATRIP function could cause the same loss of G2-M
response to DNA damage as that seen in the case of ATR
deletion, suggesting that these two proteins work as mutually
dependent partners in cell cycle checkpoint pathways[89].

CONCLUSION
Human cancer is a major health issue for society, causing
millions of deaths each year and huge economical losses. Since
most of human carcinogens are genotoxins[90,91], considerable
resources have been and are being expended in efforts to
understand the mechanism of  genotoxin- induced
carcinogenesis, thus leading to a better prevention or even the
treatment of cancer. Since the sensing of DNA damage is one
of the earliest steps in the cellular response to gentoxic stress,
identification of these “sensors” is the most prominent
challenge. As discussed in this review, ATM and ATR are
showing their promise as potential candidates. However, what
we should keep in mind is that detection of DNA damage may
not be such a simple process, and may require more than just
one or two proteins to fulfill this role. Supporting this idea is
the finding of “foci” at damaged DNA sites, where many
proteins involved in DNA repair and maintenance aggregate.
It is more likely that interactions of these proteins, combined
with some unidentified factors might function as DNA damage
sensors[92]. Further elucidation of these “foci” will be an exciting
area for future research.
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Abstract
AIM: To study the effect of staurosporine (ST) on the cell
cycle of human gastric cancer cell lines MGC803 and
SGC7901.

METHODS: Cell proliferation was evaluated by trypan blue
dye exclusion method. Apoptotic morphology was observed
under a transmission electron microscope. Changes of cell
cycle and apoptotic peaks of cells were determined by flow
cytometry. Expression of p21WAF1 gene was examined using
immunohistochemistry and RT-PCR.

RESULTS: The growth of MGC803 and SGC7901 cells was
inhibited by ST. The inhibitory concentrations against 50%
cells (IC50) at 24 h and 48 h were 54 ng/ml and 23 ng/ml for
MGC803, and 61 ng/ml and 37 ng/ml for SGC7901. Typical
apoptotic bodies and apoptotic peaks were observed 24 h
after cells were treated wth ST at a concentration of 200
ng/ml. The percentage of cells at G0/G1 phase was decreased
and that of cells at G2/M was increased significantly in the
group treated wth ST at the concentrations of 40 ng/ml,
60 ng/ml, 100 ng/ml for 24 h, compared with the control
group (P<0.01). The expression levels of p21WAF1 gene in
both MGC803 and SGC7901 cells were markedly up-regulated
after treatment with ST.

CONCLUSION: ST can cause arrest of gastric cancer cells
at G2/M phase, which may be one of the mechanisms that
inhibit cell proliferation and cause apoptosis in these cells.
Effect of ST on cells at G2/M phase may be attributed to the
up-regulattion of p21WAF1 gene.

Ha MW, Hou KZ, Liu YP, Yuan Y. Effect of staurosporine on
cycle human gastric cancer cell. World J Gastroenterol  2004;
10(2): 161-166
http://www.wjgnet.com/1007-9327/10/161.asp

INTRODUCTION
Protein kinase C (PKC) isoforms are serine/threonine kinases
involved in signal transduction pathways that govern a wide
range of physiological processes including differentiation,
proliferation, gene expression, membrane transport and

organization of cytoskeletal and extracellular matrix proteins[1].
PKC isoforms are often overexpressed in disease states such
as cancer. The important role they play in the processes relevant
to neoplastic transformation, carcinogenesis and tumor cell
invasion renders PKC a potentially suitable target for anticancer
therapy[2].
      Staurosporine (ST), a microbial alkaloid (indolocarbazole
produced by Streptomyces sp.), has been shown to be a potent
inhibitor of a wide range of protein kinases, including different
serine/threonine and tyrosine protein kinases, which acts by
competing with the ATP-binding region of the kinase catalytic
domain[3]. Staurosporine has been reported to exert various
pharmacological actions involving protein kinase C both in vivo
and in vitro, such as diminishing thrombin enhanced procoagulant
activity, reducing carbachol-induced insulin secretion[4-7]. PKC
function is altered in some neoplasias, and this dysfunction
has been related to uncontrolled proliferation[8,9].
      Completion of the cell cycle requires the coordination of
a variety of macromolecular syntheses, assemblies, and
movements[10]. Coordination of the timing and order of these
processes are achieved by a regulatory system that responds
to checkpoints at major transitions in the cycle. Two key
checkpoints are at the G1/S and G2/M phase transitions. G1 and
G2 cyclins, the cyclin-dependent kinases and cycle kinase
inhibitors (CKI) are responsible for controlling the transitions.
Here, we investigated the effect of the potent phospholipid/
Ca2+-dependent kinase (PKC) inhibitor, ST, on cell cycle of
human gastric cancer cell lines, MGC803 and SGC7901.

MATERIALS AND METHODS

Cell lines and cell culture
Human gastric mucinous adenocarcinoma cell line, MGC803,
was obtained from Department of Immunity, China Medical
University and human gastric carcinoma metastatic lymph node
cell line, SGC7901, was obtained from Laboratory of
Oncology, the First Affiliated Hospital of China Medical
University. The derived cell lines were grown in RPMI 1640
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 5% CO2. Viability of the cells used in these
experiments was consistently more than 95% when evaluated
by the trypan blue exclusion method. Staurosporine was
purchased from Sigma Company (St. Louis, USA).

Analysis of cell viability
Effect of ST on cell growth and viability was measured by
directly counting the number of cells by means of trypan blue
dye exclusion. Cells at a density of 2.5×105/ml were seeded
onto 24-well plates, and then treated with ST at different
concentrations for 24 and 48 h. Control cells were also cultured
at the same time. Cell proliferation and inhibition curves were
drawn, and the inhibitory concentration against 50% cells (IC50)
was determined.

Cell morphological analysis with transmission electron
microscope
Transmission electronic microscope was employed to observe
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the effect of ST on cell apoptosis. Cells (1×106 ) were collected
after being treated with ST at 200 ng/ml for 24 h, washed twice
with PBS solution, centrifuged for 5 min at 1 500 rpm, then
fixed in 2% glutaraldehyde at 4  for 72 h, then placed in 1%
phosphotungstic acid. The cells were desiccated with gradients,
and embedded with EPON-812. Ultrathin sections were
prepared and observed after double staining with uranium and
plumbum under a transmission electron microscope. Each
experiment was repeated four times. At the same time, the
cells without treatment with ST were used as a control group.

Cell cycle analysis
Flow cytometry was employed to determine the DNA content
and the apoptotic peaks of the cells. The cells were seeded on
100 mm-dishes and grown in RPMI-1640 supplemented with
10% FCS. After treated with ST at the concentrations of
40 ng/ml, 60 ng/ml, 100 ng/ml, 200 ng/ml, 500 ng/ml for 24 h
respectively, the cells were harvested, trypsinized, washed
with D-PBS, fixed by adding slowly 2 ml of cold 70% ethanol
into the tube and then stored at 4 . After fixation, the cells
were washed, centrifuged, and resuspended in 0.05 mg/ml
propidium iodide (Fluka Co, MILWAUKEE, USA), 100 units/ml
RNase (Fluka Co, MILWAUKEE, USA) in PBS. The sample
was incubated at room temperature for 30 min, and analyzed
on a FACSCalibur (BD PharMingen, FRANKLIN Lakes,
USA). Cell cycle data originally obtained with Cell Quest
software (BD PharMingen, FRANKLIN Lakes, USA) were
re-analyzed using MODFIT software (Verity Software House,
Topsham, USA). At the same time negative controls were
constructed.

Immunohistochemistry
p21 protein was detected by immunohistochemistry using
specific monoclonal antibody (Maxin Co, Fuzhou, China).
After treated with ST at the concentrations 40 ng/ml, 60 ng/ml,
100 ng/ml for 24 h, respectively, the cells were harvested. At
the same time the negative controls were constructed. The cells
were smeared on a slide with cell smear centrifugal apparatus,
and stained using conventional S-P immunohistochemical
method. Color was developed with DAB reagent and
counterstained with hematoxylin. The cells were observed
under a light microscope. The cells clearly showing brown
color in their nuclei and plasma were considered to be positive
for p21 protein.

Semiquantitative reverse transcription-PCR
The expression of p21 mRNA was determined by RT-PCR.
After treated with ST at the concentration of 60 ng/ml, the
cells were harvested. At the same time the negative controls
were constructed. The cells were washed, and total RNA was
extracted with the Qiagen RNA isolation kit (GIBCO Co., New
York, USA). Aliquots containing 5 µg/ml of RNA from each
treatment were used for the first-strand cDNA synthesis
(TaKaRa Co., Dalian, China). In each reaction, 100 µl solution
containing 3 µM of random hexamers, 25 mM Tris-HCl,
37 mM KCl, 1.5 mM MgCl2, 10 mM DTT, 0.25 mM dNTP,
40 units of RNAsin,an RNase inhibitor, 50 U/ml Super Taq
DNA polymerase, and 200 units of reverse transcriptase was
used. The annealing mixture was incubated at room temperature
for 15 min, and then incubated in a water bath at 41  for
60 min. The reverse transcriptase enzyme was inactivated by
heating the solution to 95  for 5 min. PCR was then carried
out using the Perkin-Elmer PCR reaction kit and primers. The
PCR was performed using a thermocycler for 30 cycles
consisting of denaturation at 94  for 1 min, annealing at 57 
for 1 min, and extension at 72  for 2 min. The PCR products
were separated on 2% agarose gel. The primers used for PCR

were as follow: p21 sense (5’-GGG GAC AGC AGA GGA
AGA C-3’), p21 antisense (5’-CGG CGT TTG GAG TGG
TAG A-3’); β-actin sense (5’-GAT TGC CTC AGG ACA TTT
CTG- 3’), β-actin antisense (5’-GAT TGC TCA GGA CAT
TTC TG-3’). Gene primers were synthesized by Beijing Oake
Company (Beijing, China).

Statistical analysis
Student’s t-test was used to compare the difference between
control and ST treated groups. Data of cell growth were
presented as x±s. A P value less than 0.05 was considered
statistically significant.

RESULTS

ST inhibited proliferation of MGC803 and SGC7901 cells in a
time-dependent and concentration-dependent manner
In this study, the exponentially grown MGC803 and SGC7901
cells were treated with 40 ng/ml, 60 ng/ml, 100 ng/ml ST,
respectively, and the cell proliferation was measured 24 and
48 h after ST addition. Figures 1 and 2 show the cell proliferation
curves at various ST concentrations. The inhibition of proliferation
of MGC803 and SGC7901 cells by ST was clearly observed
in a time-dependent and concentration-dependent manner. The
IC50 was 54 ng/ml and 23 ng/ml for MGC803 and 61 ng/ml
and 37 ng/ml for SGC7901 at 24 and 48 h.

Figure 1  Inhibition of staurosporine on MGC-803 cell
proliferation.

Figure 2  Inhibition of staurosporine on SGC-7901 cell
proliferation.

Morphological observation of ST treatment effects
Cell morphological changes were observed under a transmission
electron microscope after treatment with ST at the concentration
of 200 ng/ml for 24 h. The ultrastructural appearances showed
the typical changes in the cell morphology, including blebbing
of the plasma membrane, chromatin condensation and formation
of apoptotic bodies. Figure 3 shows the morphological changes
of MGC803 and SGC7901 cells under a electron microscope
after treatment with ST.
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Figure 3  Morphological changes in MGC803 and SGC7901 cells under electron microscope after treatment with ST (200 ng/ml),
×5000. A: MGC803 control cells, B: 200 ng/ml ST-induced MGC803 cells, C: SGC7901 control cells, D: 200 ng/ml ST-induced
SGC7901 cells. Note: chromatin condensation and formation of apoptotic bodies.

Figure 4  Effect of ST on cell cycle of human gastric cancer cells. A: Changes of cell cycle in MGC803 cells after ST-treatment for
24h, B: Changes of cell cycle in SGC7901 cells after ST-treatment for 24 h, C: ST-induced apoptosis in MGC-803 cells, D: ST-induced
apoptosis in SGC-7901 cells.
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ST induced MGC803 and SGC7901 cells G2/M phase arrest
The effects of ST on cell cycle progression, population distribution
and apoptotic incidence in` MGC803 and SGC7901 cells were
determined using flow cytometry. ST-induced effects were
detected by comparing the cell cycle profiles between ST
treated and untreated cells. Notably, the cells demonstrated
significant G2/M arrest 24 h after ST treatment (P<0.01), in
comparison to untreated cells. Interestingly, the S phase
population was also increased, but to a lesser extent as compared
with untreated cells. The percentage of cells in the S, G1, and
G2/M phases are shown in Table 1. Apoptotic peaks were
observed and cell apoptotic incidence was determined 24 h
after treatment with ST at the concentrations of 200 ng/ml and
500 ng/ml. The apoptotic incidence increased to 50.2% and
89.6% in MGC803 cells, and 34.6% and 80.7% in SGC7901
cells after ST treatment. Figure 4 shows ST-induced apoptosis
in MGC803 and SGC7901 cells.

ST resulted in an increase of p21 expression
The effect of ST on p21 protein levels was determined by
immunohistochemistry analysis. Normally, p21 was not
expressed in MGC803 and SGC7901 cells. However, p21 was
significantly expressed, the positive rates were 19.3%, 26.6%,
31.8% in MGC803 cells, and 20.5%, 24.2%, 30.3% in
SGC7901 cells after treatment with ST at the concentration
40 ng/ml, 60 ng/ml, 100 ng/ml for 24 h. Figure 5 shows the

levels of p21 expression in MGC803 and SGC7901 cells by
immunohistochemistry.

Figure 6  Effect of ST treatment on p21WAF1 mRNA expression
in MGC803 cells. M: DNA Marks, 1: control cells, 2: cells treated
with 60 ng/ml ST.

ST upregulated p21WAF1 expression
Normally, p21WAF1 mRNA was almost not expressed in
MGC803 and SGC7901 cells when detected by RT-PCR.
However, treatment with ST at the concentration of 60 ng /ml
induced the upregulation of p21WAF1 mRNA in MGC803 and
SGC7901 cells. Figures 6 and 7 show that p21WAF1 mRNA
expression was upregulated in MGC803 and SGC7901 cells
after treatment with ST.

Table 1  Effect of ST on cell cycle of MGC803 and SGC7901 cells (x±s)

           MGC803             SGC7901

G0/G1(%)    S(%) G2/M(%)    AI G0/G1(%)     S(%) G2/M(%)     AI

Control  54.3±3.1 15.2±0.6  13.5±0.2 3.1±0.2  52.5±4.4 10.1±0.6  13.5±2.2 2.8±0.2

40 ng/ml  23.6±1.8a 13.9±1.1  22.6±4.0a 3.8±0.9  27.1±1.4a 12.4±0.1  21.9±2.6a 3.3±0.3

60 ng/ml  11.6±0.7a 12.6±2.8  35.5±0.4a 4.0±0.3  17.0±3.4a 13.4±2.0  39.5±4.9a 3.7±0.6

100 ng/ml    3.3±0.2a 10.9±1.7  36.8±5.5a 5.2±0.4  13.7±0.7a 12.7±0.9  38.4±3.1a 4.4±1.1

AI, apoptotic incidence; aP<0.01 vs Control.

Figure 5  Expression of p21 protein in MGC803 and SGC7901 cells after ST-treatment as determined by immunohistochemistry
(SP×400). A: MGC803 control cells, B: MGC803 cells treated with 60 ng/ml ST, C: SGC7901 control cells, D: SGC7901 cells treated
with 60 ng/ml ST.
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Figure 7  Effect of ST treatment on p21WAF1 mRNA expression
in SGC7901 cells. M: DNA Marks, 1: control cells, 2: cells treated
with 60 ng/ml ST.

DISCUSSION
Cancer cells have been found to be different from normal cells
in many important characteristics, including loss of differentiation
and decrease of apoptosis[11,12]. These differences did not arise
simply from uncontrolled cellular growth but rather from a
process of cellular evolution[13-15]. Cell cycle plays an important
role in the modulation of tumor cell growth, and attention has
been paid to preventing unlimited proliferation of tumor cells
by cell cycle control[16].
     Twenty years ago, staurosporine (ST) was isolated from
bacteria and identified as a potent inhibitor of PKC activity[17-19].
In this study, the proliferation of human gastric cell lines,
MGC803 and SGC7901, was significantly inhibited in a time-
and concentration-dependent manner and classical apoptosis
(sub-diploid peak on flow cytometry, and typical morphological
changes) was observed after treated with ST. ST also blocked
the G2/M phase of the cell cycle. In order to examine the
distribution of DNA content, the cells treated with ST were
detected using flow cytometry. The first peak (2C C=haploid
DNA content) was produced by the cell population in G1 phase,
the second (4C) was produced by the cells in G2/M phase with
or without cells in G1 phase at a higher DNA ploidy (tetraploidy,
G1t), and the third (8C) was produced by cells in G2 phase at a
higher DNA ploidy (tetraploidy, G2t). The results presented in
this study indicated that the cells were blocked in G2/M phase.
These results lead to the suggestion that, ST can make damaged
cells stagnate at G2/M phase of cell cycle, and inhibit proliferation
of cells, allowing them to repair the damage. If this happens,
cells will reenter the cycle, otherwise, they will undergo
apoptosis or death. More importantly, ST affects the selectively
on G2/M phase of these cells and participates in the regulation
of the cell cycle, and thus the blocking effect of ST on cells in
G2/M phase might be the mechanism of its antitumor effect.
These observations may provide some useful information that
ST can be used as an antitumor agent.
    The present study was undertaken to delineate the
mechanism of ST effect on the G2/M phase arrest of cells, and
techniques including inmmunohistochemistry and RT-PCR
were used to detect the expression of p21WAF1 protein and gene.
Our results revealed that p21WAF1 expression was low in
MGC803 and SGC7901 cells. However, ST significantly
increased the expression of p21 in MGC803 and SGC7901
cells. Cell cycle events, including microtubule dynamics,
membrane organization and DNA synthesis, were tightly
controlled, and specific changes were induced at particular
points in the eukaryotic cell cycle during cell proliferation[20,21].
Negative controls on cell cycle progression were exerted during
development, differentiation, senescence, and cell death. These
negative controls might play an important role in preventing
tumorigenesis. p21WAF1, the pioneer member of p21 family of
cyclin-CDK inhibitor class of proteins, has been implicated as
a growth arrest mediator in cell terminal differentiation and

apoptosis[22]. Regulation of cell cycle progression is orchestrated
by a family of CDKs, which can be negatively regulated by
CDK inhibitors, such as p21WAF1. p21WAF1 is a downstream
effector of p53 that mediates both G1 and G2/M phase arrest.
Mechanistically, the p21WAF1-mediated arrest of the G2/M cell
cycle transition has been suggested to include a p21WAF1-CDK2
and p21WAF1-PCNA protein interaction[23,24]. p21 is the strongest
kinase inhibitor, and has been found to inhibit the CDK4/6-
cyclinD complex when overexpressed, leading to growth arrest
and, under some conditions, to apoptosis[25-27]. Although our
knowledge on cell cycle checkpoints is still limited, it is clear
that many such control points existed within the cell cycle and
that they played a major role in maintaining the integrity of
the genome[28,29]. At least two checkpoints could detect DNA
damage, one at the G1-S transition and another at the G2-M
transition[30-32]. ST up-regulates p21WAF1, which then affects cell
growth by repressing G2/M phase, probably through interaction
with cyclin-CDK complex. However, this hypothesis needs to
be further investigated.
     In conclusion, the present study demonstrates that ST can
effectively inhibit the proliferation of human gastric cancer
MGC803 and SGC7901 cells, induces apoptosis, blocks these
cells in G2/M phase, and up-regulates the p21WAF1  expression.
This study provides some experimental data for the use of ST
in the treatment of gastric carcinoma.
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Abstract
AIM: To observe the effect of β-ionone on the proliferation
of human gastric adenocarcinoma cell line SGC-7901 and
the inhibition of metalloproteinase.

METHODS: Using growth inhibition, Zymograms assays
and reverse transcription-polymerase-chain reaction (RT-
PCR), we examined cell growth rates, activities of matrix
metalloproteinases-2 (MMP-2) and -9 (MMP-9), and expression
of metalloproteinases-1 (TIMP-1) and -2 (TIMP-2) in SGC-
7901 cells after the treatment with β-ionone for 24 h and
48 h, respectively.

RESULTS: β-ionone had an inhibitory effect on the growth
of SGC-7901 cells. Eight days after the treatment with β-
ionone at concentrations of 25, 50, 100 and 200 µmol/L,
the inhibition rates were 25.9%, 28.2%, 74.4% and 90.1%,
respectively. The IC50 value of β-ionone for SGC-7901 cells
was estimated to be 89 µmol/L. The effects of β-ionone on
MMP-2 and MMP-9 activities in SGC-7901 cells were not
observed. However, the levels of TIMP-1 and TIMP-2
transcripts were elevated in cells treated with β-ionone in a
dose-dependent manner.

CONCLUSION: β-ionone can inhibit the proliferation of SGC-
7901 cells, upregulate the expression of TIMP-1 and TIMP-
2 expression, and may influence metastasis of cancer.

Liu JR, Yang BF, Chen BQ, Yang YM, Dong HW, Song YQ. Inhibition
of β-ionone on SGC-7901 cell proliferation and upregulation of
metalloproteinases-1 and -2 expression. World J Gastroenterol
2004; 10(2): 167-171
http://www.wjgnet.com/1007-9327/10/167.asp

INTRODUCTION
Epidemiological data showed that regular consumption of fruits
and vegetables was associated with a reduced risk of chronic
diseases such as cancer and cardiovascular diseases[1-4]. Isoprenoid
is an important group of nutritious elements found in fruits,

vegetables and cereal grains, giving rise to about 22 000
secondary products during its metabolism in these plants. It
has been found that these compounds shared a common
precursor, mevalonic acid[14]. Isoprenoids have been shown to
suppress chemically-induced carcinogenesis[5-10] and the growth
of cancer cells[11-13]. β-ionone, an end-ring analog of β-carotenoid,
represents a subclass of cyclic isoprenoids and has been
demonstrated to have an anticancer effect[15]. β-ionone was
effective in chemoprevention of 7,12-dimethylben[a]
anthracene-induced mammary carcinogenesis in SD rats, with
its tumor multiplicity reduced by 45%[16]. It has also been found
to be associated with growth inhibition of melanoma and breast
cancer cells as well as metastasis of tumor cells[17-20]. However,
the exact mechanisms remain to be clarified, and the effect of
β-ionone on gastric cancer cells is unknown.
      Chemoprevention has been an approach to treat advanced
cancers[21-25]. Gastric cancer is one of the most common
malignancies in China and in other parts of the world[26-34].
Understanding the mechanisms of the possible inhibitory effect
of β-ionone on proliferation of gastric adenocarcinoma cells
could provide a way to prevent this disease. Therefore, in this
study, we studied the effect of β-ionone on the proliferation of
human gastric adenocarcinoma cell line SGC-7901 and on the
regulative factors of tissue metalloproteinases and investigated
the underlying mechanism.

MATERIALS AND METHODS

Cell culture
Human gastric adenocarcinoma cell line SGC-7901, provided
by Beijing Cancer Research Institute, was grown in RPMI 1640
medium (Gibco BRL, Life Technologies Inc, Gaithersburg, MD,
USA), supplemented with 100 ml/L calf serum, 100×103 U/L
penicillin and 100 mg/L streptomycin at 37  in a humidified
atmosphere containing 5% CO2.

IC50 and cell growth assessment
β-ionone (purity>95%) (Sigma, USA) was dissolved in absolute
ethanol and further diluted to the concentrations of 25, 50,
100 and 200 µmol/L, respectively.
     The SGC-7901 cells were seeded into six 24-well plates
(Nuc, Denmark) with 2×104 cells/well after 24 h culture.
Twenty-four hour later, the medium was replaced with the
media supplemented with at different concentrations of β-
ionone. In the next 8 days, the cells were treated with a trysin-
EDTA solution at 37  for 2 minutes and harvested from 3
wells per day for each plate. The cells were pelleted by a short
spin at 1 000 g and resuspended in phosphate-buffered saline
(PBS). Typan blue exclusion test was used to count viable cells
by a hemocytometer. The number of cells at 24 h was deducted
from the final cell counts to provide an estimate of the net
increase. The β-ionone concentration required to inhibit the
net increase in the 48 h cell count by 50% (IC50) was measured
by plotting data obtained from three or more times. The means
were obtained on each of the eight days and used to draw a
cell growth curve. The inhibitory rate (IR) was calculated
according to the formula: IR (%) = (total number of cells in
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negative control - number of cells in test group)/total number
of cells in negative control ×100%.

Zymograms assay for activities of gelatinase
Although many kinds of proteinase are involved in tumor
metastasis, members of the matrix metalloproteinase (MMPs,
gelatinase) and TIMP families, play a pivotal role in these
events. MMPs are a group of zinc-dependent endopeptidase
molecules that have the potential to degrade proteins of the
extracellular matrix. MMP activity was under regulation at
several levels, including activation of the MMP zymogens and
specific inhibition by the tissue inhibitors of metalloproteinase
(TIMPs)[54]. We determined the activities of gelatinase in SGC-
7901 cells treated with β-ionone.
     The SGC-7901 cells were seeded in 100 ml bottles, each
containing 5×106 cells. After incubation for 24 h, the medium
was replaced with 400 µL of serum-free medium supplemented
with β-ionone at different concentrations for 24 h and 48 h.
The serum-free media were loaded onto a 100 g/L SDS-
polyacrylamide gel co-polymerized with 1 g/L gelatin
(Amresco Corp, USA) and separated under a non-denaturing
condition for 3-4 h. Then, the gels were incubated in 25 g/L
Triton X-100 (Sigma, USA) for 1 h and subsequently in a
substrate buffer (50 µmol/L Tris, pH 7.5, containing 10 mmol/L
CaCl2, 200 mmol/L NaCl and 1 µmol/L ZnCl2) for 12 to 16 h
at 37 . Finally, the gels were stained in a solution containing
1 g/L Commassie blue R250, 450 g/L methanol and 100 g/L
acetic acid, and the gelatinolytic activity was indicated by bands
in a blue background.

RT-PCR
Tissue inhibitor of TIMP-1 and TIMP-2 were related to several
tumorigenic processes in lung, stomach, and mammary gland[56].
We examined the expression of TIMP-1 and TIMP-2 in SGC-
7901 cells exposed to different concentrations of β-ionone.
    SGC-7901 cells (5×106) were incubated at different
concentrations of β-ionone for 24 h and 48 h, the total cellular
RNA was isolated. Concentrations and purity of total RNA
were determined. RT-PCR was performed following the
manufacturer’s instructions (Takara Biotech, Dalian, China).
Total RNA (5 µg) and AMV reverse transcriptase XL were
used to synthesize cDNA. Twenty-five µL PCR mixture
containing 4 µL of RT reaction product, 2.5 U Taq DNA
polymerase and 20 pmol primers, was heated for 5 min at
94  for pre-denaturation, and then subjected to 35 PCR
cycles, denaturation at 94  for  30 s, annealing at 60   for
30 s for and extension at 72  for 45 s, in a PTC-100
thermocycler (MJ Research, USA). TIMP-1 and TIMP-2 genes
were amplified with specific primers, with the gene for β-actin
as an internal control (Table 1). The amplified products were
resolved in a 20 g/L agarose gel containing ethidium bromide,
and visualized under ultraviolet light. The density and area of
each band were analyzed using the ChemiImagerTM 4 000
digital system (Alpha Innotech Corp, USA).

Table 1  Primer sequences and size of TIMP-1 and TIMP-2 in
expected PCR products for RT-PCR

Genes   Primer sequences                         Product
         size (bp)

TIMP-1   Sense: 5’-CTGTTGGCTGTGAGGAATGCACAG-3’ 106

  Antisense: 5’-TTCAGAGCCTTGGAGGAGCTGGTC-3’

TIMP-2   Sense: 5’-AGACGTAGTGATCGGGCCA-3’ 490

  Antisense: 5’-GTACCACGCGCAAGAACCT-3’

β-actin   Sense: 5’-AAGGATTCCTATGTGGGC-3’ 532

  Antisense: 5’-CATCTCTTGCTCGAAGTC-3’

Statistical analysis
Student’t test was used for analysis of data. P<0.05 was
considered statistically significant.

RESULTS

Cell growth inhibition of β-ionone
The inhibitory effect of β-ionone on the growth of SGC-7901
cells was shown in Figure 1. Growth of the cells in the media
containing 200 µmol/L and 100 µmol/L β-ionone was markedly
slower than that of the negative control within 8 d (P<0.01).
The change was less obvious the cells treated with 50 µmol/L
and 25 µmol/L of β-ionone. The inhibitory rates were 25.9%,
28.2%, 74.4% and 90.1%, respectively. The IC50 of β-ionone
was 89 µmol/L.

Figure 1  Proliferation kinetics of SGC-7901 cells treated at vari-
ous concentrations of β-ionone.

Expression of type IV collagenases
The effects of β-ionone on type IV collagenase activities (97kD
for MMP-9 and 72kD for MMP-2) in SGC-7901 cells were
presented in Figure 2. In the serum-free supernatants of SGC-
7901 cells preincubated in the media supplemented with
various concentrations of β-ionone, the activities of type IV
collagenases (both MMP-9 and MMP-2) were not different in
comparison with the negative control. No effect of β-ionone
on the activities of type IV collagenases in SGC-7901 cells
was shown.

Figure 2  Effect of β-ionone on  gelatinase/type IV collagenase
secretion (97kD for MMP-9 and 72kD for MMP-2) in SGC-7901
cells.

Levels of TIMP-1 and TIMP-2 mRNA in SGC-7901 cells
As shown in Figures 3 and 4, the levels of TIMP-1 and TIMP-
2 transcripts in SGC-7901 cells were gradually elevated with
increase of the β-ionone concentration, indicating a upregulation
effect of β-ionone on the expression of TIMP-1 and TIMP-2
in SGC-7901 cells.
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Figure 3  RT-PCR result: expression of TIMP-1 mRNA in SGC-
7901 cells treated by β-ionone for 24 h (A) and 48 h (B). C: area
of peaks; Lanes 1-5: 0, 25, 50, 100 and 200 µmol/L of β-ionone;
M: molecular weight markers.

Figure 4  RT-PCR results showing expression of TIMP-2 mRNA
in SGC-7901 cells treated by β-ionone for 24 h (A) and 48 h (B).
C: chart of area of peaks; Lanes 1-5: 0, 25, 50, 100 and 200 µmol/L
of β-ionone; M: molecular weight markers.

DISCUSSION
Interactions between cells and extracellular matrix (ECM) were
critical for many cellular functions including division,
migration, differentiation, and apoptosis[35]. In different mature
normal tissues, ECM is specified by its structures and
compositions to maintain tissue homeostasis and cellular
quiescence. It have been found that remodeling of the ECM
occurred during embryonic development and certain normal
pathological processes such as wound-healing[36,37]. However,
restructuring of the ECM has also been implicated in the
pathogenesis of various human diseases including impaired
wound-healing and fibrosis[38], rheumatoid arthritis[39],
restenosis following balloon angioplasty[40], atherosclerosis[41],
tumor development, invasion and metastasis[35,42].
     Tumor invasion is a complex biological process, during
which tumor cells detach from the primary tumor and infiltrate
the surrounding tissues. This process has been found to require
loss of cell contacts between tumor cells, active cell migration,
adhesion to ECM and proteolytic degradation of the ECM[43,44].
Different molecules including cadherins, integrins, proteases,
and growth factors were implicated in the regulation of invasion
of tumor cells[44].
      A major group of enzymes responsible for ECM degradation
in cancer tissue has been found to be the MMP family, including
collagenases, gelatinase, and stromelysins[45-49]. Collagenases
can cleave fibrillar collagens at neutral conditions and play an
important role in matrix remodeling. The largest sub-family
of the MMPs is membrane-type (MT). MT-MMPs play a dual
role in cell surface proteolysis. They can cleave a variety of
extracellular components, and activate some secreted MMPs.
Evidence has suggested that proteolytic activities at cell surface
could promote cell invasion[50]. MMP-2, a 72-kDa type IV
collagenase, is a cell surface-associated type I collagen-degrading
MMP, which was found to designate gelatinase A[51]. Its
overexpression has been observed in different types of tumors,
and it was believed to be involved in tumor metastasis, primary
tumor growth and angiogenesis[52]. MMP-2 is also regarded as
a type IV collagenase involved in cell invasion across basement
membrane. Thus, serum and tissue MMP profiles have been
used as prognostic factors in certain types of malignant tumors
including gastric and breast cancers[53]. MMP-9, a 97-kDa type
IV collagenase also designating gelatinase B, was found to be
associated with tumor invasion as well, its expression has been
proven to be correlated with the differentiation grade of some
malignancies[54]. In the present study, we did not find any effect
of β-ionone on MMP-9 and MMP-2 activities in SGC-7901
cells. The growth inhibition on SGC-7901 cells appeared to
be independence of the type IV collagenase activity.
     TIMPs (TIMP-1, -2, -3 and -4) have been found to be the
key regulators of MMP activity and ECM degradation[60]. The
MMP inhibitors, TIMP-1 and TIMP-2 have been associated
to several tumorigenic processes including development,
invasion and metastasis of bronchial cancer[55-59]. Recent
transgenic animal studies have demonstrated that alteration of
the MMP/TIMP balance in vivo in favor of TIMP-1 activity
could block neoplastic proliferation in the SV40 T antigen-
induced murine hepatocellular carcinoma[61]. Active MT1-MMP
was found to bind to amino-terminal domain of TIMP-2[62],
whereas an interaction between the carboxyl-terminal domains
of TIMP-2 and pro-MMP-2 was also described[63]. TIMP-2
might prevent SH2-protein-tyrosine phosphatase-1 (SHP-1)
dissociation from immunoprecipitable epidermal growth factor
receptor complex and a selective increase in total SHP-1
activity[64]. Our results showed that β-ionone might increase
the expression of TIMP-1 and TIMP-2 in SGC-7901 cells.
Clearly, further studies are needed to elucidate whether β-
ionone inhibits metastasis of the cancer cells.
     In summary, β-ionone can inhibit SGC-7901 cell growth
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and proliferation and has an effect on upregulating TIMP-1
and TIMP-2 expression in SGC-7901 cells. It seems to be
related to potential tumor metastasis in SGC-7901 cells induced
by β-ionone. However, the mechanism of the inhibitory effect
of β-ionone inhibits cell proliferation remains to be clarified.
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Abstract
AIM: To determine the expression levels of three metabolic
enzymes of fluoropyrimidines: thymidylate synthase (TS),
thymidine phosphorylase (TP) and dihydropyrimidine
dehydrogenase (DPD) in seven human gastrointestinal
cancer cell lines, and to compare the enzyme levels with
the sensitivity to 5-fluorouracil (5-FU) and 5-fluoro-2’-
deoxyuridine (FdUrd).

METHODS: TS, TP and DPD mRNA levels were assessed
by semi-quantitative RT-PCR, TP and DPD protein contents
were measured by ELISA. Fifty percent inhibitory
concentrations of growth (IC50), representing the sensitivity
to drugs, were determined by MTT assay.

RESULTS: IC50 values ranged from 1.28 to 12.26 uM for
5-FU, and from 5.02 to 24.21 uM for FdUrd, respectively.
Cell lines with lower DPD mRNA and protein levels tended
to be more sensitive to 5-FU (P<0.05), but neither TS nor
TP correlated with 5-FU IC50 (P>0.05). Only TS mRNA level
was sharply related with FdUrd sensitivity (P<0.05), but TP
and DPD were not (P>0.05). A correlation was found
between mRNA and protein levels of DPD (P<0.05), but not
TP (P<0.05).

CONCLUSION: DPD and TS enzyme levels may be useful
indicators in predicting the antitumor activity of 5-FU or
FdUrd, respectively.

Ma T, Zhu ZG, Ji YB, Zhang Y, Yu YY, Liu BY, Yin HR, Lin YZ.
Correlation of thymidylate synthase, thymidine phosphorylase
and dihydropyrimidine dehydrogenase with sensitivity of
gastrointestinal cancer cells to 5-fluorouracil and 5-fluoro-2’-
deoxyuridine. World J Gastroenterol  2004; 10(2): 172-176
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INTRODUCTION
The antimetabolite, 5-fluorouracil (5-FU), remains to be widely
prescribed in the treatment of gastrointestinal carcinoma.
Although it was originally synthesized 46 years ago, and the
deoxyribonucleoside derivative of 5-FU, 5-fluoro-2’-
deoxyuridine (FdUrd) is also applied in clinics through regional
administration[1-3].

     The response rate of gastrointestinal carcinoma to 5-FU as
a single agent, however, is only 10%-30%, and differs greatly
among patients[1,4]. So it is imperative to identify some indexes
which could be applied to predict the efficacy of 5-FU in
clinical settings. As a pyrimidine analog, 5-FU is metabolized
in vivo similarly to uracil, and exerts its antitumor effects
through anabolism, which is determined by the rate of
catabolism. Thus, the expression level of genes coding for key
enzymes in the metabolism within tumor cells may play a
pivotal role in the sensitivity and efficacy of 5-FU[1,4,5].
    The primary biochemical mechanism responsible for
cytotoxicity of 5-FU and FdUrd is the formation of 5-
fluorouridine monophosphate (FdUMP), which can bind tightly
to and inhibit thymidylate synthase (TS) in the presence of 5,
10-methylene tetrahydrofolate (CH2FH4). TS catalyzes the
reductive methylation of deoxyuridine-5’-monophosphate
(dUMP) to deoxythymidine-5’-monophosphate (dTMP),
which is the only pathway for de novo synthesis of dTMP, so
the inbibition of TS by FdUMP disrupts intracellular nucleotide
pools necessary for DNA synthesis[1,3]. As the main target of
fluoropyrimidines, the expression level of TS is assumed to
influence the response of chemotherapy, although the amount
of TS is not unanimously recognized as a determinant factor
of 5-FU sensitivity[6-8].
      Thymidine phosphorylase (TP) is known to be elevated in
tumors compared with surrounding normal tissue. When 5-
FU is administered, it is anabolized to FdUMP by TP present
in the tumor, and FdUrd can be converted to 5-FU by TP[9-11].
TP levels might affect the sensitivity of 5-FU, the transfection
of TP cDNA into cancer cells increased their sensitivity to 5-
FU[12]. The expression of TP was reported to be useful for
predicting the efficacy and survival of fluoropyrimidine
chemotherapy[13,14], but this tendency was not confirmed in a
recent clinical trial of colorectal carcinoma[15]. The relationship
between TP and the sensitivity of fluoropyrimidines needs to
be further explored.
      In contrast to anabolism of 5-FU, much less attention has
been focused on its catabolism. In human, dihydropyrimidine
dehydrogenase (DPD) is the initial and rate-limiting enzyme
of 5-FU catabolism, 85% of an administered dose of 5-FU is
degraded to inactive metabolites by DPD, with only 1-3% of
the drug anabolized. While anabolism is essential for the
antitumor activity of 5-FU, catabolism by indirectly controlling
the availability of 5-FU for anabolism is a critical determinant
of 5-FU cytotoxicity[4,5,16,17]. Several studies have shown a great
interindividual difference in DPD activity, and suggested that
DPD activity could be used as a predictive marker of 5-FU
response[18-20].
      We measured the expression levels of TS, DPD and TP on
a panel of seven gastrointestinal cancer cell lines to probe the
correlation between TS/DPD/TP and 5-FU or FdUrd sensitivity.

MATERIALS AND METHODS
Chemicals
5-FU was kindly provided by Faulding Pharmaceuticals Co,



FdUrd and MTT were obtained from Sigma-Aldrich
Chemicals Co.

Cell culture
Seven cancer cell lines of human origin were adopted, including
four gastric carcinoma cells (MKN45, SGC7901, MKN28 and
AGS) and three colorectal carcinoma cells (SW1116, Lovo and
HCT-8). Cells were routinely cultured in RPMI-1640 media
(Gibco BRL), supplemented with 10% heat-inactivated fetal
bovine serum (Gibco BRL), 100 u/ml penicillin and 100 ug/ml
streptomycin in a humidified incubator at 37  with an
atmosphere containing 5% CO2.

Evaluation of 5-FU and FdUrd-induced cytoxicity by MTT
assay
Cells were dispersed into 96-well microtitration plates, and
the initial cell density was 5 000-10 000 cells per well, so that
the cells were in a Log growth phase. Twenty-four hours after
plating, the cells were exposed to a series of 10-fold dilutions
of 5-FU or FdUrd (10-2-10-9M) for 72 hours. Each concentration
was performed in quadruplicate, the percentage of growth
inhibition was assessed by MTT assay, and determined
according to the following equation: [1-(T-T0)/(C-T0)]×100%,
where T is the absorbance of the experimental wells after 72 h
of 5-FU or FdUrd exposure, and T0 is that of background control
with the same drug concentrations, C is that of cell control
wells (without drug) after 72 h incubation. The 5-FU or FdUrd
concentrations causing a 50% growth inhibition as compared
to cell controls (IC50) were calculated by modified Kärbers
method[21]: IC50=l g-1[Xk-i( P-0.5)], in which Xk represents
logarithm of the highest drug concentration, i is that of ratio
of adjacent concentration, P equals the sum of the percentage
of growth inhibition at various concentrations, and 0.5 is a
constant of experience. All experiments were repeated 4
times, from which we reported the mean and standard
deviation of IC50.

Semi-quantification of TS/DPD/TP mRNA by RT-PCR
Total RNA from seven gastrointestinal cancer cell lines was
extracted using TRIzol (Gibco BRL) and quantified by UV
spectrophotometry. First-strand cDNA was synthesized from
1 µg of total RNA with oligo (dT)15 primer and avian
myeloblastosis virus reverse transcriptase using an RT-PCR
kit (Promega) following the conditions of the manufacturer.
PCR primers were designed based on the sequences of human
TS/DPD/TP and GAPDH mRNA (internal standard), and the
specificity of all primers was confirmed by DNA sequencing
of the PCR products amplified with them (Table 1).

Table 1  Primers for TS, DPD, TP and GAPDH amplification

mRNA      Bases Sequences (5’ 3’)        Product size (bp)

TS      613-632 accaaccctgacgacagaag     405
     998-1017 atgcggattgtacccttcaa

DPD      1325-1344 tgttcggacagagcaagatg     400
     1705-1724 cttcaatccggccatttcta

TP      390-408 aggagacctcggtgctgac     402
     772-791 tgagaatggaggctgtgatg

GAPDH    109-127 gaaggtgaaggtcggagtc     226
     315-334 gaagatggtgatgggatttc

     TS/DPD/TS was co-amplified with GAPDH in 50 µl of
PCR mixture containing 4 µg of cDNA template, 2.5 mM
MgCl2, 5 µl 10×buffer, 0.4 mM dNTP, 2.5 u Taq polymerase
(Promega), 12.5pmol of each sense and anti-sense primer. The
PCR profile of TS consisted of an initial 4 min denaturation at

95 , followed by 25 PCR cycles (at 94  for 1 min, at 60 
for 30 s, and at 72  for 1 min) and a final 7 min extension
(33 cycles of amplification for DPD and 35 cycles for TP).
The PCR products were separated by ethidium bromide-stained
2% agarose gel electrophoresis, the images were scanned and
analyzed by densitometry using Fluro-sTM image software
(Bio-Rad). The relative amount of mRNA was calculated by
determining the product intensity ratio of TS/DPD/TP to GAPDH
within the linear amplification range of PCR, and four separate
experiments were repeated.

Protein contents of TP and DPD
Cell lines in a Log growth phase were harvested and washed
twice by phosphate buffered saline (PBS, pH 7.4). After the
last wash, cell pellets were resuspended in 500 µl PBS and
lysed by a sonifier (pulses, 10 min), then the lysates were
centrifuged at 13 000×g for 15 min, and the supernatants were
carefully collected, the protein concentration of which were
determined using a BCA protein assay reagent kit (Pierce).
     The protein contents of DPD and TP in cell lines were
determined by sandwich ELISA (Roche), according to the
manufacturer’s instructions. Enzyme levels were expressed as
U/mg protein, where one U of TP is an amount equivalent to
1 µg 5-FU generated in an hour, and one U of DPD is an amount
equivalent to catabolizing 1pmol of 5-FU per minute.

Determination of population doubling time
As described before[22], 1-2×105 cells were cultured in a 25 ml
flask containing 2.5 ml of RPMI-1640, and the number of cells
per flask was counted every 24 hours for 7 days. When the
cells were in a Log growth phase, the population doubling
time (dt) was determined by the following formula: dt=l g2/l g
(Ct/C0)×t, where t means the time between cell counts Ct and
C0, C0 is the initial count, and Ct is the count after time t.

Statistics
Linear regression analysis and paired t-test were performed
by SPSS software, P<0.05 was regarded as statistically significant.

RESULTS

Sensitivity of cell lines to 5-FU and FdUrd
Table 2 shows the parameters of interest for the whole cell
line panel. After 72-hour drug exposure, the chemosensitivity
of cell lines presented a marked difference, with IC50 values
ranged from 1.28 to 12.26uM for 5-FU (9.57-fold), and from
5.02 to 24.21uM (4.83-fold) for FdUrd, respectively. The IC50
value of 5-FU was 2.8-fold lower than that of FdUrd (P<0.01),
and there was no significant correlation between IC50 values
of these two drugs among seven gastrointestinal cancer cell
lines (P>0.05).

TS mRNA levels
TS mRNA was highly expressed in the seven cell lines, and the
TS:GAPDH product intensity ratio varied from 0.84 to 2.69
(Figure 1A, Table 2). TS mRNA expression was significantly
correlated with the sensitivity of cell lines to FdUrd (r=0.81,
P=0.028), where low TS mRNA levels were associated with
the high sensitivity to FdUrd (Figure 2), but the sensitivity to
5-FU was not influenced by TS mRNA levels.

DPD mRNA and protein levels
DPD mRNA expression was measurable in all cell lines but
HCT-8 (Figure 1B). Although cDNA of DPD was amplified
by PCR with 8 more cycles, DPD mRNA expression was much
lower than TS expression, as shown in Table 2. DPD protein
content, representing enzyme activity, ranged from 1.16 to
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10.13 U/mg protein (8.73-fold), and there was a statistically
significant correlation between mRNA and protein level of
DPD (r=0.88, P=0.009, Figure 3A).
     Linear regression analysis showed that both mRNA
(r=0.82, P=0.025) and protein level of DPD (r=0.88, P=0.009)
were significantly correlated to the sensitivity to 5-FU (Figure
4). The greater the enzyme level was, the higher the IC50 of
5-FU. The most sensitive cell line (HCT-8) exhibited the lowest
DPD mRNA and protein level, and the most resistant cell line
(MKN45) had the greatest DPD mRNA and protein level. But
the correlation between mRNA or protein level of DPD and
the IC50 of FdUrd was not found (P>0.05).

Figure 1  mRNA expression of seven gastrointestinal cancer
cell lines by RT-PCR. (A) the bands of TS and GAPDH; (B) the
bands of DPD and GAPDH; (C) the bands of TP and GAPDH
(1-MKN45; 2-SGC7901; 3-MKN28; 4-AGS; 5-SW1116; 6-Lovo;
7-HCT-8). The relative amount of mRNA was expressed as the
intensity ratio of TS/DPD/TP to GAPDH RT-PCR products,
as showed in Table 2.

Figure 2  Linear regression for the sensitivity to FdUrd as a
function of TS mRNA level (FdUrd-IC50=7.89TS mRNA+4.77,
r=0.81, P=0.028). Scatter plot shows the corrlation between TS
mRNA levels and IC50 of FdUrd.

Figure 3  (A) Correlation between mRNA and protein level of
DPD (r=0.88, P=0.009); (B) Correlation between mRNA and
protein level of TP (r=0.33, P=0.466).

Figure 4  (A) Linear regression for the sensitivity to 5-FU as a
function of DPD mRNA level (5-FU-IC50=16.77DPD mRNA-
0.54, r=0.82, P=0.025). (B) Linear regression for the sensitivity to

Table 2  Sensitivity to 5-FU or FdUrd and enzyme levels for cell lines

       IC50a   DPD      TP
Cell line TS mRNAb    Doubling time (hours)

      5-FU     FdUrd  mRNAb proteinc  mRNAb proteinc

MKN45 12.26±2.13 16.85±2.28  1.13±0.22 0.57±0.17   10.13 0.72±0.13    5.11      22.9
SGC7901   8.97±1.55 12.45±1.46  1.04±0.17 0.50±0.09     9.13 0.59±0.06    1.78      25.8
MKN28   3.44±0.36   5.02±1.32  0.84±0.21 0.36±0.12     4.57 0.70±0.12    0.55      20.5
AGS   2.77±0.58 19.31±1.85  1.27±0.23 0.35±0.08     4.95 0.67±0.20    3.835      29.5
SW1116   5.45±0.47 24.21±3.26  2.69±0.36 0.47±0.11     5.99 0.57±0.11    2.60      22.2
Lovo   4.86±0.92 14.41±0.96  1.19±0.12 0.31±0.05     1.83 0.70±0.08    0.04      33.9
HCT-8   1.28±0.43 17.62±1.84  1.54±0.31     NDd     1.16 0.10±0.06    0.67      28.1

a: values of IC50 (x±s), b: TS/DPD/TP mRNA levels, expressed as TS/DPD/TP:GAPDH product intensity ratio (x±s), c: DPD/TP
protein levels, in U/mg protein, d: not detectable.
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5-FU as a function of of DPD protein level (5-FU-IC50=1.00DPD
protein+0.20, r=0.88, P=0.009). Scatter plot shows the corrlation
between DPD mRNA or protein levels and IC50 of 5-FU.

TP mRNA and protein levels
Both mRNA and protein of TP had lower expression levels
compared to TS or DPD (Figrure 1C, Table 2). Figure 3B shows
no correlation between TP/GAPDH RT-PCR product intensity
ratio and TP protein level (r=0.33, P=0.466). Although it was
expected that mRNA and protein level of TP would predict
the sensitivity to 5-FU or FdUrd, no significant correlation
was shown (P>0.05).

Doubling time of cell lines
The cell doubling time ranged from 20.5 (MKN28) to 33.9
hours (Lovo), and no correlation was demonstrated between
the doubling time and IC50 of 5-FU or FdUrd. Cell doubling
time did not correlate with either TS/DPD/TP mRNA or protein
levels (P>0.05).

DISCUSSION
There is a high prevalence of gastrointestinal cancer, including
gastric and colorectal cancer in China, but most of the diagnoses
are established at advanced stages, when chemotherapy is
regarded as one of the main treatments. At present, 5-FU has
been considered as the principal component of chemotherapy
regimen for gastrointestinal cancer in both advanced disease
and the adjuvant setting[2,23], and FdUrd is also available
commercially for chemotherapy, especially for intraarterial and
intracavitary infusion. But the response of gastrointestinal
cancer to fluoropyrimidines was still unsatisfactory and their
efficacy varied greatly among individuals, so how to enhance
the chemotherapeutic response of 5-FU has become a very
interesting subject[24,25]. The identification of predicative markers
of chemosensitivity through pharmacogenomics means could
clarify which subset of patients might benefit, and enable
clinicians to design individualized chemotherapy regimens[26].
     It has been demonstrated in our study that the sensitivity
of seven gastrointestinal cancer cell lines to 5-FU corresponded
to DPD mRNA or DPD protein levels linearly. The cancer
cells with lower DPD levels were more sensitive to 5-FU, and
DPD mRNA was even undetectable in the most sensitive cell
line HCT-8. But no correlation between TS or TP levels and
sensitivity to 5-FU was found in the present study, in view of
the known relevance of TS or TP as a determinant of response
of 5-FU in some preclinical and clinical studies[6,7,27], therefore
the results obtained from the study of seven cancer cell lines
must be interpreted scrupulously.
     The low expression levels of TP could partly explain our
finding, besides inhibition of TS activity through anabolism
to FdUMP by TP catalyzation. 5-FU exerted its antitumor
activity by converting to FdUTP and FUTP for incorporating
into DNA and RNA, respectively[1], thereby interfering with
their normal structure and function, so there was no correlation
between TS or TP levels and 5-FU sensitivity. On the other
hand, Nita et al[28] also observed DPD expression and predicted
5-FU sensitivity in colorectal cancer cell lines. Etienne et al[29]

confirmed this association in tumor biopsy tissues from the
patients of head and neck cancers, but no relationship was
demonstrated between TS activity and 5-FU response, either.
Our findings, similar to these results, suggested that most of 5-
FU within insensitive tumor cells was quickly catabolized by a
higher DPD level, which regulated the amount of 5-FU available
for anabolism, thereby affecting its cytotoxicity. In addition,
these results suggested that DPD inhibitors, such as eniluracil[30],
uracil[31], 5-chloro-2,4-dihydroxypyrimidine (CDHP)[32], and
BOF-A2[33], might be used as a novel type of biochemical

modulators for elevating the antitumor activity of 5-FU.
     It has been indicated in our work that TS may contribute
greatly to the sensitivity of FdUrd, and the higher the TS mRNA
levels, the higher the IC50 of FdUrd. Because both TP mRNA
and protein levels of this panel of cell lines were rather low,
and only little amount of FdUrd could be converted to 5-FU,
the suppression of TS through conversion to FdUMP was the
principal mechanism of action of FdUrd[1,10,11]. Therefore TS
may serve as a predictive marker of FdUrd. Given the metabolic
characteristics of FdUrd, it is comprehensible that there was
no correlation between TP or DPD levels and FdUrd sensitivity.
     Grem et al[8] found cell doubling time was a potentially
important variable in drug sensitivity, and cell lines with faster
doubling times tended to have higher TS activities, but we did
not observe the similar trend. In their study, the cytotoxicity
was determined by MTT assay after 48 hours of drug exposure,
whilst we did it after 72 hours by the same protocol. Since the
cell doubling time, ranging from 20.5 to 33.9 hours, was
relatively shorter in our study than Grem’s, the influence of
doubling time on fluoropyrimidines seemed to be much weaker.
      We used semi-quantitative RT-PCR and ELISA to determine
DPD/TP mRNA and protein level, respectively, and found a
statistically significant correlation between mRNA level and
protein content of DPD. Compared to traditional radioisotopic
enzyme acitivity assay[34], RT-PCR and ELISA were less
laborious, less expensive, and more feasible in most laboratories.
In general, even small amounts ( 100 mg) of tissues were
enough for them, and the correlation between DPD activity and
mRNA or protein levels has been already confirmed in several
preclinical and clinical trials[18,35-38]. But there was no such a
correlation in TP, a close look showed three cell lines had
extremely low TP protein contents, and even TP enzyme level
of MKN45, the highest one, was only 5.11 U/mg protein. A
recent clinical trial disclosed that the range of TP level in primary
colorectal cancer was 13.8-196.0 U/mg protein[36], which might
explain this apparent discrepancy between mRNA and protein
level. Griffiths also pointed out by immunohistochemistry that
the predominant cells positive for TP were macrophages and
other stroma cells within tumor tissues, and the activation of
fluoropyrimidines in human might rely on the paracrine of TP
by these stroma cells, but not tumor cells[10]. As the low
expression of TP could directly influence the sensitivity of
these seven cell lines to fluoropyrimidines, the role of TP in
gastrointestinal cancer cells sensitive to 5-FU and FdUrd needs
to be more deeply explored.
    In summary, we found that DPD and TS were potential
indicators in predicting tumor sensitivity to 5-FU and FdUrd.
However, the conclusions were drawn from the limited in vitro
experiment. This study was merely a first step toward the goal
of individualized fluoropyrimidine chemotherapy for
gastrointestinal cancers. Controlled, prospective clinical
trials are required to confirm our results and to establish the
advantage of pre-treatment tumor biopsy for TS/DPD
screening, which permits a more rational decision on whether
to proceed a fluoropyrimidine-based therapy as first-line
treatment. So patients who are unlikely to respond may spare
unnecessary toxicity and can be treated with alternative drugs
such as CPT-11, oxaliplatin, or with potent biochemical
modulators of fluopyrimidine.
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Abstract
AIM: To investigate the expression of NF-κBp65 protein
and human telomerase reverse transcriptase (hTERT) and
their correlation in gastric cancer and precancerous lesions.

METHODS: Forty-one patients with primary gastric cancer,
15 with dysplasia, 23 intestinal metaplasia and 10 with normal
gastric mucosa were included in this study. Expression of
NF-κBp65 protein, hTERT mRNA and protein were determined
by immunohistochemistry and in situ hybridization.

RESULTS: The rate of p65 expression in normal gastric
mucosa, intestinal metaplasia, dysplasia and carcinoma was
0%, 34.78%, 53.33% and 60.98%, respectively, while the
rate of hTERT mRNA expression was 10.00%, 39.13%,
66.67% and 85.37% and the rate of hTERT protein expression
was 0%, 30.43%, 60.00% and 78.05%, respectively. All
the three parameters were significantly increased in dysplasia
and carcinoma compared to normal mucosa, while the
expression levels were also significantly higher in carcinoma
than in intestinal metaplasia (P<0.05). In gastric cancer
tissues, nuclear staining rates of p65 and hTERT protein
were both significantly associated with the degree of
differentiation, lymph node metastasis, clinical stage and
invasion depth (P<0.05). However, hTERT mRNA expression
was only significantly associated with clinical stage. There
was a positive correlation between p65 and hTERT mRNA
(rs=0.661-0.752, P<0.01), and between hTERT protein and
hTERT mRNA (rs=0.609-0.750, P<0.01).

CONCLUSION: NF-κBp65 and hTERT expressions are
upregulated at the early stage of gastric carcinogenesis.
NF-κB activation may contribute to hTERT expression and
thereby enhance telomerase activity, which represents an
important step in carcinogenesis progress.

Wang W, Luo HS, Yu BP. Expression of NF-κB and human telomerase
reverse transcriptase in gastric cancer and precancerous lesions.
World J Gastroenterol  2004; 10(2): 177-181
http://www.wjgnet.com/1007-9327/10/177.asp

INTRODUCTION
NF-κB is a family of dimeric transcription factors that play a
critical role in host defense by regulating the expression of
immune and inflammatory genes[1-3]. The most common dimer
is RelA (p65)/NF-κB1 (p50) heterodimer. In resting cells, NF-

κB is localized in the cytoplasm, which is noncovalently
associated with the cytoplasmic inhibitory protein IκB. Upon
stimulation with a variety of pathogenic inducers such as
viruses, mitogens, bacteria, agents providing oxygen radicals,
and inflammatory cytokines, IκB is phosphorylated,
ubiquitinated, and degraded in the cytoplasm, and the NF-κB
complex migrates into the nucleus and binds to DNA
recognition sites in the regulatory regions of target genes[4].
Recently, there were several reports on the role of NF-κB gene
products in cell proliferation, transformation, and tumor
development[5-9]. Recent studies have also indicated that NF-
κB is constitutively activated in several tumors[10-13]. However,
the biological significance of NF-κB activation remains unclear
in gastric carcinogenesis although gastric cancer is one of the
most aggressive forms of cancer.
     Telomerase is a key enzyme that catalyzes the synthesis of
telomere DNA participating in cell immortalization through
stabilization of chromosomal structure[14]. Telomerase is
expressed in germ tissues as well as in majority of human
tumors, including gastrointestinal carcinomas, but is low and
difficult to detect in somatic cells generally[15-19]. So it may be
a useful molecular marker for cancer diagnosis and therapeutic
strategies. Human telomerase reverse transcriptase (hTERT)
has been identified as a putative catalytic subunit of human
telomerase[20]. Recent reconstitution experiments, both in vitro
and in vivo, also strongly suggest that hTERT is the major
determinant of human telomerase activity[21,22]. Overexpression
of hTERT in cancer cells is thought to contribute to tumor
development and angiogenesis[23-25]. However, the mechanism
by which hTERT is overexpressed in cancer cells remains
unclear. There are evidences that hTERT expression may be
regulated by the highly inducible NF-κB transcription
factor[26]. So it is interesting to investigate the relation between
NF-κB and hTERT at cellular level.
      We undertook the present study to determine whether NF-
κB was constitutively activated in precancerous and cancerous
tissues of the stomach, to examine whether expression of
hTERT gene correlated with NF-κB activation, and to evaluate
the relationship between clinicopathological features and
NF-κB activation as well as hTERT gene expression.

MATERIALS AND METHODS

Tissue samples
Gastric tissues were obtained by surgical resection from 89
patients: 10 with normal gastric mucosa, 23 with intestinal
metaplasia, 15 with dysplasia and 41 with gastric cancer.
Patients with gastric cancer were admitted to Renmin Hospital
of Wuhan University from February to December in 2000,
and had not been treated with chemotherapy or radiation
therapy before operation. Histological examinations were
performed, according to the criteria of the Japanese Gastric
Cancer Association[27]. All specimens were fixed in 10 %
buffered neutral formalin and embedded in paraffin. Serial
tissue sections (4.5 µm thick) were placed on glass slides coated
with 3-aminopropyltriethoxysilane (Sigma, USA), and then
used in the following experiments.
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Immunohistochemistry for NF-κB p65 and hTERT proteins
Immunostaining was performed as described previously with
slight modification[28]. Briefly, slides were treated overnight at
4  with either anti-p65 mAb (4 µg/ml) or anti-hTERT
polyclonal antibody (3 µg/ml). Both antibodies were from
Santa Cruz Biotechnology (USA). Then, slides were incubated
with secondary antibody by using a streptavidin-peroxidase
kit (Maixin-Bio, Fujian). Finally, the antigen sites were
visualized by incubating with diaminobendizine (DAB) solution
(Zhongshan Biotechnical Co, Beijing), and the nuclei were
weakly counterstained with Mayer’s hematoxylin (Maixin-Bio,
Fujian). The specificity of immunostaining was determined
by replacement of the primary antibody with PBS. Positive
reaction was detected as nuclear stain presenting in brown-
yellow color. Slides positively stained were further stratified
from 1+ to 3+ based on the overall intensity and percentage of
the stained tumor cells, with an estimated scale of <25% cell
positive =1+, 25% to 50% =2+, and >50% =3+. Staining was
defined as negative if positive cells were <5%.

In situ hybridization for hTERT mRNA
hTERT mRNA ISH detection kit and antisense polyoligonucleotide
probe (digoxin-labeled) were purchased from Boster Biological
Technology Ltd. (Wuhan). In brief, deparaffinized sections
were incubated with 3% hydrogen peroxide for 30 min and
then with 1 µg/ml pepsin for 15 min. The prehybridization
was performed at 37  for 2 h, and the hybridization was
conducted in a 42  water bath for 18 h with each section
covered with a soil coverslip. After thorough washing, tissue
sections were preblocked for 20 min with blocking solution.
Then, rabbit anti-digoxin antibody was added for 60 min at
37 . After washed in PBS, the sections were visualized
according to the manufacturer’s instructions. A negative control
was prepared by using a hybridization solution without the
probe. A positive reaction was detected as plasmatic stain
presenting in brown-yellow color. Slides positively stained
were further stratified from 1+ to 3+ as described above.

Statistics
Statistical analysis was performed using chi-squared test,
Fisher’s exact test, and spearman rank test. A P value <0.05
(one-sided) was accepted as statistically significant.

RESULTS
Staining of NF-κBp65 protein, hTERT mRNA and protein
P65 immunostaining was significantly enhanced both in
cytoplasm and in nuclei of the tumor cells in comparison to
that in normal epithelial cells (Figure 1). Since nuclear staining,
which indicated nuclear transportation of p65, was considered
as a marker of NF-κB activation, we only counted the number
of nuclear stained cells and took them into calculation of the
percentage of positively stained cells. Similarly, hTERT protein
was mainly localized in the nuclei of tumor cells, and only a
small number of cells showed a positive reaction in the
cytoplasm (Figure 2). Stromal cells such as endothelial cells
and smooth muscle cells (except lymphocytes) showed no
reaction for hTERT. Weak staining of p65 and hTERT proteins
was observed in some epithelial cells in the lower two-thirds
of the glands of nonneoplastic mucosa.

In situ hybridization
Revealed that hTERT mRNA was significantly enhanced in
the cytoplasm of tumor cells (Figure 3). Only a few signals
were seen in nonneoplastic cells, which were slightly increased
in the replicating basal layer, and in intestinal metaplastic cells
as well as in activated lymphocytes, while the surface epithelia
were negative (Figure 4).

Figure 1 Immunohistochemical detection of NF-κBp65 protein
in gastric carcinoma showing cytoplasmic and nuclear staining
SP×400.

Figure 2 Immunohistochemical detection of hTERT protein
in poorly differentiated gastric carcinoma. A positive reaction
was shown in the nuclei of cancer cells. SP×400.

Figure 3  Detection of hTERT mRNA in a mucinous
adenocarcinoma. Most tumor cells displayed strong signals that
were localized in the cytoplasm. ISH×400.

Figure 4  Detection of hTERT mRNA in intestinal metaplasia.
The reaction was localized in the cytoplasm of intestinal meta-
plastic cells, activated lymphocytes, as well as replicating cells
in basal layer, while the surface epithelia were negative. ISH×100.



Expression of NF-κBp65 protein, hTERT mRNA and protein
Expression of p65 protein, hTERT mRNA and protein in gastric
precancerous and cancerous tissues was increased compared
with normal mucosa (Table 1). The nuclear staining rates of
p65 (active form) were higher in gastric cancer than in intestinal
metaplasia (P<0.05), or normal mucosa (P<0.05). The rates were
also significantly higher in dysplasia than in normal mucosa.
Similarly, expression of hTERT mRNA and protein was
increased in precancerous and cancerous tissues (Table 1).
     The relations between clinicopathological features and
expression of p65 and hTERT in the 41 patients with gastric
carcinoma were further analyzed (Table 2). Nuclear staining
rates of p65 and hTERT proteins were both significantly associated
with the degree of differentiation, lymph node metastasis, clinical
stage and the depth of invasion (P<0.01-0.05). Furthermore,
the nuclear staining of p65 was significantly higher in tumors

5 cm than in those <5 cm. With respect to expression of
hTERT mRNA, we found that carcinomas at advanced stage
showed a significantly higher level than those at early stage.
However, there was no significant association between expression
of hTERT mRNA and other clinicopathological features.

Table 2  Correlation between expression of NF-κBp65 protein,
hTERT mRNA and protein and clinicopathological features

Factor           Cases   NF-κB            hTERT        hTERT
               p65 (%)        mRNA (%)   protein (%)

Gender
  Male 30 16 (53.33)       24 (80.00)      24 (80.00)
  Female 11   9 (81.82)       11 (100.00)      8 (72.73)
Age (years)
  <60 24 14 (58.33)       21 (87.50)      20 (83.33)
  60 17 11 (64.71)       14 (82.35)      12 (70.59)
Histology (type)
  Intestinal 16   7 (43.75)       12 (75.00)      10 (62.50)
  Diffuse 25 18 (72.00)       23 (92.00)      22 (88.00)
Differentiation
  Well 13   3 (23.08)b        9 (69.23)       7 (53.85)a

  Poor 28 22 (78.57)       26 (92.86)      25 (89.29)
Lymph node metastasis
  Negative 16   4 (25.00)b      12 (75.00)       9 (56.25)a

  Positive 25 21 (84.00)       23 (92.00)      23 (92.00)
Stage
  Early 12   2 (16.67)b        7 (58.33)b      5 (41.67)b

  Advanced 29 23 (79.31)       28 (96.55)      27 (93.10)
Tumor size (cm)
  <5 19   6 (31.58)b      14 (73.68)      13 (68.42)
  5 22 19 (86.36)       21 (95.45)      19 (86.36)
Depth of invasion
  m, sm 10   2 (20.00)a        6 (60.00)       4 (40.00)a

  ms, ss 17 11 (64.71)       16 (94.12)      15 (88.24)
  se, si 14 12 (85.71)       13 (92.86)      13 (92.86)

aP<0.05, bP<0.01, From comparison in each group of clinicopatho-
logic feature by chi-square test or Fisher’s exact test. m: mucosa,

sm: submucosa, mp: muscularis propria, ss: subserosa, se: inva-
sion to serosa, si: invasion to other organ. Tumor size was de-
fined as the largest size in extension on the gastric mucosa.

Correlation between NF-κB activation and expression of
hTERT
There was a positive correlation between NF-κB activation
and hTERT mRNA expression in patients with intestinal
metaplasia (rs=0.665), dysplasia (rs=0.661) and gastric cancer
(rs=0.752). Similarly, hTERT mRNA expression was also
positively correlated with hTERT protein in these three groups
(P<0.05), with the rs values of 0.609, 0.750 and 0.730,
respectively.

DISCUSSION
The present study reported the detection of NF-κB activation
and hTERT gene expression, as well as their correlation, in
cancerous and precancerous tissues of stomach.
       NF-κB, an important transcription factor, consists of dimeric
complexes. We used immunohistochemistry to detect NF-κB
activation. The polyclonal antibody we used, could bind to
the active and inactive forms of p65, one of NF-κB subunits,
as shown in a previous study[29]. We only quantified the nuclear
staining (active form) to evaluate NF-κB activation. With such
an analysis, nuclear translocation of p65 could be estimated at
single-cell level. We found that active NF-κB was not only in
the nuclei of tumor cells but also in the nuclei of infiltrating
inflammatory cells, especially lymphocytes, which was
accordant with the role of NF-κB involved in immune and
inflammatory responses[30,31]. Isomoto et al[32] also reported that
in Helicobacter pylori-associated gastritis, activated NF-κB
was expressed in macrophages, vascular endothelial cells and
B lymphocytes in addition to epithelial cells, which might be
involved in the inflammation process.
     Using in situ hybridization and immunohistochemistry
methods, we detected the expression of hTERT at both RNA and
protein levels. Importantly, the in situ detection enabled us to
differentiate whether telomerase activity was due to proliferative
normal cells or lymphocytes. Therefore immunohistochemical
detection of hTERT might be a novel tool for the diagnosis of
gastric cancer[33]. In this study, we demonstrated that, besides
tumor cells, hTERT mRNA and protein were also expressed,
albeit weakly in normal gastric fundic mucosa. These epithelial
cells were terminally differentiated. It is possible that low levels
of hTERT expression might be the characteristics of physically
regenerating tissues containing stem cells, and hTERT-positive
cells might be competent for regeneration if severe mucosal
damage occurred[28]. Although the level of hTERT mRNA
correlated significantly with that of hTERT protein in our
study, their expression levels were not always coincident in
precancerous and cancerous lesions. It is likely that post-
translational modifications, such as phosphorylation by akt
kinase, might be involved in hTERT expression[28,34].
      The present study revealed that NF-κBp65 nuclear staining
rates were higher in cancer tissues, followed by dysplasia,
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Table 1  Expression of NF-κBp65 protein, hTERT mRNA and protein in precancerous lesions and gastric cancer

                 NF-κBp65             hTERT mRNA        hTERT protein
Lesion           Cases

 +   ++ +++ Total (%) + ++ +++   Total (%) +          ++     +++         Total (%)

Normal 10  0    0    0   0 (0) 1   0    0   1 (10.00) 0            0          0           0 (0)
Intestinal metaplasia 23  7    1    0   8 (34.78)b 6   3    0   9 (39.13)b 5            2          0           7 (30.43)b

Dysplasia 15  7    1    0   8 (53.33)a 7   3    0 10 (66.67)a 7            2          0           9 (60.00)a

Cancer 41  7  14    4 25 (60.98)a 6 20    9 35 (85.37)a 6          20          6          32 (78.05)a

aP<0.05, vs normal mucosa group; bP<0.01, vs cancer group.



intestinal metaplasia and normal mucosa. This is the first report
on NF-κBp65 detection in gastric precancerous tissues. As to
the expression of hTERT gene, previous studies revealed that
carcinomas could express hTERT more frequently than
noncancerous tissues[25,35-38]. Our findings support these results.
The present study indicated that NF-κB and telomerase were
both activated in precancerous lesions, suggesting that NF-
κB activation and increased hTERT gene expression emerge
at the early stage of gastric carcinogenesis, and that they may
be the prerequisites for malignant transformation. Therefore,
NF-κB and telomerase might be potentially important targets
for the development of anti-tumor therapies for gastric
carcinoma[15,39,40].
      Sasaki et al[29] reported that NF-κB activation was positively
correlated with tumor size, lymphatic invasion, depth of
invasion and peritoneal metastasis. Besides that, our study also
revealed significantly positive correlations between nuclear
staining of NF-κB p65 and differentiation degree and clinical
stage. Therefore, NF-κB activation might be associated with
tumor growth, invasion and metastasis.
    It has been reported that hTERT expression might be
downstream of NF-κB activation[26,41]. Yin et al[26] found a
potential NF-κB binding site at 350 base pairs upstream from
the translational start site of mouse TERT promoters and NF-
κB was found to contribute to the activation of TERT
expression. In addition, Akiyama et al[41] showed that NF-κB
interacted directly with hTERT protein in multiple myeloma
cells. In the present study we examined the relationship between
nuclear staining of NF-κBp65 and hTERT mRNA at the
cellular level by immunohistochemistry and in situ
hybridization. We observed that both p65 and hTERT mRNA
were overexpressed in gastric cancer with the positive staining
rates of 60.98% and 85.37%, respectively. In fact, most
specimens showing a high p65 level also showed high hTERT
mRNA expression and vice versa. Furthermore, the expression
of p65 and hTERT mRNA showed a significant correlation in
cancerous and precancerous tissues (intestinal metaplasia and
dysplasia). And in nonneoplastic mucosa, the positive staining
of p65 and hTERT mRNA were detected simultaneously in
proliferative glands and activated lymphocytes. All of these
suggested that NF-κBp65 cooperated with hTERT in gastric
carcinogenesis. We speculate that NF-κBp65 may induce
hTERT promoter activity and upregulate telomerase activity
and contribute to the aggressiveness of gastric carcinoma.
     However, our study was limited by the high specificity of
p65 mAb for the p65 subunit, and thus we could not evaluate
other NF-κB dimers. The relationship between other NF-κB
subunits and gastric cancer needs further studies.
     In conclusion, we demonstrated the presence of activated
NF-κBp65 and increased hTERT expression in gastric
cancerous and precancerous tissues. The levels of p65 and
hTERT expression were higher in gastric cancer than in normal
mucosa, and NF-κB activation was associated with tumor
growth, invasion and metastasis. Our findings suggest that NF-
κBp65 cooperates with hTERT in gastric carcinogenesis.
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Abstract
AIM: To evaluate the tumor-positive ratio and number of
perigastric lymph nodes as prognostic factors of gastric
carcinoma in surgically-treated patients.

METHODS: The postoperative survival of 169 patients with
gastric cancer who were performed D2 curative gastrectomy
was analyzed with regard to its lymph node metastasis ratio
and number. Meanwhile correlation of tumor-positive ratio
and number of perigastric lymph nodes with pathological
parameters of these patients was studied.

RESULTS: The overall 5-year survival rate of all the patients
studied was 29.6%. The 5-year cumulative survival rate in
patients with 1%-20% and more than 20% of tumor-positive
lymph nodes was 70.6% and 12.0% respectively, and 46.6%
and 17.4% in those with 1-5 and more than 5 of tumor-
positive lymph nodes respectively, which were significantly
decreased with the increment of involved lymph nodes
assessed by either numbers or ratio (P<0.05). Multiple
stepwise regression analysis showed that both the positive
ratio and number of tumor-involved lymph nodes were
sensitive prognostic factors in these surgically-treated
patients, which were also significantly correlated with tumor
size and depth of submucosal invasion (P<0.05).

CONCLUSION: Tumor-positive ratio and number of perigastric
lymph nodes are associated with cancer progression and
five-year survival rate, and may serve as valuable prognostic
factors of gastric cancer in surgically-treated patients.
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INTRODUCTION
It has been well recognized that lymph node metastasis in
patients with gastric cancer is one of the important prognostic
factors[1-4]. In 1997, the International Union Contrele Cancer

(UICC) and American Joint Commission for Cancer (AJCC)
redefined metastatic status of lymph node on the basis of the
involved node number rather than its location, in which pN1
was defined as 1-6 local lymph nodes being  involved, pN2 as
7-15 local lymph nodes being involved and pN3 as more than
15 local lymph nodes being involved[5-7]. Some  reports strongly
suggested that this classification was more sensitive with a
higher reproducibility in the prognostic evaluation of gastric
cancer patients than that assessed by the metastatic locations
of lymph node[8,9]. However, In China there are few reports
concerning the correlation of local lymph node metastatic ratio
and number with the prognosis of gastric cancer patients, which
was the motivation for us to initiate the present study of such
cases in the Chinese population.

MATERIALS AND METHODS

Patients and materials
Between January 1995 and November 1997, 304 patients with
primary gastric cancer were performed D2 radical gastrectomy
in the Department of General Surgery, First Affiliated Hospital
of Nanjing Medical University. Of them, 121 male and 48 female
cases aging from 32 to 78 years (mean, 58.4 years) were found
to have lymph node metastasis, and analyzed in the present study,
with a following-up time from 0 to 61 months postoperation.

Methods
The status of lymph nodes was assessed according to the staging
system formulated by UICC/AJCC in 1997. Of the 169 patients
with positive lymph nodes, 32 were found to have remote
lymphatic metastasis such as that in the retropancreatic,
mesenteric and paraortic regions. The total number of resected
lymph nodes was 10 223 (mean: 34.1, range: 11-122), the median
number of examined lymph nodes was 26 (mean: 31.1, range:
12 to 91) for all 304 patients, the median number of involved
regional lymph nodes was 5.0 (mean: 7.1, range: 1 to 42).
Lymph node metastasis ratio was defined as the number of
metastatic lymph nodes to the total number of resected ones.
      To elucidate the prognostic significance of metastatic lymph
nodes, the clinical and histopathological records of these 169
patients were analyzed. The relationships of 5-year survival
rate with sex, age, tumor location, histopathological grading,
macroscopic type, lymph node resection and depth of tumor
invasion were determined. Tumor location, macroscopic type,
and lymph node resection were graded according to the Japanese
classification of gastric carcinoma proposed by Japanese Gastric
Carcinoma Association (JGCA).Histopathological grading was
defined according to the fifth edition of TNM classification.
Following-up information was obtained from routine clinical
examinations.

Statistical analysis
Statistical analysis was carried out using SPSS 10.0 for
Windows. The 5-year survival rate of those performed using
D2 radical gastrectomy was analyzed by cox’s proportional



hazard models. The log rank test was used to compare the
survival data between groups. Comparison between qualitative
results for the PN categories and clinical or histopathological
parameters was performed using the χ2 test. Independent
predictors of postoperation survival were identified by logistic
regression analysis. Kaplan-Meier curves were used to
demonstrate survival distribution.

RESULTS
Among the 304 patients, 169(55.6%) had lymph node metastasis.
The 5-year survival rate was 29.6% for the node-positive
patients, and was 91.2% for the node-negative patients. The
cancer -specific 5-year survival rate of patients with lymph
node metastasis was significantly lower than that of those
without lymph node metastasis (P<0.05).

Correlation between lymph node metastatic ratio and 5-year
survival rate
The patients were divided into two groups by the ratio of
metastatic lymph node number to the total number of resected
lymph nodes. The 5-year survival rate of 51 patients with
metastatic lymph nodes less than 20% was 70.6%(36 cases),
while that of 118 patients with 21% or more was 12% (14
cases). A significant difference was noted between the two
groups (P<0.05, Table 1). As the ratio of lymph node metastatasis
increased, the 5-year survival rate decreased (Figure 1).

Table 1  Correlation between lymph node metastatic ratio and
survival years

Survival  years
Ratio of positive      n  P
lymph nodes    1  2  3  4  5

<20%      51   51 49 45 39 36        <0.05
>21%    118 104 87 66 43 14a

aP<0.05 vs the group with lymph node metastatic ratio less
than 20%.

Figure 1  Negative correlation between survival years and ra-
tio of metastatic lymph nodes in patients with gastric cancer.
+: patients with metastatic ratio of lymph node less than 20%:
-: patients with metastatic ratio of lymph node more than 21%.

Relation between lymph node metastasis number and 5-year
survival rate
There was no significant difference in the outcome of patients
with 1, 2, 3, 4 or 5 positive nodes, but there was a sharp decrease
in survival rate when the sixth node was involved (Table 1),
So the patients were divided into two groups according to the
lymph node metastatic number. Group A having less than 5
and group B having more than 6. The 5-year survival rate of
71 patients with less than 5 metastatic lymph nodes was
46.6%(33 cases), and the 5-year survival rate of 98 patients
with more than 6 metastatic lymph nodes was 17.4% (17 cases).

A sharp decrease in survival was seen between two groups
(P<0.05, Table 2). The 5-year survival rate decreased as the
number of lymph node metastatases increased (Figure 2).

Table 2  Correlation between lymph node metastatic number
and survival years

Number   Survival years
of positive  n              P
lymph node   1   2   3   4   5

1   9   9   9   8   6   5
2 20 20 19 18 15 10     0.908
3 12 12 12 10   9   5     1.0
4 11 11   9   8   6   5     0.79
5 19 17 16 14 11   8     0.704
6 41 36 30 22 11 10     0.009
7 20 18 16 13   9   5     0.555
8 16 14 11   9   7   3     0.698

9 21 18 13   9   8   3     0.688
1-5 71 69 66 58 47 33
>5 98 86 70 53 35 17      0.00072a

aP<0.05, vs the group with lymph node metastatic number more
than 5.

Figure 2  Negative correlations between survival years and num-
ber of metastatic lymph nodes in patients with gastric cancer. +:
patients with metastatic number of lymph nodes less than 5: -:
patients with metastatic number of lymph nodes more than 6.

Correlation between positive ratio of lymph node metastasis
and tumor characteristics
As shown in Table 3, lymph node metastatic ratio was
positively correlated to tumor size, depth of invasion. No
significant difference was found between lymph node
metastatic ratio and tumor location.

Table 3  Correlation between lymph node metastatic ratio and
tumor characteristics

Pathological Lymph node <20% >21%               P
characteristics metastatic ratio

Size of tumor
    <4 cm 42  43
    4 cm   9   74a            0.48
location
    Lower third   5     8
    Middle third 22   47
    Upper third 24   63          <0.001
Depth of invasion
    Mucosa and submucosa 12     9
    Muscle and subserosa 16     6
    Serosa 23 103b          <0.001

aP<0.05, bP<0.05 vs the group with lymph node metastatic ratio
less than 20%.
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Correlation between number of positive lymph nodes and
tumor characteristics
As shown in Table 4, tumors with one to five involved lymph
nodes compared with those with six or more involved lymph
nodes were significantly characterized by size, depth of
invasion, there was no significant difference between the
number of involved lymph nodes and tumor location.

Table 4  Correlation between number of involved lymph nodes
and tumor characteristics

Pathological            Number of positive >5    P
characteristics lymph nodes 1-5

Size of tumor
    <4 cm 51 34
    4 cm 20 64a    0.48
location
    Lower third   7   6
    Middle third 31 38
    Upper third 33 54 <0.05
Depth of invasion
    Mucosa and submucosa 20   1
    Muscle and subserosa 18   4
    Serosa 33 93b <0.05

aP<0.05, bP<0.05 vs the group with lymph node metastatic num-
ber more than 5.

DISCUSSION
Gastric carcinoma, one of the most common human malignant
tumors, is as the first leading cause of gastrointestinal cancer-
related mortality. Over 50% of patients with gastric cancer
operated in China had lymph node metastasis, which resulted
in poor prognosis of these patients[10-13]. As yet, lymph node
status has been considered as the major determinant of
gastric cancer recurrence for patients undergoing a curative
gastrectomy[14-16]. However, some authors suggested that the
prognostic assessment of these patients by counting the number
of positive lymph nodes related to tumor locations was too
complicated to be used in routine practice. A simple and easy
system for lymph node staging has been considered to be
urgently needed[14-16].
     In the present study, we observed the effect of metastatic
lymph node number on the survival years of gastric cancer
patients. The result showed that the five–year survival rate in
patients with 0, 1-5 and more than 5 tumor-positive lymph
nodes was 91.2%, 46.6% and 17.4% respectively, indicating
that considerable differences in the five-year survival rate
existed between the patients. However, There was no
significant difference observed between the outcomes of
patients with 1, 2, 3, 4 and 5 tumor-positive lymph nodes. Thus
it is more reasonable to classify gastric cancer patients with
criteria of tumor-positive node numbers rather than tumor-
positive nodes. Similar results have been revealed in a previous
report by Wu et al. They divided the gastric cancer patients
into two groups according to the number of involved lymph
nodes, and found that the number of positive nodes rather than
lymph node involvement was suitable for the classification of
nodal stages in gastric cancer[8,17,18].
     Lymph node metastatic ratio, namely the number of
metastatic lymph nodes to the total number of resected lymph
nodes, has also been found to be an important prognostic
factor[19-22]. We observed that the 5-year survival rate in patients
with the metastatic lymph node ratio of 0, 1-20% and more
than 21%, was 91.2%, 70.6% and 12% respectively. Similar
results have been shown by Kwon and his colleagues that the

metastatic ratio of lymph nodes was one of the main factors in
determining the five-year survival rate of gastric cancer
patients. Furthermore, the lymph node metastatic ratio has also
been found to be more objective and reliable than the metastatic
number in the prognosticating outcomes of these patients,
because the former could effectively eliminate the influence
of variance in resected lymph number on the prognosis of
gastric cancer patients[23-27].
     It is generally accepted the depth of cancer invasion is an
other important prognostic indicator in gastric cancer. Yasuda
et al showed that the metastatic rate of lymph nodes was
correlated with the depth of submucosal invasion in early stage
of gastric carcinoma[28,29], which was in accordance with our
present results. We found that the number and ratio of
metastatic lymph nodes were positively related with the depth
of cancer invasion and tumor size in gastric cancer cases.
    In conclusion, gastric cancer patients with 5 or more
positive lymph nodes and 20% or more of positive lymph node
metastasis associated with a poor prognosis. The positive
number and ratio of lymph node metastasis are simple and
useful indictors in evaluating the surgical results of patients
with gastric cancer[19,30,31].
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Abstract
AIM: To construct a recombinant adenoviral vector carrying
AFP promoter and EGFP gene for specific expression of EGFP
gene in AFP producing hepatocellular carcinoma (HCC)
HepG2 cells.

METHODS: Based on the Adeno-XTM expression system, the
human immediate early cytomegalovirus promoter (PCMV IE)
was removed from the plasmid, pshuttle, and replaced by a
0.3 kb α-fetoprotein (AFP) promoter that was synthesized
by polymerase chain reaction (PCR). The enhanced green
fluorescent protein (EGFP) gene was inserted into the multi-
clone site (MCS), and then the recombinant adenovirus
vector carrying the 0.3 kb AFP promoter and EGFP gene
was constructed. Cells of a normal liver cell line (LO2), a
hepatocarcinoma cell line (HepG2) and a cervical cancer
cell line (HeLa) were transfected with the adenovirus.
Northern blot and fluorescence microscopy were used to
detect the expression of the EGFP gene at mRNA or protein
level in three different cell lines.

RESULTS: The 0.3 kb AFP promoter was synthesized
through PCR from the human genome. The AFP promoter
and EGFP gene were directly inserted into the plasmid
pshuttle as confirmed by restriction digestion and DNA
sequencing. Northern blot showed that EGFP gene was
markedly transcribed in HepG2 cells, but only slightly in LO2
and HeLa cells. In addition, strong green fluorescence was
observed in HepG2 cells under a fluorescence microscopy,
but fluorescence was very weak LO2 and HeLa cells.

CONCLUSION: Under control of the 0.3 kb human AFP
promoter, the recombinant adenovirus vector carrying EGFP
gene can be specially expressed in AFP-producing HepG2
cells. Therefore, this adenovirus system can be used as a
novel, potent and specific tool for gene-targeting therapy
for the AFP positive primary hepatocellular carcinoma.

Shi YJ, Gong JP, Liu CA, Li XH, Mei Y, Mi C, Huo YY. Construction
of a targeting Adenoviral vector carrying AFP promoter for

expressing EGFP gene in AFP producing hepatocarcinoma cell.
World J Gastroenterol  2004; 10(2): 186-189
http://www.wjgnet.com/1007-9327/10/186.asp

INTRODUCTION
In recent years, research in tumor gene therapy has made
great progress in laboratory, However, there is an urgent need
for gene therapy in clinical practice. Recombinant adenovirus
is one of the most popular and promising tools for gene
therapy[1,2]. But how to construct a proper recombinant
adenovirus vector carrying the interested gene that is specifically
expressed only in target tumor cells has become the bottle neck
which restricts the application of the vector in clinical gene
therapy for tumors[3,4]. The aim of this study was to construct a
recombinant adenovirus vector carrying a 0.3 kb AFP promoter,
and to investigate the expression of enhanced green fluorescent
protein (EGFP) gene that was inserted into the vector in AFP
positive hepatocarcinoma cells.

MATERIALS AND METHODS

Reagents
EX Taq DNA polymerase, T4 ligase, DNA isolation and
purification kit were purchased from Promega (USA),
restriction endonucleases and the DNA marker from Takara
Biotechnology, Dalian (China), LipofectaminTM 2000 from
Invitrogen (USA), and RPMI 1640 medium and fetal calf serum
from Hyclone (USA).

Cell lines
Hepatocarcinoma cell line, HepG2, was a gift from Professor
Wei-Xue Tang, Department of Pathophysiology, Chongqing
University of Medical Sciences. A normal hepatocyte cell
line, LO2, and human cervical cancer cell line, HeLa, were
preserved in our laboratory. Low-passage HEK 293 cells were
obtained from the Institute for Cytobiology, Chinese Academy
of Sciences, Shanghai. All cells were cultured in RPMI-1640
medium containing 10% fetal calf serum at 37  in saturated
humidified air with 5% CO2. The cells were subcultured once
every three days.

Vectors
Adenovirus vector Adeno-XTM expression system and pEGFP-
C1 were purchased from Clontech Corporation (USA).

Polymerase chain reaction (PCR)
PCR was employed to amplify human AFP promoter and
EGFP gene from HepG2 cell genomic DNA and pEGFP-C1,
respectively. Specific primers for AFP promoter were as
follows: 5’-GCG CTA GCA TTC TGT AGT TTG AGG AG-
3’ (sense), 5’-ATG GGC CCA TTG GCA GTG GTG GAA-3’
(antisense). NheI and ApaI sites were introduced into the sense
and antisense primer, respectively, as underlined. Specific
primers for EGFP gene were as follows: 5’-AAG GGC CCT
TTA GTG AAC CGT CAG AT-3’ (sense), 5’-GCC TTA AGT



TAT CTA GAT CCG GTG GAT-3’ (antisense). ApaI and
AflII sites were introduced into the sense and antisense primer,
respectively.
      To remove the pCMV IE from the pshuttle, PCR was used to
amplify the 99-744 region of pshuttle, and specific primers
were as follows: 5’-AGC CAG TAT CTG CTC CCT GCT
TGT G-3’ (sense), 5’-ATG CTA GCG GTG CCA AAA CAA
ACT CCC A-3’ (antisense). NheI site was introduced into the
antisense primer.
     PCR was performed in a total volume of 50 µl consisting
of 1 µM each primer, 200 µM each dNTP, 5 µl 10×polymerase
reaction buffer, 1.25U EX taq DNA polymerase and 1 µl DNA
template. The samples were heated to 94  for 5 min followed
by amplification for 30 cycles at 94  for 30 s, 55  for 30 s,
and 72  for 50 s. After the last cycle, a final extension step
was at 72  for 7 min. Then 5 µl of each product was analyzed
by 1% agarose gel (containing 0.5 µg/ml EB) electrophoresis.
PCR products were purified from the agarose gel using DNA
purification kit.

Construction of the adenoviral vector
pshuttle and the PCR products of 99-744 region were both
doubly digested with MluI and NheI, and the digested products
were ligated with T4 ligase. MluI site was 256, and the NheI
was 921 in pshuttle. The 256-921 region of the pshuttle was
removed from the plasmid, and replaced by the region of 256-
744, then the 744-921 region containing the pCMV IE was
removed from pshuttle. Thus, a new plasmid pCMV(-) was
constructed.
     Subsequently, the pCMV(-) and AFP PCR products were
doubly digested with NheI and ApaI. The 0.3 kb AFP promoter
was inserted into the pCMV(-), which was called pAFP. Then
the pCMV IE was replaced by the AFP promoter.
     To insert the EGFP gene into the pAFP, both the pAFP
and EGFP PCR products were doubly digested with ApaI
and AflII. The digested products were Ligated to construct
pAFP-EGFP.
     The newly constructed plasmid pAFP-EGFP was then
doubly digested with PI-Sce/I-Ceu I (New England Biolabs.
UK), and the purified product was ligated with Adeno-X
genome DNA. It was amplified in E.coli DH5α. The HEK293
cells were transfected with recombinant adenovirus which was
linearized with PacI, as described in the manual. In brief, the
HEK293 cells were cultured in a 60 mm plate, and 10 µl Pac I-
digested Adeno-X DNA was added in the culture medium when
the cells were 50-70% confluent, then the cells were transfected
with Lipofectamin and incubated for another week. For virus
collection, the cells were lysed with three consecutive freeze-
thaw cycles, and the virus was collected from supernatant. The
titer of the virus was about 1×107  pfu/ml, which was determined
with end-point dilution assay.

Northern blot analysis
HepG2, LO2 and HeLa cells were cultured in 6-well plates,
and the medium was removed after 24 h, followed by addition
of adenovirus at multiplicity of infection (M.O.I) of 100 plaque-
forming units (pfu)/cell, and fresh culture medium was added
4 h later. After 48 h of normal culture, total RNA was extracted
from the cells for Northern blot. In brief, 10 µg total RNA of
each sample was added to 10 g·L-1 formaldehyde denatured
agarose gel, and electrophoresis was performed. mRNA was
transferred onto the nitrocellular (NC) membranes by
capillary blot, and exposed to 254 nm ultraviolet for 1 min
(600×100 µJ·cm-1) to fix mRNA. The NC membranes were
pre-hybridized for 3 h at 42 . The cDNA probes were labeled
by a random primer method. The probes were added and
hybridized at 42  for 20 h. Then the membranes were washed,

dried and used for X-ray film autoradiography at -70  in a
black box for 48 h. The relative amount of EGFP cDNA was
semi-quantified from relative optical density of the band, using
a Bio-image analysis system (Bio-Rad Doc Gel 2000, USA).

Fluorescence microscopy
The cells were cultured and transfected with the recombinant
adenovirus as described above. Fluorescent images were
captured at 490 nm using a Nikon Eclipse E1000 microscope.

RESULTS

PCR amplification and DNA sequencing of AFP promoter
Electrophoretic results of PCR product of the human 0.3 kb
AFP promoter are shown in Figure 1. The sequence of the
promoter was described as below:

gcgctagcat tctgtagttt gaggagaata tttgttatat ttgcaaaata aaataagttt
     NheI -229
gcaagttttt tttttctgcc ccaaagagct ctgtgtcctt gaacataaaa tacaaataac

         GRE
cgctctgctg ttaattattg gcaaatgtcc cattttcaac ctaaggaaat accataaagt

        HNF-1
aacagatata ccaacaaaag gttactagtt aacaggcatt gcctgaaaag agtataaaag
                                              HNF-1
aatttcagca tgattttcca tattgtgcttc caccactgcc aatgggccca t
                                                                            +25 Apa I
The AFP promoter region of -229 to 25 was indicated with italics;
GRE: glucocorticoid response element;
HNF-1: hepatocyte nuclear factor;
tata: TATA Box.

Figure 1  Human 0.3 kb AFP promoter.

Enzyme digestion analysis of the recombinant pshuttle
The plasmid pshuttle and the 99-744 region of the PCR product
were both doubly digested with MluI and NheI (Figure 2). A
670 bp fragment was released from pshuttle, and replaced by
a 490 bp fragment that was digested from the PCR product.
The pCMV IE was removed from the pshuttle.

Figure 2  Plasmid pshuttle and PCR product doubly-digested
with MluI/NheI. M: marker, 1: the PCR product of 99-744 re-
gion of pshuttle, 2: the product of PCR doubly digested with
MluI/NheI, 3: pshuttle, 4: doubly-digested pshuttle with MluI/
NheI, a 670 bp fragment was released from pshuttle.
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Specific expression of EGFP gene in HepG2 cells
As shown in Figure 3, strong expression of EGFP mRNA was
observed in HepG2 cells but was weak in AFP negative LO2
and HeLa cells, only 38% and 17% of that in HepG2 cells,
respectively.
    Under fluorescence microscopy, green fluorescence
indicating expression of EGFP was strong in HepG2 cells
(Figure 4A) but very weak in LO2 (Figure 4B) and invisible
in HeLa cells.

Figure 3  A: Transcription levels of EGFP shown by Northern
blot in three different cell lines, B: Transcription levels of EGFP
gene detected by semi-quantity analysis in three cell lines. Lane
1, HeLa cell; lane 2, HepG2 cell; lane 3, LO2 cell.

Figure 4  Expression of EGFP mRNA in HepG2 cells (A) and
LO2 cells (B) ×200.

DISCUSSION
Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide. All the treatment strategies used today
had a poor outcome[5-7]. Gene therapy might be a promising

way[8,9]. Gene transfer into specific tissues or cell types is a key
technique in the development of gene therapy. A tissue-specific
promoter has been found to be potentially valuable for the study
of specific gene function and for gene therapy[10-14], as it permited
a linked cytotoxic or any other gene to be expressed specifically
in target cells[15-17]. The AFP could be re-expressed in the
majority of hepatocellular carcinomas[18,19], and thus utility of
the AFP promoter for gene therapy against HCC might be a
rational approach[20-22].
      Adenoviral gene transfer is one of the most reliable methods
for introducing genes into almost all types of mammalian
cells and for expressing the genes at high levels since many
cells receive multiple copies of the recombinant genome. Gene
therapy using replication-competent adenovirus that selectively
propagates in tumor cells might be an effective treatment for
cancer[23,24]. We developed an adenovirus carrying an AFP
promoter, thus the replication of the target gene was restricted
specifically in AFP-producing HCC[25]. The full length AFP
promoter was 5.1 kb[26,27], previous studies have shown that
the 0.3 kb of the AFP promoter had an enough activity to
stimulate AFP transcription containing a glucocorticoid
response element and two binding sites of hepatocyte nuclear
factor (HNF)-1, a hepatocyte-specific transcriptional factor,
and a TATA box, but no typical CCAAT sequence[28,29].
     In this study, primers containing specific enzyme-cutting
sites were designed to amplify the 0.3 kb AFP promoter from
human genome, and the 0.3 kb sequence was cloned into the
plasmid pshuttle to replace the primary CMV promoter. EGFP
gene as a target gene was inserted into the downstream of
AFP promoter. Then AFP expressing hepatocarcinoma cells
(HepG2), AFP negative normal hepatocytes (LO2) and HeLa
cells were transfected with the recombinant adenovirus.
Northern blot showed that EGFP gene was dramatically
transcribed in HepG2 cells, however, in LO2 and HeLa cells,
the transcription was very weak. Under fluorescent microscopy,
green fluorescence was strong in HepG2 cells, but very weak
in the other two cell lines. Therefore, this recombinant
adenovirus carrying the 0.3 kb AFP promoter can be used as a
proper vector to express the interested gene in AFP expressing
hepatocarcinoma cells or tissues.
     It has been reported that the promoter activity of 0.3 kb
AFP promoter was limited for transcription of downstream
genes[30,31]. For this reason, several enhancers have been inserted
into the upstream of the promoter in order to upgrade its
activity[32-35]. In our study, the original enhancer in pshuttle
was reserved, which might contribute to the satisfactory
transcription of the downstream gene using the 0.3 kb promoter.
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Abstract
AIM: To evaluate the effects of p53 on apoptosis and
proliferation of hepatocellular carcinoma (HCC) cells treated
with transcatheter arterial chemoembolization (TACE).

METHODS: A total of 136 patients with HCC received TACE
and other management before surgery were divided into
TACE group and non-TACE group. TACE group included 79
patients who had 1-5 courses of TACE before surgery, of
them, 11 patients had 1-4 courses of chemotherapy (group
A), 33 patients had 1-5 courses of chemotherapy combined
with iodized oil (group B), 23 patients had 1-3 courses of
chemotherapy, iodized oil and gelatin sponge (group C), 12
patients had 1-3 courses of chemotherapy combined with
iodized oil, ethanol and gelatin sponge (group D). Non-TACE
group included the remaining 57 patients who had surgery
only. The extent of apoptosis was analyzed by transferase
mediated dUTP nick end labeling (TUNEL) staining. The
expressions of p53, Bcl-2, Bax, Ki-67 and PCNA protein were
detected by immunohistochemical method.

RESULTS: P53 protein expressions in trabecular and clear
cells in HCC specimens were significantly lower than that in
pseudoglandar, solid, poorly differentiated or undifferentiated
and sclerosis HCC (P<0.05). Expression of p53 protein in
HCC cells increased with the increase of pathological grades
(P<0.05), and correlated positively with expressions of Ki-
67 and PCNA protein, and negatively with Bcl-2 to Bax protein
expression rate and AI (P<0.05). Expression of p53 protein
was significantly higher in group A than in groups B, C, D
and the non-TACE group, and was higher in group B than in
groups C and D, and lower in group D than in the non-TACE
group (P<0.05).

CONCLUSION: Expression of p53 protein can enhance
proliferation of HCC cells and suppress apoptosis of HCC
cells after TACE.

Xiao EH, Li JQ, Huang JF. Effects of p53 on apoptosis and
proliferation of hepatocellular carcinoma cells treated with
transcatheter arterial chemoembolization. World J Gastroenterol
2004; 10(2): 190-194
http://www.wjgnet.com/1007-9327/10/190.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common
malignancies. Surgical resection has been recognized as the
most effective method for the treatment of HCC[1,2], but it is
only indicated for small number of HCC patients. Transcatheter
arterial chemoembolization (TACE) has become one of the
most popular and effective palliative methods for HCC. Various
mixtures of anticancer drugs, Lipiodol and gelatin sponge have
been used as TACE agents. There have been a few reports on
comparison of the efficacy of different TACE regimens on
HCC patients[3].
    Cellular homeostasis in tissue depends on the balance
between apoptosis and cell proliferation. Wild-type p53 protein
inhibits the growth of tumor by arrest of cell proliferation and
induction of apoptosis[4]. Bcl-2 and Bax protein are important
regulators of apoptosis[5]. Bcl-2 proteins can prolong cell
survival by suppressing apoptosis, and Bax proteins can
enhance apoptosis[6]. PCNA and Ki-67 protein are useful markers
for proliferative activity[7]. PCNA functions as a cofactor of
DNA-polymerase and an important mark for evaluating the
proliferation of colon cancer[8], gastric adenocarcinoma[9], H  pylori
associated gastric epithelial lesions[10], lung cancer[11], ovarian
cancer[12],large intestine polyps[13] and HCC[14,15] .
    As far as we know, the effect of p53 on apoptosis and
proliferation of HCC cells treated with different TACE regimens
has not been investigated yet. In particular, it is unclear whether
p53 can affect apoptosis and proliferation of HCC cells treated
with TACE by modulating the expressions of Bcl-2, Bax, PCNA
and Ki-67 proteins. In the present study, we examined the effects
of p53 on apoptosis and proliferation of HCC cells treated with
TACE alone or in combination with others.

MATERIALS AND METHODS
Patients
From February 1992 to February 2001, 136 patients with HCC
were referred to our hospital for surgery, including 122 men
and 14 women with a mean age of 45 years (range 20 to 70
years). Preoperative ultrasound (US), computed tomography
(CT), magnetic resonance (MRI), digital subtraction
angiography (DSA) and plasma AFP levels were used to
diagnose the conditions and the diagnosis was finally confirmed
with pathological biopsy.

Surgical procedure
The patients were divided into TACE or non-TACE group. In TACE
group, 79 patients underwent 1-5 courses chemoembolization
prior to liver resection. Of them, 11 patients had 1-4 courses of
chemotherapy only (group A), 33 patients had 1-5 courses of
chemotherapy combined with iodized oil  (group B), 23 patients
had 1-3 courses of chemotherapy, iodized oil and gelatin sponge
(group C), 12 patients had 1-3 courses of chemotherapy
combined with iodized oil, ethanol and gelatin - sponge (group
D). Considering the course of TACE, 50 patients underwent
one course, 19 patients underwent two courses, 10 patients
underwent three or more courses. The interval from the last
TACE to the surgery was 52.8±12.2 days (x±s), 25 patients had



1 month or less, 29 patients had 2 months or less, 16 patients
had 3 months or less, 9 patients had over 3 months. In non-
TACE group, 57 patients had surgery without preoperative
TACE. The types of hepatectomy were dependent on the location
of tumor, the severity of concomitant hepatic cirrhosis and
preoperative hepatic function.

TUNNEL staining
Transferase-mediated dUTP nick end labeling (TUNEL)
staining was used to examine apoptosis. Positive control slides
were treated with DNAse-1 and negative controls were stained
in the absence of terminal deoxynucleotidyl transferase
enzyme. Dark brown nuclei with nuclear condensation in
stained cells were considered as TUNEL positive. Apoptotic
index was the ratio of the number of positively stained tumor
cells to the total number of tumor cells.

Immunohistochemical method
The formalin-fixed, paraffin-embedded specimens were
examined immunohistochemically using respective antibodies
to p53 M7001 (dilution:1:100), Bcl-2 MO887(dilution:1:60),
Bax A3533 (dilution:1:200), Ki-67 M7187(dilution:1:50) and
PCNA M0879 (dilution:1:200) (LSAB kit Dako). Positive
controls were selected cases known to be positive for the
primary antibody, such as laryngeal carcinoma or normal
lymph nodes. Negative controls were stained with a nonspecific
Ig G (normal rabbit Ig G) and Tris-buffered saline. Brown-
yellow staining in nuclei of cancer was found in p53, Ki-67
and PCNA positive cells, while brown-yellow staining in
cytoplasm and/or cell membrane was observed in Bcl-2 and
Bax positive cells. All slides were reviewed and scored by two
independent observers in blind. A few cases with discrepant
scoring were reevaluated to reach a final agreement.

Statistical analysis
Data were expressed as x±s and analyzed by means of SPSS
10.0 software package (SPSS, Chicago, IL, USA, 1999). The
Student t test, the Crosstabs (chi-square and Fisher,s exact
probability test), K independent samples and Pearson rank
correlation coefficient test were used to test the correlation
between parameters. A P value <0.05 was considered statistically
significant.

RESULTS

P53 expression in different histopathologic types
P53 protein expression in trabecular and clear cells of HCC
was significantly lower than that in pseudoglandar, solid,
poorly differentiated or undifferentiated and sclerosis HCC
(P<0.05, Table 1).

P53 expression in different pathological grades
Pathological grades were divided into four groups. Expression
of p53 protein in HCC cells increased as the increase of
pathological grade in non-TACE or TACE group (P<0.05).
P53 protein expression in grade II specimens in TACE
group was significantly lower than that in non-TACE group
(P<0.05, Table 2).

Table 2  Expressions of proteins in different grades of HCC

Treat groups              I                        II                     III                    IV

Non-TACE 60.99±30.58     67.22±15.53     72.98±20.60    93.47±0.00
TACE 32.59±11.68     60.02±14.67     74.69±8.65      82.64±1.11
P      >0.05                <0.05               >0.05              >0.05

P53 expression in HCC cells
Expression of p53 protein in HCC cells was 69.37±18.81%
in the non-TACE group, 65.09±15.71% in TACE group,
75.34±5.36% in group A, 69.34±12.59% in group B,
60.94±17.24% in group C, and was 53.41±18.13% in group
D. Expression of p53 protein was significantly higher in group
A than in groups B, C, D and non-TACE group, and was higher
in group B than in groups C and D, and lower in group D than
in non-TACE group (P<0.05, Figures 1-4).

Correlation between courses of TACE and p53 protein
expression
Expression of p53 protein in HCC cells was 69.37±18.81%  in
non-TACE group, 65.76±13.96% in one-course of TACE
group, 64.09±19.81% in two-courses of TACE group, and
65.19±17.80% in three or more courses of TACE group. No
statistical difference was found among groups (P>0.05).

Correlation between interval of TACE and p53 protein
expression
Considering the interval from the last TACE to the operation,
expression of p53 protein was 69.37±18.81% in non-TACE
group, 63.54±13.72% in TACE group with an interval 1
month, 61.17±18.32% in TACE group with a 1-2 months
interval, 70.87±15.06% in TACE group with a 2-3 months
interval, and 73.67±5.87% in TACE group with an interval
>3 months. P53 protein expression  was significantly lower in
patients with an interval 2 months than that in patients with
an interval >3 months (P<0.05).

Correlation of p53 expression with Ki-67, PCNA, Bax, Bcl-2
protein expressions and AI
In non-TCAE group, p53 expression (69.37±18.81%) had
a positive correlation with expressions of Ki-67 protein

Table 1  P53 protein expression of different types of HCC

             Histological types
Groups

 Trabecular     Pseudoglandar      Solid   Clear cell      Poorly differentiated  Sclerosis

Non-TACE 63.66±19.96        72.29±12.47 70.83±24.45 68.27±19.22 74.79±16.18 72.11±0.00
TACE 56.90±17.12        72.35±13.70 74.93±8.76 62.15±11.78 73.66±8.54
P      >0.05             >0.05      >0.05      >0.05      >0.05

Table 3  Correlation p53 expression with Ki-67, PCNA, Bax, Bcl-2 and AI

Ki-67 PCNA   bcl-2   bax bcl-2/bax          AI

Non-TCAE group P53 PC 0.454a 0.331a -0.141  0.054    -0.375a       -0.198
TACE group p53 PC 0.553a 0.577a  0.007 -0.142     0.001       -0.459a

aCorrelation is significant at the 0.05 level (2-tailed), PC: Pearson correlation.
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(44.43±20.70%, P<0.05), PCNA (62.92±17.21%, P<0.05), and
Bax (44.29±23.73%, P >0.05), and a negative correlation with
the ratio of Bcl-2 to Bax (0.48±0.64, P<0.05), AI (5.71±1.38,
P>0.05) and Bcl-2 (12.72±4.92%, P>0.05) (Table 3).
      In TACE group, expression of p53 protein (65.09±15.71%)
had a positive correlation with expression of Ki-67 (40.24±
16.59%, P<0.05), PCNA (59.95±17.75%, P<0.05), and Bcl-2
(7.47±6.41%, P>0.05), Bcl-2 to Bax ratio (0.21±0.29, P>0.05),
and a negative correlation with AI(14.69±6.29%, P<0.05) and
Bax (54.59±23.63%, P>0.05) (Table 3).

Figure 1  P53 immunostaining cells in one representative HCC
specimen in non-TACE group (Dako Envision, peroxidase
method ×200).

Figure 2  P53 staining cells in HCC in group B (Dako Envision,
peroxidase method ×200).

Figure 3  P53 staining cells in HCC in group D (Dako Envision,
peroxidase method ×200).

Figure 4  P53 expressions in different groups.

DISCUSSION
HCC is one of the most common malignant neoplasms. Most
HCC patients are treated palliatively to improve the resectable
rate and prolong survival. The best therapeutic method for HCC
with tumor thrombi in portal vein (PVTT) has been regional
hepatic TACE treatment after hepatic resection with removal
of tumor thrombi[16]. TACE has become one of the most
common and effective palliative approaches. The prognosis
of patients treated with TACE was dependent on both the effect
of TACE and tumor factors[17].
     To our knowledge, few data regarding the molecular
mechanism of TACE treatment for HCC are available, the
current study is the first report to describe the correlations
between p53 expression and different TACE regimens.
      Our study showed that the frequency of p53 expression
was higher in group A than in group B, non-TACE group and
TACE group, the lowest in  group C and D (P<0.05). Our
previous study showed that multidrug resistant gene product-
Pgp protein was significantly increased in chemotherapy group
alone[18], suggesting that p53 expression increased after
chemotherapy with the development of chemoresistance. p53
status might be an important determinant of tumor response to

chemotherapy. Tumors with P53 (-) expression might respond
to chemotherapy. Inversely, chemotherapy was not effective
in patients with P53 (+) expression[19]. This study demonstrated
that p53 protein expression had no significant difference
between the TACE and non-TACE groups[20].
    The reverse correlation between AI and p53 protein
expression of HCC cells was found in both TACE and non-
TACE groups in this study. Most p53 protein measured was
the mutant-type. AI was significantly positively correlated with
wild-type p53 which enhanced apoptosis by activating
proapoptotic Bax and by down-regulating antiapoptotic Bcl-2[21].
     The current study demonstrated that p53 expression was
positively related to Ki-67 and PCNA protein expression in
the non-TACE and TACE groups, suggesting that the mutated
p53 protein could enhance the growth of HCC. Our previous
study showed both PCNA and p53 expressions had a
significantly parallel correlation, the overexpression of mutated
p53 resulted in cancer immortalization, high tumor recurrence
risk, more aggressive growth and poor survival[22] and Kieser
et al found that a mutated p53 gene could provide an advantage
for tumor proliferation[23]. Igarashi et al reported that expression
of p53 protein like Ki-67 labeling index was a useful indicator
for high proliferative activity[24]. A mutated p53 gene provided
an advantage for tumor proliferation not only by allowing
escape from apoptosis, but also by leading to formation of a
vascular-rich microenvironment[25]. However, it has been known
that wild-type p53 could inhibit the expression of PCNA[26].
     Wild-type p53 is a positive transcriptional activator for
human Bax gene and a negative transcriptional activator for
human Bcl-2 gene. The activation of p53 pathway could lead
to the down-regulation of Bcl-2 and up-regulation of Bax[27].
The current study demonstrated that p53 protein expression
was positively related to Bax expression, and negatively to
Bcl-2 expression in the non-TACE group. Bcl-2 expression
had an inverse correlation with mutant p53, and wild-type p53
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and  majority of mutant p53 proteins could down-regulate Bcl-
2 expression and up-regulate Bax expression in vitro and in
vivo[28]. Moreover, Bcl-2 and p53 could cooperate in regulating
pathogenetic pathways in the processes of tumor invasion and
metastasis[29].
      The current study demonstrated that p53 protein expression
was negatively related to Bax expression, and positively to
Bcl-2 expression in the TACE group, which was in accordance
with the previous report that Bax expression was significantly
increased in tumors with wild-type p53 gene after chemotherapy
but did not increase in tumors with mutatant p53 gene[21].
      This study demonstrated that discrepancy of P53 existed
in different types of HCC. P53 protein expression was
significantly lower in trabecular and clear cells of HCC than
that in solid and poorly differentiated or undifferentiated HCC,
in both non-TACE and TACE groups, Zhao et al reported that
p53 gene mutation varied in histological types and the mutated
rate was 10.5% in trabecular cells, 37.5% in pseudoglandar
cells, 60.0% in solid cells and 33.3% in sclerosis (P<0.05)[30].
Our previous study showed that trabecular  and clear cells were
more sensitive to TACE than solid, poorly or undifferentiated,
and small cells of HCC[31]. Wang et al also found that the
clear cells of HCC were more sensitive to TAE than small
cells of HCC and poorly differentiated or undifferentiated
HCCs[32]. Yamashita et al found that most HCCs responsed to
TACE well[33]. These suggest that p53 protein expression would
influence the effects of TACE on HCC. Further study is needed
to clarify the correlation between p53 protein expression and
tumor necrosis and patient survival.
     This study also demonstrated that P53 protein expression
increased as grades increased in both non-TACE and TACE
groups (P<0.05), which was inconsistent with the study of
Zhao et al[30].
     P53 protein expression of grade II HCC was significantly
lower in TACE group than in non-TACE group, suggesting
that influences of the molecular markers were very complicated
and discrepancy in therapeutic effect of TACE on different
histopathological types of HCC was existed. It would be the
best choice to use TACE in an individualizated mode.
      The best interval of treatment for repeated TACE or second
stage resection is controversial. In this study, we found that
p53 protein expression of HCC cells was significantly lower
in the group with a 2 months or less interval than in the group
with an over 3 month treatment interval (P<0.05). We found
that the best interval between treatment with TACE or second
stage resection was 2-3 months.
    In conclusion, discrepancy of histological types and
pathological grades in p53 protein expression is existed in
HCC. P53 protein expression can enhance proliferation of HCC
cells and suppress apoptosis of HCC cells after TACE. P53
protein expression would influence effects of TACE on HCC.
We need further study to clarify the correlation between p53
protein expression, tumor necrosis and patient survival.
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Abstract
AIM: To investigate the expression of 4-1BB molecule in
hepatocellular carcinoma (HCC) and its adjacent tissues.

METHODS: Reverse transcription–polymerase chain reaction
(RT-PCR) was used to determine the gene expression of
4-1BB in hepatocarcinoma and its adjacent tissues, and
peripheral blood mononuclear cells (PBMCs) from both HCC
and health control groups. Flow cytometry was used to
analyse the phenotypes of T cell subsets from the blood of
HCC patients and healthy volunteers, and further to determine
whether 4-1BB molecules were also expressed on the surface
of CD4+ and CD8+ T cells. The localization of 4-1BB proteins
on tumor infiltrating T cells was determined by direct
immunofluorescence cytochemical staining and detected by
confocal microscopy.

RESULTS: 4-1BB mRNA, which was not detectable in normal
liver, was found in 19 liver tissues adjacent to tumor edge
(<1.0 cm). Low expression of 4-1BB mRNA was shown in 8
tumor tissues and 6 liver tissues located within 1 to 5 cm
away from tumor edge. In PBMCs, 4-1BB mRNA was almost
not detected. Percentage of CD4+, CD8+ and CD3+/CD25+ T
cells, as well as ratio of CD4 to CD8 revealed no difference
between groups (P>0.05, respectively), while a significant
lower percentage of CD3+ T cell was found in HCC group as
compared to healthy control group (P<0.05). However, 4-1BB
molecules were almost not found on the surface of CD4+ and
CD8+ T cells in HCC and healthy control group. Double-staining
of 4-1BB+/CD4+ and 4-1BB+/CD8+ immunofluorescence on
tumor infiltrating T cells was detected in 13 liver tissues
adjacent to tumor edge (<1.0 cm) by confocal microscopy.

CONCLUSION: Although HCC may escape from immune
attack by weak immunogenicity or downregulated expression
of MHC-1 molecules on the tumor cell surface, tumor
infiltrating T cells can be activated via other costimulatory
signal pathways to exert a limited antitumor effect on local
microenvironment. The present study also implicates that
modulating 4-1BB/4-1BBL costimulatory pathway may be
an effective immunotherapy strateg to augment the host
response.

Wan YL, Zheng SS, Zhao ZC, Li MW, Jia CK, Zhang H. Expression
of co-stimulator 4-1BB molecule in hepatocellular carcinoma
and adjacent non-tumor liver tissue, and its possible role in tumor
immunity. World J Gastroenterol  2004; 10(2): 195-199
http://www.wjgnet.com/1007-9327/10/195.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) has a very poor prognosis
owing to its high malignancy, and it ranks second cause of
cancer death in China[1]. Curative tumour resection or orthotopic
liver transplantation (LTx) seems to be an optimal treatment.
Nevertheless, the recurrence rate remains high both after
tumour resection and LTx[2-10]. Chemotherapy and embolisation
are at best palliative with few impacts on survival[3]. Recently,
immunotherapy has been used with some success for such
tumours as melanoma[11-14] and renal-cell carcinoma[15,16] that
are associated with an inflammatory or immune response.
However, like most solid tumours, HCC has long been
considered poorly immunogenic and substantially refractory
to immunotherapy. Since a better prognosis of HCC attributes
to the anti-tumor effect induced by cellular immunity of
infiltrating CD8+ and CD4+ T lymphocytes[17], these tumor
infiltrating lymphocytes (TILs) might be in an activated status
and play a limited immune protection in microenvironment.
     The 4-1BB receptor, a recently identified molecule of
tumor necrosis factor- receptor (TNFR) superfamily, is a type I
membrane protein expressed on activated cytolytic and helper
T cells[18,19], as well as NK cells[20]. The ligand for 4-1BB receptor
is a 4-1BB ligand (4-1BBL), which is expressed on APCs
including B cells, macrophages, and dendritic cells[21,22]. Ligation
of 4-1BB with 4-1BB ligand plays an important role in sustaining
T cells activation, amplifying cytotoxic T lymphocyte (CTL)
response, as well as inducing IL-2 production in the complete
absence of a signal through CD28 molecule[22,23]. A recent
research demonstrated that immunomodulatory gene therapy
with 4-1BB ligand could induce long-term remission of liver
metastases in a mouse model and augment CTL response
against tumor[24]. The present study was to detect whether 4-
1BB molecules were expressed on infiltrating CD4+ and CD8+
T cells in HCC and its adjacent tissues, and to illustrate the
role of 4-1BB/4-1BBL pathway in tumor immunity.

MATERIALS AND METHODS
Patients
Nineteen patients with HCC confirmed by histopathologic
examination were selected. Among them, 14 were male and 5
female aged from 28 to 68 years (average, 49.67±13.04 years).
Three liver specimens from mismatched cadaver donor and
22 healthy peripheral blood specimens from Blood Center of
Zhejiang Province were served as controls.

Reagents
Fluorescein isothiocyanate (FITC) -conjugated mouse
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monoclonal antibodies (mAbs) specific for human surface
antigens including anti-CD4 (IgG1k clone RPA-T4), anti-CD8
(IgG1k clone RPA-T8), anti-CD3 (IgG1k clone UCHT1),
phycoerythrin (PE)-conjugated anti- CD25 (IgG1k clone M-
A251), anti-4-1BB (IgG1k clone 4B4-1), and FITL or PE-
conjugated mouse IgG1k (clone MOPC-21) as isotype controls
were purchased from Becton Dickinson, San Jose, CA.
RevertAidTM M-MuLV reverse transcriptase and Taq DNA
polymerase were obtained from Promega, USA.

Peripheral blood mononuclear cell preparation
In order to isolate PBMCs, 5 ml heparinized blood was diluted
1:1 with PBS containing 0.6% Na3-citrate and layered over a
5 ml Ficoll cushion. After centrifugation (20 min, 700×g), the
interface containing PBMCs was collected and washed twice
with PBS. This precipitate contained approximately 25%
monocytes and 75% lymphocytes.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
Semi-quantitative assessment of 4-1BB mRNA expression was
performed using RT-PCR on a PTC-200 DNA engine (MJ
Research, USA). Briefly, total RNA was prepared from PBMCs
and liver tissues using TRIZOL (Gibco BRL Life Technologies,
Breda, the Netherlands). cDNA was synthesized with 2 µg of
total RNA template using the superscript pre-amplification
system (Promega, USA) and random primers in a final volume
of 20 µl. The cDNA used as template was checked in respect
to human β2-MG amplification. The following primers
(Shanghai Sangon, China) were used: β2-MG sense primer:
5’-CCAGCAGAGAATGGAAAGTC-3’, β2-MG antisense
primer: 5’- GATGCTGCTTACATGTCTCG-3’, 4-1BB sense
primer: 5’-TCAGGACCAGGAAGGAGTGT-3’, 4-1BB
antisense primer: 5’-AACGGAGCGTGAGGAAGAAC-3’.
Using these primers, fragments of 240 bp, and 414 bp were
expected to result from amplification of β2-MG and 4-1BB
cDNAs, respectively. PCR reactions contained 20 pmol of each
primer for 4-1BB, 2.5 u of Taq polymerase, 1 µ1 of 25 mM
dNTPs, 1.2 µl of 25 mM MgCl2 and 10×PCR buffer in a final
volume of 25 µl. For β2-MG amplification, 1 µl of each primer
at a 1:8 diluted concentration to 4-1BB primers was used for
the reaction. PCR products (8 µl) were analyzed on 1.5%
agarose gel containing ethidium bromide using Kodak DNA
analyser (Gibco BRL) with Kodak digital science 1S 2.0
software. The expression level of 4-1BB mRNA was described
as the ratio of 4-1BB/β2-MG×100.

Flow cytometric analysis
One hundred microliters of heparinized peripheral blood were
incubated with monoclonal antibody at room temperature in
dark for 15 min to 30 min according to the manufacturer’s
instructions. Another 100 µl of heparinized peripheral blood
incubated with FITL or PE- conjugated mouse IgG1k (clone
MOPC-21) was used as negative isotype control. Erythrocytes
were lysed in turn with ImmunoPrep A, B, and C haemolytic
solution on Coulter Q-Prep (Beckman-coulter). Alignment was
checked using immunocheck beads (Beckman-coulter). All
results were obtained using EPICS®  XL FACScan (Beckman-
coulter) with systemIII software.

Direct immunofluorescence histochemical staining protocol
Tissues were stored at -70  until use. Four µm-thick frozen
sections (on poly-L-lysine coated slides) were fixed in acetone
for 10 min at 4 . The sections were blocked in phosphate
buffered saline (PBS) and 1% bovine serum albumin (BSA)
for 1 h, followed by incubation with FITC and PE labeled
antibodies or conjugated isotype matched control antibodies
for 16 h at 4 . After extensively washed (overnight), stained
sections were covered in PBS and kept in dark at 4 .

Confocal microscopy
LEICA TCS-SP confocal microscope (Germany) was equipped
with argon lasers and Leica inverted research biological microscope
with an oil immersion objective lens of ×40 (NA1.30). The sections
processed for immunocytochemistry were viewed under
LEICA TCS-SP confocal microscope. After standard
fluorescence observations, 4-1BB and CD4 or CD8 localization
on TIL was automatically scanned by laser emitted at 488 nm
and imaged by using PowerScanner physiology software. FITC
and PE fluorescence emissions were captured through grating
at 530/30-nm and 605/30-nm respectively.

Statistical analysis
Data were expressed as mean±SD. Statistical analysis was
performed using one-way ANOVA with SPSS 10.0 software.
Kruskal-Wallis H test and Student’s t test were also used for
the nonparametric and parametric data analysis between two
groups, respectively. A P value  0.05 was considered significant.

RESULTS

Expression of 4-1BB mRNA in tumor tissues but almost not
in PBMCs
4-1BB mRNA was not detectable in normal liver, but was
detected in all 19 liver tissues adjacent to tumor edge (<1.0 cm).
Low expression of 4-1BB mRNA was shown in 8 tumor tissues
and 6 liver tissues located within 1 to 5 cm away from tumor
edge. However, in PBMCs, 4-1BB mRNA expression was
not detected in samples from 18 healthy controls (81.82%,
18/22) and 13 patients with HCC (68.42%, 13/19). Very low
expression of 4-1BB mRNA was detected in another 4 healthy
volunteers and 6 patients with HCC. However, the median
level of 4-1BB mRNA expression from PBMCs in each group
was 0 (P>0.05) (Figures 1, 2).

Figure 1  Representative RT-PCR results of 4-1BB mRNA ex-
pression in normal liver, and HCC tissues as well as its adja-
cent tissues. (M, GeneRulerTM 100 bp DNA Ladder Plus; N,
normal liver; H, HCC tissues; P, adjacent tissues to HCC (<1 cm),
P’: liver tissues located within 1 to 5 cm away from tumor edge)

Figure 2  Representative RT-PCR results of 4-1BB mRNA ex-
pression in PBMCs (M,GeneRulerTM 100 bp DNA Ladder Plus;
N, healthy control; H, HCC group).

Almost no detection of 4-1BB molecules on CD4+ or CD8+ T
cells in PBMCs
In order to analyze T cell phenotypes, and determine whether
4-1BB molecules expressed on T cells from PBMCs, flow

M   N1   N2  H1   H2  H3   P1   P2   P3   P’1   P’2   P’3

414 BP
240 BP

M   N1   N2  N3   N4  N5  H1   H2   H3 H4   H5  H6

414 BP
240 BP



cytometric analysis was used. The results are shown in Table
1. Percentages of CD4+, CD8+ T cells and CD3+CD25+ T cells,
as well as the ratio of CD4 to CD8 had no significant differences
between the groups (P>0.05). However, a significantly higher
percentage of CD3+ T cells was found in healthy control group
as compared to HCC group (P<0.05). 4-1BB molecules were
almost not found on the surface of CD4+ and CD8+ T cells in
HCC and healthy control group. The percentage of 4-1BB+/CD4+

or CD8+ T cells in two groups was not more than 0.1%, and the
median value in each group was 0 (P= 0.406 for 4-1BB+/CD4+,
P=0.209 for 4-1BB+ /CD8+, respectively). (Table1, Figure 3).

Co-localization of 4-1BB and CD4 or CD8 on TILs
To determine whether TILs were the same clones as T lymphocytes
from peripheral blood, confocal laser microscopy was used to
detect 4-1BB expressions on TILs. As expected, we did not
find any PE conjugated 4-1BB and FITC conjugated CD4 or
CD8 fluorescence located within 3 normal liver tissues.
However, co-localization of 4-1BB+/CD4+ or CD8+ on TIL was
visualized by confocal laser microscopy in 3 tumor tissues and

1 liver tissue located within 1 to 5 cm away from tumor edge,
as well as 13 tumor adjacent tissues within 1 cm. (Figure 4).

DISCUSSION
It seems that a better prognosis of HCC could attribute to the
anti-tumor effect induced by cellular immunity of infiltrating
CD8+ and CD4+ T lymphocytes[17]. However, like most solid
tumours, HCC has long been considered poorly immunogenic.
Tumor cells were capable of delivering antigen-specific signals
to T cells clone, but could not deliver costimulatory signals,
e.g., a B7/CD28 interaction[25-27], necessary for full T cell
activation, could lead to the evasion of immune surveillance
by malignant cells[28]. Moreover, evidences have demonstrated
that TILs can down-regulate the expression of CD28 molecules,
but still could retain a limited immune protection in local tumor
microenviroment[27]. Therefore, other molecules may involve
in sustaining T cells activation and amplifying cytotoxic T
lymphocytes response.
      In this study, we found that 4-1BB mRNA transcripts were
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Table 1  Analysis of T cells phenotypes of PBMCs from healthy controls and HCC patients (Mean±SD)

Groups  n             CD4       CD8             CD3 CD3/CD25              CD4/CD8

Normal control 22        34.74±6.19 28.70±5.11       66.56±10.24   1.22±0.13 1.20±0.18
HCC 19        31.40±4.70 25.83±3.98       61.30±4.61   1.22±0.12 1.26±0.17
P value             0.058      0.051            0.038      0.918    0.279

Figure 3  Comparison of 4-1BB molecules on CD4+ or CD8+ PBMCs between healthy controls and HCC patients.

Figure 4  Confocal laser micrographs of TILs in HCC adjacent tissues processed for the immunocytochemical detection of 4-1BB
and CD4 or CD8 molecules. (A and D, FITC immunofluorescence for CD4 and CD8 molecules respectively; B and E, PE immunof-
luorescence for 4-1BB molecules; C and F, automatically synthetic micrographs by computer soft for A and B, and D and E,
respectively).
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not detectable in normal liver, but were detected in all 19 liver
tissues adjacent to tumor edge (<1.0 cm). In some tumor and
liver tissues located within 1 to 5 cm away from tumor edge,
low expression of 4-1BB mRNA was also detected. Since 4-
1BB molecules were mainly expressed on activated T
lymphocytes[18,19], 4-1BB transcripts might derive from TILs.
To identify this hypothesis, direct immunofluorescence staining
of 4-1BB and CD4 or CD8 on TILs was examined by confocal
microscope. Co-localization of 4-1BB+/CD4+ or CD8+

fluorescence located on TILs was visualized by confocal
microscopy in tumor and liver tissue within 1 to 5 cm away
from tumor edge, as well as tumor adjacent tissues within 1
cm. Previous researches reported that interaction of 4-1BB with
4-1BB ligand played an important role in sustaining T cells
activation, amplifying cytotoxic T lymphocyte (CTL) response,
as well as inducing IL-2 production in the complete absence
of a signal through CD28 molecule[22,23]. A recent report
indicated that under the condition of repeated Ag-stimulation,
down-regulated expression of CD28 molecule on activated T
cells could lead to activation-induced cell death (AICD)[29],
while very few 4-1BB molecules might supply sufficient
costimulatory signals to sustain T cells activation, and inhibit
AICD[30,31]. In fact, accumulative evidence has confirmed that
4-1BB/4-1BB ligand pathway plays a role in transplant
immunity[32-34] and autoimmune disease[35-37]. Therefore, the
present study may provide an important clue that 4-1BB
molecules are also involved in the process of infiltrating CD4+

and CD8+ T cells activation, at least partly, and that modulating
4-1BB/4-1BB ligand pathway might augment CTL response
against tumor[24,38-40].
    However, even if these infiltrating lymphocytes are
functionally activated via 4-1BB signals or the others, and are
truly specific for tumor cells, why they could not inhibit the
tumour growth? This phenomenon was inexplicable. Cytotoxic
T cells propagated from biopsies showed a specific killing
of the tumor cells in vitro, confirming that the complex
microenvironment inside the tumor tissue was not able to
provide the optimal condition for TILs to fully exert their
functions in inhibiting tumor growth, or even to induce
apoptosis of TILs through Fas/Fas ligand system[41,42].
      To explore if the TILs were the same clones as T lymphocytes
from peripheral blood, we analyzed the phenotypes of
peripheral blood lymphocytes, and examined 4-1BB molecules
and its mRNA transcripts by flow cytometry and RT-PCR
respectively. To our surprise, we failed to detect 4-1BB mRNA
in peripheral blood lymphocytes and 4-1BB molecules on
peripheral CD4+ or CD8+ T cells from HCC patients. But our
results confirmed that a significantly lower percentage of CD3+

T cells was found in HCC group as compared to healthy control
group, which was coincided with other research data[43]. Since
the phenotype and function of lymphocytes collected from the
peripheral blood were not the same as those of lymphocytes
from tumor draining regional lymph nodes and tumor tissues,
we found that 4-1BB molecules were existed in infiltrating
CD4+ and CD8+ T cells but not in peripheral blood lymphocytes.
Therefore, we may conclude that TILs and peripheral blood
lymphocytes are not the same clones[43-45].
     In summary, we examined 4-1BB molecules expression in
infiltrating T cells in HCC specimens, indicating that tumor
infiltrating T cells can be activated via other costimulatory
signals, e.g., 4-1BB, and exert a limited antitumor protection in
local microenvironment. The present study also implicates that
modulating 4-1BB/4-1BBL costimulatory pathway may be an
effective immunotherapy strategy to augment the host response.
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Abstract
AIM: To develop a tumor DNA vaccine encoding a fusion
protein of murine AFP and CTLA4, and to study its ability to
induce specific CTL response and its protective effect against
AFP-producing tumor.

METHODS: Murine α-fetoprotein (mAFP) gene was cloned
from total RNA of Hepa1-6 cells by RT-PCR. A DNA vaccine
was constructed by fusion murine α-fetoprotein gene and
extramembrane domain of murine CTLA4 gene. The DNA
vaccine was identified by restriction enzyme analysis,
sequencing and expression. EL-4 (mAFP) was developed
by stable transfection of EL-4 cells with pmAFP. The
frequency of cells producing IFN-γ in splenocytes harvested
from the immunized mice was measured by ELISPOT. Mice
immunized with DNA vaccine were inoculated with EL-4
(mAFP) cells in back to observe the protective effect of
immunization on tumor. On the other hand, blood samples
were collected from the immunized mice to check the
functions of liver and kidney.

RESULTS: 1.8 kb mAFP cDNA was cloned from total RNA
of Hepa1-6 cells by RT-PCR. The DNA vaccine encoding a
fusion protein of mAFP-CTLA4 was constructed and
confirmed by restriction enzyme analysis, sequencing and
expression. The expression of mAFP mRNA in EL-4 (mAFP)
was confirmed by RT-PCR. The ELISPOT results showed
that the number of IFN-γ-producing cells in pmAFP-CTLA4
group was significantly higher than that in pmAFP, pcDNA3.1
and PBS group. The tumor volume in pmAFP-CTLA4 group
was significantly smaller than that in pmAFP, pcDNA3.1 and
PBS group, respectively. The hepatic and kidney functions
in each group were not altered.

CONCLUSION: AFP-CTLA4 DNA vaccine can stimulate
potent specific CTL responses and has distinctive antitumor
effect on AFP-producing tumor. The vaccine has no impact
on the function of mouse liver and kidney.
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in mice induced by DNA vaccine encoding a fusion protein of
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause of cancer
death with more than 1.2 million global annual incidences.
The incidence of HCC has been increasing rapidly in both
Asian and Western countries because of the global pandemic
of hepatitis B and C infections[1]. Surgery and liver transplantation
are the only effective treatments, but most HCC patients are
not eligible due to the advanced stage of disease or poor hepatic
function concomitant with cirrhosis[2-8]. It is important to
develop novel therapies for HCC, and some genes and
immunotherapeutic strategies for HCC are under investigation.
      Understanding of antigen processing and presentation by
antigen-presenting cells, as well as the conditions of induction
of T-cell immunity, has spawned the discipline of genetic
immunotherapy. DNA-based immunization can induce strong
cellular immune responses to a variety of antigens, including
tumor antigens, such as antigens associated with malignant
melanoma[9-11], ovarian carcinoma[12], breast cancer[13,14], small-
cell lung cancer[15], neuroblastoma[16] and prostate carcinoma[17].
     Two major obstacles in developing rational strategies in
tumor immunotherapy are identification of suitable target tumor
antigens and effective process and presentation by professional
antigen-presenting cells to induce T cell immunity.
     Recent studies on the immunodominant epitopes of AFP
have provided a solution to the obstacle of HCC immunotherapy.
The majority of human HCCs overexpress the oncofetal antigen
AFP, Mr 70 000 glycoprotein. AFP is produced at fetal liver at
high levels, and transcriptionally repressed at birth and is
present thereafter at low serum levels throughout life[18].
Butterfield et al[19-21] found recently that 4 peptides of human
AFP processed and presented in the context of HLA-A0201,
could be recognized by the human T cell repertoire, and could
be used to generate AFP-specific CTL in human T cell cultures
and HLA-A0201/Kb-trangenic mice. It was also found that the
murine immune system could generate T-cell responses to this
oncofetal antigen[22-24]. AFP can serve as an effective tumor-
specific antigen but its immunogenicity is weak[19-25].
      Cytotoxic T-lymphocyte antigen 4 (CTLA4) is a glycoprotein
expressed on activated T cells. It has a strong binding affinity
to both B7-1 (CD80) and B7-2 (CD86) molecules[26], which are
primarily expressed on APCs. CTLA4 is a homodimer, but
dimerization of CTLA4 is not required for B7 binding[27]. CTLA4-
Ig has been used as an immunosuppressive drug in animal
models of transplantation and autoimmune diseases[28,29].
   In the present study, we investigated whether the
immunogenicity of mouse AFP could be improved by targeting
to APCs through B7-1 and B7-2 molecules. We constructed a
plasmid DNA encoding mAFP and the extramembrane domain
of mouse CTLA4 and found this DNA vaccine could stimulate
potent specific CTL responses and had distinctive antitumor
effect on AFP-producing tumor.

MATERIALS AND METHODS

Cell lines and plasmids
Hepa 1-6 (murine HCC) and EL-4 (murine lymphoma) cell
lines were gifts from Dr Wang Hao (The Second Military



Medical University, Shanghai, China). CHO cells were
provided by China Center for Type Culture Collection (Wuhan,
China). The plasmid pmCTLA4-Ig encoding murine CTLA4-
Ig was kindly provided by Professor Wang DW (Tongji
Medical College, Huazhong University of Science and
Technology, Hubei, China). Eukaryotic expression vector
pcDNA3.1/myc-His was   from Invitrogen Company.

Main reagents
TRIzol was a product of Gibco Company. RT-PCR kit was
purchased from TaKaRa Biotechnology Company.
Lipofectamine 2000 was a product of Invitrogen Company.
Goat anti-AFP polyclonal antibody was purchased from Sant
Cruz Company. Biotinylated rabbit anti-CTLA4 polyclonal
antibody was purchased from PepraTech Company. Primers
were synthesized by the Shanghai Bioasia Biocompany. ECL
Western blotting detection reagents were products of
Pharmacia Company. Murine IFN-γ ELISPOT kit was a
product of Diaclone Company.

Construction of Plasmids
The 1.8 kb mAFP cDNA was cloned from total RNA of Hepa1-6
cells by RT-PCR. Total RNA was isolated from Hepa1-6 cells
by the TRIzol method. RT-PCR primers were designed to
include the entire mAFP coding region, including the signal
sequence. The primers used were 5’-CTCAGGAATTCGCC
ATGAAGTGGATCACA-3’ and 5’-CTCTGCTCTAGATT
ACTCGAGAACGCCCAAAGCATCACG-3’. The 1.8 kb
mAFP cDNA PCR product was cloned into pcDNA3.1/myc-
His to construct the plasmid pmAFP. The plasmid pmCTLA4-
Ig was used as a temple to get the extramembrane domain of
CTLA4 through PCR. To construct the mAFP-mCTLA4
fusion protein expression vector, we used overlap PCR to
add a GGGGSGGGGS peptide linker upstream of the
extramembrane domain of mouse CTLA4 gene. The forward
primer 5’-TATGGCGGGGGCTCGATGGAAGCCATAC
AGGTG-3’ and the reverse primer 5’-CTCTCTCTCTAGATC
AAGAATCCGGGCATGGT-3’ were used in the first round
PCR on the mouse CTLA4-Ig gene. The PCR product was used
as a template to perform a second round PCR using the same
reverse primer and a second forward primer 5’-TTATATTCTC
GAGGGAGGCGGGGGCTCGGGAGGCGGGGGCTCGATGG-
3’. The 5’ side of the first forward primer and the 3’ side of the
second forward primer were overlapped for 17 nucleotides.
The N terminal of extramembrane domain of CTLA4 with
linker was fused in frame with the C terminal of mAFP in
pmAFP to construct the mAFP-mCTLA4 fusion protein
expression plasmid pmAFP-CTLA4. The recombinant vector
was identified by restriction enzyme analysis and sequencing.

Western blot
Lipofectamine 2000 was used for transient transfection of CHO
cells according to the manufacturer’s instructions. Proteins
were separated on SDS-PAGE, and transferred onto a
nitrocellulose membrane by semidry electrobloting. Proteins
were stained with goat anti-AFP polyclonal antibody or
biotinylated rabbit anti-CTLA4 polyclonal antibody, followed
by anti-goat IgG-HRP or HRP-avidin. The blot was developed
with ECL Western blotting detection reagents.

Stable transfection of EL-4 cells with plasmids pmAFP
EL-4 (mAFP) was developed by stable transfection of EL-4
cells with pmAFP by Lipofectamine 2000 according to the
manufacturer’s instructions. Transfectants were selected and
maintained with G418 (0.3 mg/ml) in RPMI1640 complete
media. The expression of mAFP mRNA in EL-4(mAFP) was
assessed by RT-PCR.

Immunization and ELISPOT assay
Twenty-four female C57BL/6 mice were divided into pmAFP-
CTLA4 group, pmAFP group, pcDNA3.1 group and PBS
group, each group had 6 mice. For each mouse, 100 µg plasmid
was administered in the left anterior tibialis muscle on day 0
and day 14, respectively. On day 28 of study, all mice were
killed. The splenic lymphocytes were separated for ELISPOT
and the blood was drawn for examination of the functions of
liver and kidney. The splenocytes were restimulated in vitro
by EL-4(mAFP) as reported[22]. In brief, splenocytes were cultured
with irradiated EL-4 (mAFP) cells containing 10 unit/ml human
IL-2 for 48 h at 37 . The anti-IFN-γ antibody coated ELISPOT
plate was incubated with restimulated cells at 37  for 24 h.

Protective effect of DNA vaccine against tumor
Another 24 C57BL female mice were grouped and immunized
as above. Two weeks after the last immunization, all mice were
injected by 2×105 EL-4 (mAFP) on the back subcutaneously.
Tumor mass was assessed two times weekly as the follow
formula: 4/3πr3(r= radius).

Examination of functions of liver and kidney
The serum ALT and creatinine were measured with ALT assay
kit and creatinine assay kit, respectively.

Statistical analysis
Software SPSS 10.0 was employed to process the data. The
t test was used for statistical analysis. P<0.05 was considered
significant.

RESULTS

Plasmids construction
The 1.8 kb mAFP cDNA was isolated from murine HCC cell
line Hepa1-6 by RT-PCR and subcloned into pcDNA3.1 to
construct plasmid pmAFP. We cloned the extracellular domain
of mouse CTLA4 from plasmid pmCTLA4-Ig, and added a
flexible linker (GGGGSGGGGS) before CTLA4 by overlap
PCR. The N terminal of extramembrane domain of CTLA4 with
linker was fused in frame with the C terminal of mAFP in pmAFP
to construct the mAFP-mCTLA4 fusion protein expression
plasmid pmAFP-CTLA4. Correct orientation of the ligations
was determined by restriction enzyme analysis (Figure 1).
Sequencing  analysis showed that the reading frame was correct.

Figure 1  Identification of pmAFP and pmAFP-CTLA4 with
restriction enzyme analysis. M: DNA marker, Lane 1: pcDNA3.1/
EcoRI, Lane 2: pmAFP-CTLA4/EcoRI+XbaI, Lane 3: pmAFP-
CTLA4/EcoRI, Lane 4: pmAFP-CTLA4/EcoRI+XhoI, Lane 5:
pmAFP-CTLA4/XhoI+XbaI, Lane 6: pmAFP/EcoRI+XbaI,
Lane 7: pcDNA3.1/EcoRI, Lane 8: pmAFP/EcoRI.

Western blot
Expression of plasmids pmAFP and pmAFP-CTLA4 in
transient transfection of CHO cells was analyzed with Western
blotting, the expected two protein bands (-70 and -84 kDa)
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were shown (Figure 2). The expression of mAFP mRNA in
EL-4(mAFP) was confirmed by RT-PCR(data not shown).

Figure 2  Detection of protein expression of plasmids by West-
ern blotting. A: the blot was probed with anti-AFP. Lane 1:
CHO/pmAFP-CTLA, Lane 2: CHO/pmAFP, Lane 3: Hepa 1-
6, Lane 4: CHO/pcDNA3.1, B: the blot was probed with anti-
CTLA4. Lane 1: CHO/pmAFP-CTLA, Lane 2: CHO/pmAFP,
Lane 3: CHO/pcDNA3.1.

ELISPOT assay
ELISPOT results showed the number of IFN-γ-producing cells
in pmAFP-CTLA4 group was significantly higher than that in
pmAFP group (P<0.01), pcDNA3.1 group (P<0.01) and PBS
group (P<0.01) (Figure 3).

Figure 3  Number of IFN-γ-producing cells in 4 different groups.

Protective effect of DNA vaccine against tumor
The tumor growth in pmAFP-CTLA4 group was slower than
that in other groups. Twenty two days after tumor challenge,
the tumor volume of pmAFP-CTLA4 group was significantly
smaller than that in pmAFP group (P<0.01), pcDNA3.1 group
(P<0.01) and PBS group (P<0.01) (Figure 4).

Figure 4  Comparison of tumor masses in 4 groups on 22 days
following tumor challenge.

Functions of liver and kidney
The serum level of ALT and creatinine in each group was

unchanged (Table 1), suggesting that the immunization had
no impact on the function of liver and kidney.

Table 1  Serum level of ALT and creatinine after immuniza-
tion with DNA vaccine

Groups n ALT/U·mL-1  Creatinine/µmol·L-1

       (x±s)  (x±s)

PBS 6     51.1±1.7            119.4±6.9
pcDNA3.1 6     50.9±1.5            116.6±9.7
pmAFP 6     51.6±2.5            116.4±6.0
pmAFP-CTLA4 6     52.5±3.2            118.6±11.5

DISCUSSION
Many tumors express tumor-associated or tumor-specific
antigens but do not elicit an efficient immune response. Various
experimental strategies have been explored to enhance the
immunogenicity of tumor vaccines. Targeting immunogens
to APCs with Abs against class MHC[30,31], FcγR[30], 33D1[31],
or surface Ig[32] could substantially increase Ab responses.
Antigens could be presented to APCs more efficiently by
conjugating with FcγR[33], IP10[34], MCP-3[34], L-selectin[35] and
CTLA4[35,36], and lead to significant antitumor immunity[34,36].
A DNA vaccine that can express carcinoembryonic Ag (CEA),
AFP, and CD40 ligand trimer fusion protein, could break
peripheral T cell tolerance against CEA and achieve effective
tumor-protective immunity against murine colon carcinoma
in CEA-transgenic mice[37].
     HCC is a highly malignant tumor with a poor prognosis
and few therapeutic options. AFP is a HCC-associated Ag but
can not elicit efficient immune response. Some experimental
strategies have been explored to enhance the immunogenicity
of HCC vaccines based on AFP. Previous experiments of AFP-
specific genetic immunotherapy for HCC included AFP
plasmid immunization, AFP-transduced DCs immunization
and AFP plasmid prime-AFP adenovirus boost immunization.
Plasmid AFP immunization resulted in detectable but low levels
of AFP-specific T-cell responses and poorly reproducible
protective immunity[22-25]. DCs engineered to express murine
AFP demonstrated a powerful ability to generate AFP-specific
T-cell responses and protective immunity in mice[22,23]. However,
the need for costly cell culture procedures precluded their wide
availability for clinical use, and minor variation in the culture
technique or antigen loading might yield sub optimal, even
tolerating vaccines[38,39]. AFP plasmid prime-AFP adenovirus
boost immunization could generate significant AFP-specific
T-cell responses and protective immunity in mice[23]. But this
method at least has two steps. In the present study, we tested a
novel strategy for inducing anti-HCC immunity by specifically
targeting APCs with a DNA vaccine encoding both AFP and
CTLA4 in mice. We found that the vaccine elicited strong AFP-
specific T-cell responses and had distinctive preventive effect
on AFP-producing tumor.
     We attributed the successful α-fetoprotein specific T cell
responses in mice to the CTLA4 moiety targets APCs for
efficient receptor-mediated uptake and processing of mAFP.
CTLA4 could likely provide such a strong adjuvant activity
due to its strong binding affinity to B7 molecules on APCs.
CTLA4 could bind to both B7-1 and B7-2 with a 20- to 50-
fold higher affinity than CD28[40]. A CTLA4-Ig fusion protein
composed of CTLA4 and IgG Fc was 4-fold high of that in
draining lymph nodes, levels of nontargeted protein within
2-24 hours administration[41]. Monomeric CTLA4 also has
binding activity for B7-1 and B7-2, though its binding activity
is low when compared with dimeric CTLA4.
     CTLA4-Ig has been used as an immunosuppressive drug
in animal models of transplantation and autoimmune
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diseases [28,29]. Our current study showed the enhanced
immunogenicity of mAFP-CTLA4. CTLA4  had 20 to 50-fold
higher affinity to both B7-1 and B7-2 than CD28. The immune
suppression mediated by CTLA4-Ig was likely through its
inhibition of CD28-B7 interactions, which provide an important
positive signal for T-cell proliferation and cytokine release[42].
The different immunomodulating effects of CTLA4 might be
caused by varied doses of CTLA4 administered. In previous
studies, to achieve maximal immune suppression, 50-500 µg
CTLA4-Ig was applied before and after transplantation for
several consecutive days. But when fusion protein Id-CTLA4
was used as vaccine in another experiment, only twice
administration of 0.1-50 µg Id-CTLA4 was sufficient enough
to elicit strong immune response to Id[36]. Vaccination with
DNA encoding CTLA4-Ig provided an additional evidence
that CTLA4-Ig at low levels could increase both Ab and T-
cell proliferation responses[35,43].
    In summary, the result suggests that a DNA vaccine
encoding AFP and CTLA4 can elicit strong AFP-specific T-
cell responses and has distinctive antitumor effect on AFP-
producing tumor.
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Abstract
AIM: Osteopontin (OPN) is a phosphorylated glycoprotein
with diverse functions including cancer development,
progression and metastasis. It is unclear how osteopontin
is regulated in HepG2 cells. The aim of this study was to
investigate the effect of epidermal growth factor on the
expression of osteopontin in HepG2 cells, and to explore
the signal transduction pathway mediated this expression.

METHODS: Osteopontin expression was detected by RNAase
protection assay and Western blot. Wortmannin, a specific
inhibitor of PI3K, was used to see if PI3K signal transduction
was involved in the induction of osteopontin gene expression.

RESULTS: HepG2 cells constitutively expressed low levels
of osteopontin. Treatment with epidermal growth factor
increased osteopontin mRNA and protein level in a dose-
and time-dependent manner. Application of wortmannin
caused a dramatic reduction of epidermal growth factor-
induced osteopontin expression.

CONCLUSION: Osteopontin gene expression can be induced
by treatment of HepG2 cells with epidermal growth factor.
Epidermal growth factor may regulate osteopontin gene
expression through PI3K signaling pathway. Several potential
targets in the pathway can be manipulated to block the
synthesis of osteopontin and inhibit liver cancer metastasis.

Zhang GX, Zhao ZQ, Wang HD, Hao B. Enhancement of
osteopontin expression in HepG2 cells by epidermal growth
factor via phosphatidylinositol 3-kinase signaling pathway. World
J Gastroenterol  2004; 10(2): 205-208
http://www.wjgnet.com/1007-9327/10/205.asp

INTRODUCTION
Osteopontin (OPN) is a secreted arginine-glycine-aspartate
(RGD)-containing phosphoprotein with cell adhesive and
chemotactic properties in vitro and in vivo[1-3]. It is closely
associated with infiltrating macrophages in tumors and can
directly stimulate macrophage migration, which has made it a
key target as a molecule likely to be important in mediating
tumor metastasis[4]. It has been shown that osteopontin is up-
regulated in many kinds of cancer, including hepatocellular

carcinoma[5,6], breast cancer[7-9], prostate cancer[10,11], ovarian
cancer[12,13], brain cancer[14,15] and lung cancer[16]. Elevated
osteopontin transcription often correlates with increased
metastatic potential of cancers.
    Epidermal growth factor (EGF) receptor (EGFR) is a
member of the ErbB family of ligand-activated tyrosine kinase
receptors, which play a central role in the proliferation,
differentiation, and/or oncogenesis of epithelial cells, neural
cells, and fibroblasts[17,18]. It has been reported that EGF can
induce osteopontin expression of breast cancer cells[19], rat
kidney epithelial cells[20] and HL60 cells[21], and the induction
of osteopontin may involve in signaling pathway related to
PKC and tyrosine kinase[22]. The mechanism responsible for
osteopontin up-regulation in HCC is unknown, but may involve
induction by specific cytokines. We have investigated this
hypothesis by testing the effects of epidermal growth factor
on osteopontin regulation in hepatocellular carcinoma cell line,
HepG2. Using RNase protection assay, Western blot, we found
that HepG2 cells constitutively expressed low levels of osteopontin
mRNA and protein. EGF is a potent inducer of osteopontin
mRNA and protein in HepG2 cells. Wortmannin, a specific
PI3-K inhibitor, blocks the EGF-induced OPN expression. Our
study suggests that OPN expression induced by EGF is
dependent on PI3-K signaling pathway in HepG2 cells.

MATERIALS AND METHODS

Cell line and culture
HepG2 cell line was obtained from Cell Biology Institute
(Shanghai, China). Cells were cultured in DMEM (Gibcol
BRL) containing 10% fetal calf serum (Hyclone).

Induction of growth factor signaling
Cells were plated at 1×105 per well in 6-well plates, and were
grown overnight. Next morning, the cultures were washed
twice with PBS and maintained in serum-free medium
(containing 0.05% BSA) for 24 hours. The cells were then
stimulated with the indicated amounts of EGF (Sigma) for the
indicated time frames before harvesting and analysis.
     To assess signal transduction molecules involved in the
induction of osteopontin gene expression, the PI3-Kinase
inhibitor wortmannin (Calbiochem) was added to the cells.
The cells were pretreated with respective inhibitors or vehicle
(DMSO) alone for half an hour and then treated in combination
with EGF for 8 hours. Preliminary dose-response experiments
had defined the concentrations of 100nM wortmannin to be
effective and non-toxic.

DNA constructs and in vitro transcription
Plasmid pGEM-OPN containing osteopontin fragments was
constructed in our laboratory. A 486bp of OPN fragment
was obtained by reverse transcription-PCR from plasmid
pBlueScript-OPN containing full length human osteopontin
(a kind gift from Dr. Chambers, Canada) using the sense primer
5’-ATGGATCCGATGACACTGATGATTCTCAC-3’and



antisense primer 5’-GCGAATTCGAATTCACGGCTGACAAA-
3’. The resultant BamH1-EcoR1 cDNA fragment was ligated
into the vector pGEM, and confirmed by direct sequencing.
     To make RNA probes for OPN and β-actin (a linearized
plasmid containing β-actin fragment included in the kit), in
vitro transcription was performed with a commercial kit
(Ambion), according to the user’s instructions.

RNA isolation and RNase protection assay
Total RNA was isolated using the RNeasy Mini kit (QIAGEN
GmbH, Germany). RNase protection assay was performed with
a commercial kit (Ambion). α32P-UTP labeled probes were
mixed with sample RNA and co-precipitated. Hybridization
was proceeded for 10 minutes at 68 , followed by digestion
with RNase A-T1 for 30 minutes at 37 , and separation of
hybridized RNA on 5% acrylamide and 8M urea gels. The
gels were dried on filter paper for 40 minutes at 80 , and
exposed to X-ray film. The autoradiographs were scanned using
an AlphaImager 2200 spot densitometer (Alpha Innotech
Corporation), and the integrated densities of areas were recorded.

Western blot
Cultured cells were lysed in RIPA buffer (50 mM Tris-HCL
pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% Na-deoxycholate,

0.1% sodium dodecyl sulfate). Cell lysates were denatured
at 100  for 5 minutes, and equal amounts of protein were
loaded onto 10% SDS-polyacrylamide gels. The separated
proteins were transferred to PVDF membranes (ROCHE) and
probed with antibodies to osteopontin (Calbiochem). Membranes
were stripped and re-probed with antibodies to tubulin as an
internal control.

RESULTS

OPN expression in HepG2 cells induced by EGF-treatment
In order to examine the regulators of osteopontin expression
in hepatocellular carcinoma cells, HepG2 cells were incubated
in serum-free medium and then treated with epidermal growth
factor that had been implicated in HCC. As shown in Figures
1 and 2, HepG2 cells constitutively expressed low levels of
osteopontin, stimulation of the cells with EGF increased
osteopontin mRNA expression as well as protein level in a
dose-dependent and time-dependent manner. To quantitate
this finding, densitometry of osteopontin mRNA levels was
recorded (Figure 1B and Figure 2B). Osteopontin expression
was elevated after treatment with EGF within a 8-hour period,
expression levels were further increased at 16 hours and 24
hours following treatment.

Figure 1  Dose-dependent effect of EGF on osteopontin expres-
sion in HepG2 cells. 1×105 cells were plated in 6-well plates.
Next morning, cell cultures (near 80% confluent) were incu-
bated in serum-free medium for 24 hours. The cells were stimu-
lated dose-dependently by epidermal growth factor. Positive
control denotes cells in normal growth medium containing 10%
fetal calf serum. A. Osteopontin mRNA level was analyzed by
RNase protection assay on total RNA using a 486 base-pair
probe and controlling the loading with a probe for β-actin. B.
Quantitation of osteopontin mRNA levels is shown in (A). RDU
ratio reflects relative density units of osteopontin mRNA di-
vided by β-actin mRNA. C. The results from RNase protection
assay were confirmed by Western blot of osteopontin protein.
Tubulin was served as loading control.

Figure 2  Time course showing effect of EGF on osteopontin
expression in HepG2 cells. 1×105 cells were plated in 6-well
plates. Next morning, cell cultures (near 80% confluent) were
incubated in serum-free medium for 24 hours. The cells were
stimulated time-dependently by 10 ng/ml EGF. Positive con-
trol denotes cells in normal growth medium containing 10%
fetal calf serum. A. Osteopontin gene expression was analyzed
by RNase protection assay on total RNA using a 486 base
pair probe and standardized by comparison to β-actin. B.
Quantitation of osteopontin mRNA levels is shown in (A). RDU
ratio reflects relative density units of osteopontin mRNA di-
vided by β-actin mRNA. C. Western blot of osteopontin pro-
tein by cell lysates confirmed the results from RNase protec-
tion assay. Tubulin was served as loading control.
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Interference of EGF-induced osteopontin gene expression
in HepG2 cells with inhibition of PI3-kinase
We analyzed the involvement of EGF signaling pathway in
the induction of osteopontin gene expression. Addition of the
PI3-kinase inhibitor wortmannin blocked EGF-mediated
increase of osteopontin mRNA levels in HepG2 cells (Figure
3). It should be mentioned that wortmannin only partially
reversed EGF-induced osteopontin expression, suggesting that
other pathways related to EGF might involve the induction of
osteopontin expression.

Figure 3  Phosphatidylinositol 3-kinase pathway dependent
of osteopontin expression in HepG2 cells. The PI3-kinase in-
hibitor wortmannin was used to assess EGF-dependent sig-
nal transduction leading to osteopontin gene expression. 1×105

cells were plated in 6-well plates. Next morning, cell cultures
(near 80% confluent) were incubated in serum-free medium
for 24 hours. 100 nM wortmannin was added to the cells 30
minutes before incubation in the presence or absence of 10
ng/ml EGF. A. Osteopontin mRNA level was analyzed by
RNase protection assay on total RNA using a 486 base-pair
probe and controlling the loading with a probe for β-actin. B.
Quantitation of osteopontin mRNA levels is shown in (A).
RDU ratio reflects relative density units of osteopontin mRNA
divided by β-actin mRNA.

DISCUSSION
Hepatocellular carcinoma (HCC) is one of the most malignant
tumors in the world[23]. In China, at least 100 000 new cases
occur every year, and the estimated number of HCC-related
deaths exceeds 110 000 per year. Recent studies indicate that
the incidence of HCC in the US and UK has increased
substantially over the last two decades[24,25]. Although
remarkable advances in surgery have improved the prognosis
of HCC patients, the high rate of intra-hepatic recurrence and
metastasis remains a major challenge in HCC therapy[26,27].
Recently, it has been reported metastasis genes or metastasis-
associated genes are involved in the migration and dissemination
of cancers through certain signaling pathway[28,29]. Therefore, if
the signal transduction pathway that regulates the expression
of metastasis genes could be defined, some candidate targets
via the pathway can be used to block the malignancy-promoting
effects of metastasis genes, which will be useful for therapeutic
intervention, including controlling the recurrence and metastasis
of HCC.
      Cytokine osteopontin, one of the metastatic genes, has been
found in a number of tumors[5-16], and to be essential for the
dissemination of various cancers[30]. Transfection of the cells

with anti-sense OPN RNA reduced the malignancy of the cells
and caused the decrease of tumorgenesis[31], while transfection
with osteopontin increased their malignant phenotype[32].
Osteopontin was up-regulated in hepatocellular carcinoma
and the increase of OPN expression was correlated with the
metastatic ability of HCC and invasiveness of liver tumor–
derived cell lines in vitro[5,6]. In the present study, we found
that HepG2 cells constitutively expressed low levels of
osteopontin, and EGF induced osteopontin expression in a
dose- and time- dependent manner in the cell line. The
concentration of EGF in the cells was very low. The induction
of osteopontin was prominent at 0.1 ng/ml EGF concentration
in our study, while the concentration of EGF was high up to
100 ng/ml in the literature[19,33]. The difference can be caused
by many kinds of reasons, one of them may be that the different
cells have different response to EGF. To our knowledge, this
is the first study to demonstrate that EGF can cause the
induction of osteopontin mRNA and protein levels in liver
cancer cells. In other cell lines, the up-regulation of osteopontin
by EGF was confirmed by overwhelming number of studies,
including in kidney epithelial cells[33] and osteoblasts[22].
    We then investigated the mechanism of osteopontin
regulation by EGF in HepG2 cells. Using wortmannin, a
specific inhibitor of PI3K, we found that EGF-induced
osteopontin expression was significantly down-regulated. It
suggested that the induction of osteopontin by EGF was
dependent on PI3K signal transduction pathway in HepG2
cells. On the other hand, our results showed that wortmannin
could not totally block EGF-induced osteopontin expression
in HepG2 cells, suggesting that other pathways associated with
EGF and its receptor may involve in the osteopontin induction.
      A conclusion may be drawn from the study that EGF/PI3K
signal pathway can regulate the expression of osteopontin in
hepatocellular carcinoma cell line, HepG2. Several candidate
targets via this pathway can be used for therapeutic intervention
of HCC.
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Abstract
AIM: To explore the germline mutations of the two main
DNA mismatch repair genes (hMSH2 and hMLH1) between
patients with hereditary non-polyposis colorectal cancer
(HNPCC) and suspected (atypical) HNPCC.

METHODS: Genomic DNA was extracted from the peripheral
blood of the index patient of each family, and germline
mutations of hMSH2 and hMLH1 genes were detected by
PCR-single strand conformation polymorphism (PCR-SSCP)
and DNA sequencing techniques.

RESULTS: For PCR-SSCP analysis, 67% (4/6) abnormal exons
mobility in typical group and 33% (2/6) abnormal exons
mobility in atypical group were recognized. In direct DNA
sequencing, 50% (3/6) mutation of MMR genes in typical
group and 33% (2/6) mutation of MMR genes in atypical
group were found, and 4/6 (66.67%) and 1/6 (16.67%)
mutations of hMSH2 and hMLH1 were identified in typical
HNPCC and atypical HNPCC, respectively.

CONCLUSION: Mutation detection of the patients is of
benefit to the analysis of HNPCC and, PCR-SSCP is an
effective strategy to detect the mutations of HNPCC
equivalent to direct DNA sequence. It seems that there exist
more complicated genetic alterations in Chinese HNPCC
patients than in Western countries.

Cui L, Jin HL, Cheng HY, Yan YD, Meng RG, Yu DH. Genetic
detection of Chinese hereditary nonpolyposis colorectal cancer.
World J Gastroenterol  2004; 10(2): 209-213
http://www.wjgnet.com/1007-9327/10/209.asp

INTRODUCTION
Hereditary nonpolyposis colorectal cancer (HNPCC) is
characterized by early onset of colorectal cancer, location of
tumors in the proximal colon, and an increased risk of
neoplasms of extracolonic organs, including endometrium,
stomach, urothelium, small intestine, and ovary[1-6]. The
International Collaborative Group on HNPCC (ICG-HNPCC)
proposed a set of clinical diagnostic criteria (Amsterdam
Criteria I) for HNPCC in 1990 and has revised them recently

(Amsterdam Criteria II) to provide a uniformity in collaborative
studies[7,8]. According to these criteria, there should have at
least three patients in two consecutive generations who had
colorectal cancer or the other extracolonic malignancies
including endometrial cancer, small bowel cancer, cancer of
the ureter and cancer of the renal pelvis. One of them should
be a first-degree relative of the other two, one cancer should
be diagnosed before age 50, and familial adenomatous
polyposis (FAP) should be excluded. 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[9]. According to these criteria, at least two relatives in
at least two successive generations should have colorectal
cancer, and one of them should be a first-degree relative of the
other, also, we called them atypical HNPCC.
      Nevertheless, according to those criteria above, all families
that are diagnosed as having HNPCC are identified on the basis
of a family history of colorectal or other certain malignancies.
Sometimes the accuracy and reliability of the family history
provided by patients themselves and their relatives or recorded
by physicians are questionable, as there is much viability for
the family history. Therefore, the requirements for establishing
objective strategies to identify this disease are imperative. In
the last decade, the progress in genetic study that DNA
mismatch repair genes have been identified as being mutated
in HNPCC including hMSH2, hMLHI, hPMS1, hPMS2, and
hMSH6 makes it possible to identify the cohort of patients
through genetic test. 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[10-18]. There are many studies about the
procedures of genetic testing of HNPCC, such as microsatellite
instability (MSI), PCR-SSCP, immunohistochemistry (IHC)
and direct DNA sequencing[19-24]. However, much knowledge
and a higher grade of technical development are required, before
this strategy becomes applicable to the general population.
     It has no doubt that there is a large population of HNPCC
in China[25,26]. Unfortunately, there have been few reports about
clinical and genetic characteristics of HNPCC[27]. In this study,
six HNPCC families and six atypical HNPCC families were
enrolled and, the germline mutations of hMSH2 and hMLH1
in the index patients from each family were investigated.

MATERIALS AND METHODS

Subjects
The project was approved by the Institutional Review Board
and informed consent was obtained from each participant
before the procedures were carried out. Personal and family
cancer history was obtained from the proband and participating
relatives, and cancer diagnosis and deaths were confirmed by
review of medical records, pathological reports or death
certificates. Families were identified by the Amsterdam or
Japanese criteria for HNPCC. Patients and families were
classified as the HNPCC group according to the Amsterdam
criteria, suspected HNPCC group according to the Japanese
criteria and control group without any family history.
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Genetic testing
Preparation of peripheral blood samples and DNA
amplification  Genetic analysis was performed on a blood
specimen from the proband in each family. Specimens were
collected and immediately frozen in liquid nitrogen. DNA was
extracted from blood specimens using the Wizard genomic
purification kit (Qiagen, Shanghai) according to the
manufacturer’s instructions. Each of the exons from hMSH2
and hMLH1 genes was amplified by polymerase chain reaction
(PCR). Next, the samples were heat-treated at 95  for 5
minutes to inactivate the enzyme, and used as the template
DNA. All DNA amplification was performed in a 50 µl volume
containing 100 ng template DNA, 10-3 M Tris-HCl (pH 8.9),
50-3M KCl, 2.5 mom MgCl2, 0.2-3M of each dNTP,10 pmol
each primer, and 1U Taq polymerase was subjected to 35 PCR
cycles (5 mins at 94  , 40 s at 94  , 60 s at 55  , and 40 s at
72  ). Oligonucliotide sequences were designed from the
sequences published in Genebank.

PCR-SSCP analysis and direct sequencing
Single-strand conformation polymorphism (SSCP)  The
technique of single-strand conformational polymorphism
(SSCP) was used to identify mutations in the mismatch repair
genes[28,29]. Each exon of hMSH2 and hMLH1 was amplified
specifically using PCR (details of oligonucleotide sequences and
conditions are available from the authors). PCR products were
electrophoresed on 10% non-denaturing polyacrylamide gels
with an acrylamide: bisacrylaminde ratio of 30:0.8 at 70volt for
12 h at room temperature. DNA was detected by silver staining
according to the methods described by others. Those single
stranded DNAs that took up an altered conformation appeared
as aberrantly migrating bands on the electrophoresis gel.

Direct sequencing
The nucleotide sequence of PCR products showing an
abnormal mobility on SSCP was determined by direct
sequencing. The PCR products were purified with 1.5% low
melted point agrose, and then performed using automated DNA

sequencer. Sequence alterations with an allele frequency of at
least 5% were considered as normal variants (polymorphisms)
and not reported.

Statistical analysis
The genetic differences of the typical HNPCC groups and the
suspected HNPCC groups were analyzed for statistical
significance using the chi square test. P<0.05 was considered
statistically significant.

RESULTS
Results of genetic testing
Characterization of the variants of PCR-SSCP and DNA
sequencing analysis found in the 12 families/individuals in
the study is presented in Table 1. A total of  seven abnormal
motilities were identified in PCR-SSCP including five in typical
group and two in atypical group (part of PCR-SSCP analysis
is shown in Figure 1). DNA sequencing found 6/7 (85.7%)
abnormal motilities of PCR-SSCP, which were proven to be
pathogenic germline mutations of hMSH2 and hMLH1. The
other abnormal mobility, an “A” insertion in hMLH1 intron
10 occurred in the C10-1 patient, was proven to be polymorphism.

Figure 1  Results of PCR-SSCP in C13 family (hMSH2-exon11).
Arrow shows the abnormal mobility.

     Totally, five patients were found to harbor MMR gene
mutations in the direct DNA sequencing. Three of six (50%)

Table 1  Characterization of variants in PCR-SSCP and sequence detection

Family Abnormal mobility DNA change Mutation         Group

C4-1 hMLH1 exon18 T insert in 2 081 Frameshift         Typical HNPCC
hMSH2 exon15 C insert in 2 469 Frameshift

 G insert in 2 471 Frameshift
C13-1 hMSH2 exon11 T insert in 1 760 Frameshift

A C missense in 1 688 Tyr563Ser         Typical HNPCC
C11-1 hMSH2 exon13 T to A missense in 2 091 Cys697

Terminator Condon         Typical HNPCC
C1-1 hMLH1 exon11 A insert in 934 Frameshift         Atypical HNPCC
C8-2 hMLH1 exon12 C to G missense in 1 198 Leu400Val

C to G missense in 1 261 Val421Leu
C  insert in 1 364 and 1 372 Frameshift         Atypical HNPCC

C10-1 hMLH1 intron10 — Polymorphism         Typical HNPCC

Figure 2  Results of direct sequencing of exon 11 of hMSH2 in C13 family (A to C substitution in 1 688 and T insertion in 1 706).
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patients with HNPCC and 2/6 (33%) patients with suspected
HNPCC were found to harbor mutations. However, we found
the mutations were complicated as the total number of
mutations was more than five and all the mutations we found
were novel and of unknown pathogenicity (part of sequence
analysis is shown in Figure 2).
     In typical HNPCC, the germline mutation of hMLH1 and
hMSH2 was detected in 3 of 6 HNPCC families. Seven novel
mutations were found in 3 exons of hMSH2 and 1 exon of
hMLH1, two mutations were detected at 11 exons of hMSH2
in C13 family, one was the frame shift mutation resulted from
an insertion of “T” at 1 760 so that a terminate cordon appeared
ahead, the other was “A to C” missense mutation at 1 688
leading to Tyr-Ser substitution. A “T to A” substitution at 2 091
of exon 13 of hMSH2 in C11 family resulted in a terminate
cordon at 697. The mutations in C4 family were worthy of
specific comment, as the mutation occurred in hMLH1 as well
as hMSH2, there was a frame shift mutation resulted from an
insertion of T at 2 081 of exon 18 of hMLH1, there were “C,
G” inserts at 2 469, 2 471 respectively. However, all families
without germline hMSH2 and hMLH1 mutations were
combined with extracolonic tumors.
      In atypical HNPCC, only the germline mutation of hMLH1
was detected in 2 of 6 HNPCC families, one was the frame
shift mutation in exon 11 resulted from an insertion of “A” at
934 in C13 family. In C8 family, the mutation occurred at four
locations, one was “C to G” missense mutation at 1 198 leading
to Leu400Val substitution, one was “C to G” missense mutation
at 1 261 leading to Val421Leu  substitution  and the other two
shift mutations occurred at 1 364 and 1 372 resulted from the
A insertion at the two locations respectively. The detailed
results of sequencing are shown in Table 2.

Table 2  Comparison of two kinds of HNPCC with PCR-SSCP
and sequencing

   Typical HNPCC       Atypical HNPCC             P
             (n=6)        (n=6)

PCR-SSCP            4 (67%)      2 (33%)           0.269

Sequencing            3 (50%)      2 (33%)           0.575

DISCUSSION
To date, HNPCC is defined either by the so-called Amsterdam
I+II criteria or by detection of a mutation in one of the mismatch
repair genes. Once the positive mutation is identified, predictive
testing of family members at risk is available. Screening
recommendations for clinically identified families, mutation
carriers, and their unaffected relatives at risk must be defined
for clinical management[30].
      Recently, Watson et al[31] published their results about that
carrier risk status changes resulted from mutation testing in
hereditary non-polyposis colorectal cancer and hereditary
breast-ovarian cancer. They concluded that mutation testing
could raise the accuracy of carrier risk assessments, and lower
the number of persons at high carrier risk. The most common
risk assessment change resulted from DNA testing was a change
from those at risk to non-carriers. To the extent that these
persons were aware of their carrier risk and were obtaining
heightened cancer surveillance test, this could be expected to
lead to a reduced emotional toll and a reduced pressure on
limited medical resources.
      A better understanding of the molecular basis of hereditary
colorectal cancer syndromes such as hereditary nonpolyposis
colorectal cancer syndrome (HNPCC) and familial adenomatous
polyposis (FAP) would have profound consequences for both
the diagnosis and (prophylactic) treatment of (pre)malignant
neoplastic lesions[32] Clinically, when we see a patient with

colorectal cancer with a family history of suspected HNPCC,
we need to work out our surgical strategies for this patient,
the same as we do for the patients with HNPCC, in whom
colonoscopy surveillance or prophylaxis surgeries such as
subtotal colectomy are needed. One of the evidences of special
surgical treatment has been found to be genetic detection[33,34].
Since HNPCC is resulted from the dysfunction of mismatch
repair genes and some reports indicated that mutation of
hMSH2 and hMLH 1 accounted for 40%-70% HNPCC[35-39],
we decided to detect the germline mutation of hMSH2 and
hMLH1 in this study. In PCR-SSCP analysis of genomic DNA
of 12 probands, we identified seven abnormal mobilities, five
in typical HNPCC and two in suspected HNPCC and six of
them were testified to be mutations by DNA sequencing. When
we compared the genetic investigation of two groups we studied,
we also concluded that there were no statistical differences in
the results of  both PCR-SSCP and direct sequence.
      We also found that the mutations occurred both in typical
HNPCC group and in atypical HNPCC group. Beck et al found
germline HNPCC mutations in six families in which none
fulfilled the Amsterdam criteria. They highlighted that if
germline mutations of the mismatch repair genes were common
in families with features of HNPCC, but not fulfilling the
Amsterdam criteria, then it was very important that all such
families were also referred to cancer clinics for assessment
and possible genetic testing[40]. It was suggested that many
suspected HNPCC patients might not be recognized and might
be excluded from genetic counseling[41,42].
     Upon reviewing the literature and checking the variants
registried in the ICG-HNPCC mutation database (http://
www.nfdht.nl), we found that all the mutations were novel. It
is rarely reported that there exist multiple mutations in the same
exons. However, it seemed to be common in our analysis, two
mutations were found at 11 exons of hMSH2 in C13 family
and C8 family. The mutation occurred at four locations, one
was “C to G” missense mutation at 1 198 leading to Leu400Val
substitution, one was “C to G” missense mutation at 1 261
leading to Val421Leu substitution and the other two shift
mutations occurred at 1 364 and 1 372 resulted from the A
insertion at the two locations, respectively. Furthermore, it is
the first report that the mutation occurred in both hMLH1 and
hMSH2 in C4 family.
     Several techniques for genetic detection of HNPCC have
been developed including MSI, immunohistochemistry, SSCP,
denaturing gradient gel electrophoresis (DGGE) and
sequencing. SSCP was considered inefficient in detecting
mutations[43,44] and was expected to miss approximately 20%
of point and frameshift mutations. Furthermore, it was unable
to detect the whole exon deletions, which occured in some
HNPCC families[45]. We chose SSCP first because it was
relatively simple, quick and cheap, and did not require special
apparatus. In our study, 12 abnormal bands found in SSCP
were proven to represent 11 mutations (91.7%). We found it
was a practical procedure for the genetic screening of HNPCC.
     Given the limitations of current techniques, direct PCR
product sequencing analysis is more efficient for detecting
mutations, but it is laborious, more expensive in term of
reagents and data analysis time and not 100% efficient. It is
much more acceptable clinically to take the screening techniques,
such as SSCP, first and use sequencing to analyze the details of
the mutation. Recently, some studies demonstrated that large
genomic rearrangements accounted for 10%-20% of all hMSH2
mutations, and a lower proportion of all hMLH1 mutations.
Nakagawa[46] used the multiplex ligation-dependent probe
amplification (MLPA) method to screen hMSH2 and hMLH1
deletions in 70 patients whose colorectal or endometrial tumors
were MSI positive, yet no mutation was found by genomic exon-
by-exon sequencing of hMSH2, hMLH1, and hMSH6. They
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identified five candidates with four different hMSH2 deletions
and one candidate with an hMLH1 deletion.
     In summary, our study demonstrates that the Amsterdam
criteria are important but inappropriate for the establishment
of diagnosis, some atypical families not fulfilling all the
Amsterdam criteria probably possess the similar genetic
alterations. We conclude that the mutation detection of patients
is of benefit to the analysis of HNPCC and, PCR-SSCP is as
effective as direct DNA sequence in detecting the mutations
of HNPCC. Furthermore, it seems that there exist more
complicated genetic alterations in Chinese HNPCC patients
than in Western countries.
      However, there are also some cases without any mutation,
further investigations should be carried out such as detection
of other mismatch repair genes as well as detection of gene
methylation of hMLH1.
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Abstract
AIM: To determine the expression of estrogen receptor
(ER)β in Chinese colorectal carcinoma (CRC) patients.

METHODS: ERβ expression in CRC was investigated by
immunohistochemical staining of formalin-fixed, paraffin-
embedded tissue sections from 40 CRCs, 10 colonic adenomas,
and 10 normal colon mucosa biopsies. The percentage of
positive cells was recorded, mRNA expression of ERα and
ERβ in 12 CRC tissues and paired normal colon tissues were
detected by RT-PCR.

RESULTS: Positive ER immunoreactivity was present in part
of normal epithelium of biopsy (2/10), adenomas (3/10),
and the sections of CRC tissue, most of them were nuclear
positive. In CRCs, nuclear ERβ immunoreactivity was detected
in over 10% of the cancer cells in 57.5% of the cases and
was always associated with cytoplasmic immunoreactivity.
There was no statistical significance between ERβ positive
and negative groups in regard to depth of invasion and nodal
metastases. Of the 12 CRC tissues and paired normal colon
tissues, the expression rate of ERα mRNA in CRC tissue and
corresponding normal colon tissue was 25% and 16.6%,
respectively. ERβ mRNA was expressed in 83.3% CRC tissue
and 91.7% paired normal colon tissue, respectively. There
was no significant difference in ERβ mRNA level between
CRC tissues and paired normal colon tissues.

CONCLUSION: A large number of CRCs are positive for
ERβ, which can also be detected in normal colonic epithelia.
There is a different localization of ERβ immunoreactivity
among normal colon mucosae, adenomas and CRCs. ERα
and ERβ mRNA can be detected both in CRC tissue and in
corresponding normal colon tissue. A post-transcriptional
mechanism may account for the decrease of ERβ protein
expression in CRC tissues.

Xie LQ, Yu JP, Luo HS. Expression of estrogen receptor β in human
colorectal cancer. World J Gastroenterol  2004; 10(2): 214-217
http://www.wjgnet.com/1007-9327/10/214.asp

INTRODUCTION
Epidemiological data have shown that the risk of colorectal
cancer is reduced among postmenopausal hormone users,
compared with those who have never used these hormones.
Animal models showed that male rats had a higher risk
developing colon cancer compared with their female
counterparts when exposed to dimethylhydrazine, an
experimental carcinogen. The results indicated that 17β-

oestradiol (E2) treatment could significantly reduce the
frequency of dimethylhydrazine-induced large intestinal tumors
in rats[1-3]. These evidences suggest that estrogen maybe involved
in the growth of colonic tumors. Estrogen receptor locates at
the cellular nuclei of target tissues, estrogen molecules diffuse
into cytoplasm, and bind to estrogen receptors, then modulate
gene expression by interaction with promoter response elements
or other transcription factors. The estrogen receptor discovered
in 1986 is named ERα, and another ER subtype identified in
1997 is called ERβ. ERβ protein contains 485 amino acids, with
a molecular weight of 54.2 Kda. The DNA binding domain
(DBD) contains a two-zinc finger structure which plays an
important role in receptor dimerization and in binding of
receptors to specific DNA sequence. The DBDs of ERα and
ERβ are highly homologous[4]. Up to now, several ERβ isoforms
have been identified such as ERβ1, ERβ2, ERβ3, ERβ4, ERβ5,
etc[5]. However, the physiological significance of these ERβ
isoforms is still unknown. Meanwhile, published data about
the expression of ERα and ERβ in colon cancer tissues were
often controversial[6-20]. Therefore it is reasonable to reevaluate
ER status and hormonal modulation of cell growth in colon
cancer. In this study, immunohistochemistry and reverse
transcription-polymerase chain reaction (RT-PCR) techniques
were used to explore the precise mechanism of hormonal
modulation of colon cancer.

MATERIALS AND METHODS
Patients and tissues
The study was performed in tissue sections of CRC from 40
patients who underwent surgical resection of colorectal cancer
in the Department of Surgery of Renmin Hospital, Wuhan
University from June 1998 to December 2000. The age of the
patients ranged from 38 to 78 years (average age 65 years).
Ten sections of colonic adenoma were studied, and 10 sections
of normal colonic mucosa biopsy were used as control.
Information about depth of invasion and nodal metastases was
obtained from a review of the pathology reports. Fresh tumor
tissues and corresponding normal colon tissue were obtained
from 12 patients who underwent surgical resection of colon
cancer in the Department of Surgery of Affiliated Hospital of
Wujing Medical College and Tianjin First Central Hospital
from June 2001 to December 2002. The patients were
comprised of  8 men and 4 women aged 49-79 years (mean
63.3 years). The tumorous and paired normal tissues were
divided into two parts. One part was fixed in 10% formalin,
embedded in paraffin and stained with hematoxylin-eosin for
pathological diagnosis. The other part was frozen in liquid
nitrogen and stored at -80  until RNA was extracted. ERα
and ERβ mRNA were detected by RT-PCR.

Immunohistochemistry
Rabbit anti-rat or human ERβ polyclonal antibody was
purchased from Santa Cruz, USA. S-P kit and DAB kit were
purchased from Fuzhou Maixin Biotechnology Company.
    Formalin-fixed and paraffin-embedded tissue sections
from 40 CRCs, 10 colonic adenomas, and 10 normal colonic
mucosa biopsies were immunostained by SP technique with
the following procedures. The slides were washed in 0.01 M
phosphate-buffered saline (PBS). Endogenous peroxidase was



blocked by 0.3% H2O2 for 25 minutes, followed by incubation
in normal goat serum for 15 minutes at room temperature. Then
the slides were incubated with a 1:75 dilution of the primary
ERβ polyclonal antibody for 2 hours at room temperature.
After that the slides were washed with a reagent (biotinylated
anti-immunoglobulin) for 20 minutes at room temperature.
After rinsed in PBS, the slides were incubated with the peroxidase-
conjugated streptavindin label for 20 minutes at room temperature,
and incubated with diaminobenzidine and H2O2 for 5 minutes.
Finally the sections were counterstained with hematoxylin.

RT-PCR amplification
Total RNA was isolated with TRIZOL reagent (Life Technologies,
USA), and quantified by spectrometry (λ260 nm). Only those
RNA preparations with 260/280>1.7 were used in this study.
  Reverse transcription was performed using a reverse
transcription system (revertaidTM first strand cDNA synthesis kit,
MBI). RT of RNA was performed in a final volume of 20 µl
containing 5×first strand buffer (containing 1 mM Tris-HCl.
pH8.3, 1.5 mM KCl and 60 µM MgCl2), 25 µM dNTP mixture,
200 pM random primer, 100 units of Moloney murine leukemia
virus reverse transcriptase, 2 µg total RNA. Then DEPC treated
water was added to 20 µl. RT reaction procedure was as follows:
at 70  for 1 min at 37  for 5 min at 42  for 60 min
at 98  for 5 min. ERα, ERβ and β-actin were amplified using
several pairs of appropriate oligonucleo tide primers as follows:
ERα (530 bp): (sense)5’-ATGTGGGAGAGGAT GAGG AG-
3’, (antisense) 5’-AACCGAGATGATGTAGCCAGCAGC-3’.
ERβ (259 bp): (sense) 5’-TAGG GTCCATGGCCAGTTAT-
3’, ( antisense) 5’-GGGAGCCACACT TC ACCAT-3’. β-actin
(control) (540 bp): (sense) 5’-GTGGG GCGCC CCAGG CAC
CA-3’, (antisense) 5’-CTTCC TTAAT GTCAC GCACG
ATTTC-3’ (Figure 1).
      PCR was performed in a final volume of 50 µl containing
4 µl 10×pc buffer, 2.5 U recombinant Taq DNA polymerase
(Taraka, Japan), 0.1 mM MgCl2, 100 µM dNTP mixture, and
50 pM of each primer. PCR was performed for 40 cycles
(denaturation at 94  for 1 min, annealing at 55  for 1 min,
and extention at 72  for 1.5 min). The PCR condition for
inter control β-actin was 35 cycles (denaturation at 94  for
45 seconds, annealing at 60  for 45 seconds, and extention
at 72  for 45 seconds). The PCR products were separated by
electrophoresis on a 2% agarose gel and visualized by ethidium
bromide staining and UV illumination.

Figure 1  mRNA expression of ERα and ERβ in paired repre-
sentative tissues from cancer and adjacent normal mucosa. C:
cancer, N: normal mucosa. RT-PCR result of β-actin was used
to show equal loading.

Statistical analysis
The association between expression of ERα and ERβ, the
significance of ERα and ERβ in groups dichotomized according
to clinical and histopathologic characteristics of the patients
were compared and assessed by Chi-square test and Student’s
t-test. A P value <0.05 was considered significant.

RESULTS
Expression of ERα and ERβ protein
Using immunoperoxidase technique, ERβ immunoreactivity was
detected in or near the nuclei of normal colonic mucosa in the
same sections of carcinoma. ER immunoreactivity was present
in some of normal epithelia (2/10), and adenomas (3/10). Nuclear
immunoreactivity was consistently found in part of normal
colonic mucosa, and in all areas of the crypt epithelium, and
most abundant at the bottom (Figures 2A,2B). One section of
rectal tubular adenocarcinoma showed strong positive nuclear
and cytoplasmic staining of ERβ (Figure 2C). A few stromal
cells, smooth muscle cells and vascular endothelial cells were
also positive (Figure 2D). In CRCs, nuclear ERβ immunoreactivity
was associated with cytoplasmic immunoreactivity. Some
sections showed only cytoplasmic staining of ERβ (Figure 2E),
Positive ERβ was detected in more than 10% of the cancer cells
in 57.5% of the CRC cases (Figure 3).
      Three of the 12 randomly selected cases stained with anti-
ERα antibody showed positive. None of the 10 normal colonic
mucosa biopsies was stained positive with anti-ERα antibody.
There were no statistically significant differences between
positive and negative ERβ groups in regard to the depth of
invasion, and nodal metastases (Tables 1-2).

Table 1  Expression of ERβ and ERα in CRCs, colonic adenomas
and normal colonic mucosa

Group   n       ERα  n     ERβ
positive (%)             positive (%)

Normal colon mucosa  10     0 (0%) 10   2 (20%)
CRCs  12     3 (25%) 40 23 (57.5%)
Colonic adenoma 10   3 (30%)

Table 2  Clinicopathological characteristics of patitents with
CRCs and their association with ERβ expression

Category    n      ERβ   ERβ          P value
negativity      positivity(%)

Age (years)             >0.05
<50      4               2                  2 (50.0)

50    36             15                21 (58.3)
Sex             >0.05

Male    23               9                14 (60.9)
Female    17               8                  9 (52.9)

Lymph node metastasis             >0.05
0    18               7                11 (61.1)

1    22             10                12 (54.5)
Duke’s type             >0.05

A    15               5                10 (66.7)
B    10               3                  7 (70.0)
C      7               3                  4 (57.1)
D      3               1                  2 (66.7)

Histological grading             >0.05
Well -differentiated    15               5                10 (66.7)
Moderately- differentiated  15               7                  8 (53.3)
Poorly- differentiated    10               5                  5 (50.5)

Table 3  Expression of ERα mRNA in CRC tissue and adjacent
normal mucosa tissue

Tissue type  n +      Positive rate (%)

CRCs 12 3 25%
Normal tissue 12 2 16.6%

Table 4  Expression of ERβ mRNA in CRC tissue and adjacent
normal mucosa tissue

Tissue type   n  + Expression   Level of  P
   rate (%) ERβmRNA

CRCs  12 10      83.3%  91.15±3.56       >0.05
Normal tissue  12 11      91.7%  95.38±2.79

N    C    N     C     N    C

ER β

ER α

β−actin

256 bp

530 bp

540 bp
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ERα and ERβ mRNA expression
Table 3 and Table 4 show that the expression of ERα mRNA
in CRC tissue and corresponding normal colon tissue was 25%
and 16.6%, respectively. ERβ mRNA was predominantly
expressed in CRC tissue and paired normal colon tissue, the
positive rate was 83.3% and 91.7%, respectively. There was
no statistically significant difference.

Figure 2  Immunohistochemical staining of ERβ in CRC and nor-
mal colonic mucosa. A: shows the ERβ positive epithelium.×200.
B: shows the ERβ positive crypt cell. ×200. C: shows the nuclear

and cytoplasmic staining in rectal tubular adenocarcinoma.×200.
D: shows the ERβ positive smooth muscle cell and stromal cell.
×400. E shows difuse cytoplasmic staining in CRC. ×400.

Figure 3  Extent of nuclear ER-β immunoreactivity in 40 cases
of CRC.

DISCUSSION
Several epidemiologic studies have shown that colon cancer
might be influenced by steroid hormones[1-3], and estrogen use
might be associated with a low risk of colon cancer[21-27]. Some
experimental results indicated that estrogen had a trophic effect
on colon cancer[1,11-12]. However, the effect of estrogen on colon
cancer is controversial according to some reports. For example,
Qiu et al[28] reported that estradiol could induce apoptosis in
colo205, a colon cancer cell line expressing only ERβ. The
question is whether ER expresses in normal colon mucosa or
CRC. Earlier studies using biochemical ER-binding assay
concluded that there was no ER in human colon. A more recent
study concluded that ER was present in normal human colon
and CRC tissues. Several immunohistochemical studies from
China or Japan have shown that ER was present in normal human
colon and CRC tissues[12-18]. Similarly, our immunohistochemical
study using ER antibodies (clone number 1D5), which are
specific for ERα, showed that ERα was present in normal colon
mucosa and CRC. However, the expression rate of ERα was
about 20-40%, which was lower than that of ERβ.
       In 1997, the second type of ER (ERβ) was cloned, and recent
studies indicated ERβ was distributed in human tissues[5].
Several basic studies have shown that different distribution
and regulatory mechanism of these two types of ER played
different roles[29,30]. ERβ expression in normal colonic epithelium,
especially at the bottom portion of colonic crypts, suggests
that estrogens may play an important role in the growth and
regeneration of normal colonic mucosa. ERβ expression in a
large number of CRCs indicates that estrogens may exert effects
on these cancers, which may have significant implications for
the treatment and prevention of CRC.
      According to some published reports, ERα was also present
in gastric or colon cancer[11-18]. Our results support this
conclusion. However, the positive rate of ERα in CRC was
less than that of ERβ in CRC. Some research results indicated
that ERα and ERβ could interact with the fos/jun transcription
factor complex on AP1 sites to stimulate gene expression.
However, they had opposite effects in the presence of estradiol.
In the presence of ERα, estradiol functioned as an agonist in
the AP1 pathway. In contrast, in the presence of ERβ, tamoxifen
and raloxifene behaved as fully competent agonists in the AP1
pathway, while estradiol acted as an antagonist, inhibiting the
activity of both tamoxifen and raloxifene[29,30]. It is the presence
of two ERs that explains the conflicting experimental results.
We deduced that estradiol might have trophic effects via
combining with ERα. However, estradiol could inhibit tumour
growth by combining with ERβ.
     In this study, we found no significant correlation between
ERβ expression and clinicopathologic features, including
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Duke’s types, lymph node metastasis and differentiation.
Because of the relatively small sample size in this study, a study
using a larger sampled study is necessary to further investigate
the relationship between ERβ expression and clinicopathologic
characteristics and survival of colorectal cancer patients.
     Our RT-PCR results showed that ERα and ERβ mRNA
were both expressed in CRC, semiquantitative RT-PCR
revealed there was no statistical significance in ERβ mRNA
level between CRC tissue and paired normal colon tissue. Our
immunohistochemical results showed that some sections were
only cytoplasmically stained. Foley et al[33] reported that
Western blot analysis revealed very low levels of ERα protein
in tumor and normal colon tissue. However, malignant colon
tissue showed a selective loss of ERβ protein expression when
compared to normal colon tissue in the same patient. A post-
transcriptional mechanism may account for the decrease of
ERβ protein expression in CRC tissue. Another reason is the
different expressions of ERβ isoforms in CRC. There are at
least 5 different ERβ isoforms, which show different amino
acid sequences at the COOH terminus and are differently
expressed in tumor cell lines[31-35]. Campbell-Thompson et al[35]

and Witte et al[36] showed that ERβ was the predominant
ER subtype between human colon and that the decreased levels
of ERβ1 and ERβ2 mRNA were associated with colonic
tumorigenesis in females. Their data suggest that there is a
change in the relative expression of ERβ isoforms. Therefore,
It is possible that the cytoplasmic immunoreactivity in CRC
tissue is caused by one of the overexpressed ERβ subtypes.
Further study should determine not only whether there are
different ERβ isoform expressions between normal colon and
CRC, but also whether different isoforms are associated with
different responses to estrogens and antiestrogens.
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Abstract
AIM: To investigate the effect of ethylene diamine tetraacetic
acid (EDTA) on proliferation of rat colonic cells.

METHODS: EDTA was administered into Wistar rats,
carcinogenesis induced by 1,2-dimethylhydrazine (DMH) in
rats was studied with immunohistochemistry.

RESULTS: Marked regional differences in cell proliferation
were found in all groups. In EDTA-treated animals, total
labelling indexes in both proximal (10.00±0.44 vs 7.20±0.45)
and distal (11.05±0.45 vs 8.65±0.34) colon and proliferative
zone size (21.67±1.13 vs 16.75±1.45, 27.73±1.46 vs
21.74±1.07) were significantly higher than that in normal
controls (P<0.05) and lower than that in DMH group
(10.00±0.44 vs 11.54±0.45, 11.05±0.45 vs 13.13±0.46,
21.67±1.13 vs 35.52±1.58, 27.73±1.46 vs 39.61±1.32,
P<0.05). Cumulative frequency distributions showed a shift
of the EDTA distal curve to the right (P<0.05) while the
EDTA proximal curve did not change compared to normal
controls. Despite the changes of proliferative parameters,
tumours did not develop in EDTA treated animals.

CONCLUSION: Hyperproliferation appears to be more easily
induced by EDTA in distal colon than in proximal colon.
Hyperproliferation may need to exceed a threshold to develop
colonic tumours. EDTA may work as a co-factor in colonic
tumorigenesis.

Ma QY, Williamson KE, Rowlands BJ. Ethylene diamine tetraacetic
acid induced colonic crypt cell hyperproliferation in rats. World J
Gastroenterol  2004; 10(2): 218-222
http://www.wjgnet.com/1007-9327/10/218.asp

INTRODUCTION
Colonic epithelial hyperproliferation has been considered as a
high risk factor in both human and animal colonic cancer
models[1-19]. Evidence from animal studies has shown that
experimental colonic tumours induced by procarcinogen 1, 2-
dimethylhydrazine (DMH) are of epithelial origin with a
similar histology, morphology and anatomy to human colonic

neoplasms[2,3,20,21]. Furthermore, prior to the development of
colonic cancer, injections of DMH could result in increased
colonic crypt cellularity, colonic crypt cell proliferation and
colonic crypt proliferative zone[22,23]. This procarcinogen thus
provides an adequate model for kinetic and therapeutic studies
of the colorectal cancer.
     It is important to compare cell proliferation in the distal
and proximal colon. As in normal rats, the location of stem
cells and the direction of colonocyte migration differ in these
two regions[24]. In addition, differences in the incidence,
morphology and clinical behaviour of colonic carcinoma in
the proximal and distal colon have been reported[25,26].
     EDTA is widely used as a vehicle solution in chemical-
induced colorectal carcinogenesis. However, little is known
about the nature of its effect on cell proliferation. In vitro,
EDTA could inhibit cell proliferation[27-29] and DNA synthesis[30].
Inhibition on cell growth is not associated with EDTA’s chelational
stability[28]. In vivo, EDTA has been shown to stimulate cell
proliferation in a neural crest tumour model[31]. In the present
study BrdUrd in vivo cell labelling was employed to determine
crypt cell proliferation patterns in proximal and distal rat colons
from normal, EDTA and DMH-induced colon cancer animals.

MATERIALS AND METHODS
Animals and treatment
Forty eight male Wistar rats (weighing 180-220 g) were
divided equally into DMH group and EDTA group. Three
animals were housed in each cage in a containment isolator
with negative pressure to protect experimenters against the
effects of the carcinogen. A specific colonic procarcinogen 1,
2-dimethylhydrazine (DMH, Aldric, Poole, Dorset) at a
dosage of 20 mg/kg body weight was administered
subcutaneously to the animals weekly for 20 weeks. DMH
was dissolved in 1 mM EDTA (BDH Ltd, Poole, Dorset),
and adjusted to pH 6.5 with 10% sodium hydroxide (BDH
Ltd, Poole, Dorset) immediately before injection. Animals
in EDTA group were given weekly subcutaneous injection
of EDTA for 20 weeks, and sacrificed 2 weeks after the last
injection. In addition, six normal rats were used as controls
for BrdUrd immunohistochemistry.

In vivo BrdUrd labelling and tissue sampling
Eighteen rats (6 per group) from normal controls, EDTA-
treated group and DMH-treated group were used for a crypt
cell proliferation study. Fifteen minutes before removal of the
colon, the anaesthetised animals had a peritoneal injection
with 50 mg/kg body weight of 2% BrdUrd (Sigma B-5002)
between 9 and 11 a.m. to avoid diurnal variation. The colon
was removed and rinsed with tap water. Following excision of
the caecum and rectum, the remaining colon was divided into
proximal and distal halves. A 1-2 cm segment of each end of
the proximal and distal colon was discarded. After fixation in
70% ethanol for 4 hours the segments were rolled prior to
processing and embedding in paraffin wax.

BrdUrd immunohistochemistry
Several 3 µm thick sections were cut and placed on poly-L-



lysine coated slides. The slides were dewaxed before DNA
was denatured in 1M HCl at 37  for 12 minutes. After rinsed
in phosphate buffered saline (PBS, pH 7.1) the sections were
incubated with 30 µl of mouse anti-BrdUrd monoclonal
antibody (M 744 Dako, Bucks, England) diluted 1:50 in PBS
with 0.05% Tween 20 (PBST) with added normal rat serum
diluted 1:25 for 60 minutes at room temperature. After a further
rinsing in PBS the sections were incubated with biotinylated
rabbit anti-mouse F(ab’)2 antibody (E 413 Dako, Bucks,
England) at a dilution of 1:200 in PBST with added rat serum
for 30 minutes at room temperature. The slides were again
rinsed in PBS and then incubated with streptavidin-biotin
peroxidase complex (K 377 Dako, Bucks, England) for 30
minutes at room temperature. Finally the reaction product was
visualised using diaminobenzidine hydrochloride (DAB)
(Sigma, Dorset, England) primed with 100 µl of 30% H2O2

(diluted 1:20 with distilled water) for approximately 5 minutes.
After DAB was washed off with distilled water the sections
were lightly counterstained in Harris haematoxylin before
dehydration and mounting in DPX.

Counting and scoring criteria
Only complete well-orientated longitudinally sectioned crypts
which extended from the luminal surface into the muscularis
mucosae and contained at least 30 cells per hemicrypt were
used for analysis. To facilitate scoring each crypt was divided
at the base into 2 crypt columns (hemicrypts). Starting at the
base of the hemicrypt, cells were numbered up to the luminal
surface of the colon to determine the number of cells per
hemicrypt. Crypts were then divided into 5 compartments
each containing the same number of cells. The number and
the position of BrdUrd-labelled cells in the hemicrypt were
recorded. The proliferative zone, which was expressed as a
percentage, was obtained by calculating the difference between
the highest and lowest labelled cells in each hemicrypt and
dividing this figure by the total number of cells in the
hemicrypt. Labelling index (LI) was determined for the whole
hemicrypt, for each compartment and for the proliferative zone
as follows, equation=(the number of labelled cells/the number
of total cells)×100. Each hemicrypt was then normalised to a
notional 100 cell positions. The frequency of BrdUrd positive
cells in each of the 100 normalised positions was recorded.

Statistical analysis
Mean and standard error of the mean were calculated where
appropriate. Since the sample size for crypt cell proliferation
was more than 100 except in one group (normal proximal colon
group in which the sample size was 78) and all groups appeared
to have normal distribution, a two sided Student’s t test was
used to identify the differences between individual variables.
Kolmogorov-Smirnov 2 sample test[16] was used to compare
the BrdUrd cumulative labelling frequency curves with
reference to the presence of EDTA or DMH treatment and the
site of origin of the sample from the colon. Results were
considered as significant when P<0.05. Statistics were analysed
running the SPSS package for Windows.

RESULTS

Characterisation of tumours
All animals survived to the time when they were sacrificed. In
the EDTA control animals no macroscopical changes were
observed in the mucosa of large intestine after 20 weeks of
treatment. However, in the DMH group a total of 66 tumours
were found in 23 animals (96%) and 1 rat was tumour free.
Most of the tumours (73%) were located in the distal colon.
Microscopically, the tumours were either adenoma or

adenocarcinoma. Most rats had one or more types of lesions,
indicating that the response to DMH was heterogeneous. The
number and distribution of both adenoma and adenocarcinoma
are summarised in Table 1.

Table 1  Characterisation of colorectal tumours

Location        Adenoma       Carcinoma               Total (%)

Caecum   0   1   1 (1.5)
Proximal   2   6   8 (12.1)
Flexure   4   4   8 (12.1)
Distal 12 36 48 (72.7)
Rectum   0   1   1 (1.5)
Total 18 48 66

Differences between proximal and distal colon
The number of cells per hemicrypt in the proximal colon was
significantly higher than that in the distal colon in all respective
groups (P<0.05, Table 2). Although the number of labelled
cells per hemicrypt was similar in the proximal and distal colon
in all groups, the total LI was significantly higher in distal
colon compared to proximal colon both in normal control group
(P<0.05) and in DMH treated animals (P<0.05). In EDTA
treated group, the total LI in the distal colon was higher than
that in the proximal colon with no statistical significance
(P=0.11). The size of the proliferative zone was higher in distal
colon than that in proximal colon in all groups (P<0.05) while
the LI in proliferative zone did not significantly change. In the
normal controls, BrdUrd labelled cells in the proximal colon
were located predominantly in compartments 2 and 3 (88.4%),
whereas the labelled cells in the distal colon were mostly in
compartments 1 and 2 (85.3%). In compartment 1, the LI was
significantly higher in the distal colon than in the proximal
colon (P<0.05), while in compartment 3 the LI was significantly
lower in the distal colon than in the proximal colon (P<0.05).
None of the labelled cells appeared in compartment 5. When
the cumulative labelling distribution curves of the proximal
and distal colon of normal rats were compared, the distal colon
showed a significant shift to the left (P<0.05, Figure 1).

Figure 1  Different patterns of cumulative labelling distribu-
tions in proximal and distal rat colons of normal controls. The
curve was significantly shifted to the right when the proximal
colon was compared to the distal colon.

Effect of EDTA
In EDTA-treated animals, the number of cells per hemicrypt,
labelled cells per hemicrypt and total LI were all significantly
increased in both the proximal and distal colons when
compared to normal controls. In addition, the size of
proliferative zone in EDTA treated animals was significantly
higher in both proximal and distal colons than  in normal
controls. However, the LI in proliferative zone was not
changed. In the proximal colon,  the increase in LI was limited
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to compartment 3 while in the distal colon the increase in LI
was extended from compartment 2 to compartment 4. When
compared to the normal controls cumulative frequency
distributions of the EDTA distal curve shifted to the right
(P<0.05, Figure 2) but the EDTA proximal curve did not
change (P>0.05, Figure 3).

Figure 2  Cumulative labelling distribution in normal, EDTA
and DMH treated distal rat colons, respectively. The curve was
significantly shifted to the right in EDTA distal colon compared
to normal distal colons. The curve was further shifted to the
right in DMH distal colon compared to either normal or EDTA
distal colon.

Figure 3  Cumulative labelling distribution in normal, EDTA
and DMH treated proximal rat colons. The curve of EDTA

treated proximal rat colon did not change compared to the
normal proximal curve. Whereas the curve of DMH treated
proximal rat colon was initially significantly shifted to the left
and then at higher centiles shifted to the right.

Effect of DMH treatment
DMH treatment significantly increased the number of cells
per hemicrypt in both proximal and distal colons in comparison
with either normal controls or EDTA treated animals. The
number of labelled cells per hemicrypt and total LI were also
significantly increased following DMH injections in both
proximal and distal colons. Additionally, DMH increased the
size of the proliferative zone in both proximal and distal colonic
crypts. However, the LI of proliferative zone was reduced
because of the increased denominator (Table 2). In the proximal
colon the increase in LI was in compartments 1, 3 and 4,
whereas in the distal colon the increase in LI in DMH rats was
most marked in compartments 2, 3 and 4. The extent of LI in
compartment 3 in the distal colon was significantly greater
than that in the proximal colon (P<0.05). Further analysis of
the cumulative labelling distributions showed a shift of the
DMH distal curve to the 81st centile which was to the right of
the plateau of the normal distal colon located at the 61st centile
(P<0.05) and EDTA distal colon located at the 67th centile
(P<0.05, Figure 2). In contrast, the cumulative labelling
distribution curve in DMH proximal colon demonstrated a shift
to the left in the lower crypt cell positions and then shifted to
the right high up the crypt compared with normal (P<0.05)
and EDTA (P<0.05) proximal cumulative frequency curves
(Figure 3).

DISCUSSION
This study supported the findings that adenoma and
adenocarcinoma of intestine could be obtained, using DMH
or its metabolites in Wistar rats[20,32,33]. Another advantage of
DMH and its metabolites is the specificity for the large bowel.
The incidences of cancer at small intestine  and extra-intestine
were very low[34]. In our study the vast majority of colon
tumours occurred distally and were mainly polypoid neoplasms
or adenocarcinomas. The types of the proximal colon tumours
were reported to be variable histopathologically, dominated

Table 2  Features of proliferative colonic crypt cells in 6 groups

Group      LC   CPC TLI          LI 1         LI 2       LI 3    LI 4             P Zone LIPZ

NP(76) 2.49±0.16        34.45±0.39        7.20±0.45        3.11±0.11        18.78±1.64        13.21±1.50        0.90±0.39        16.75±1.45         59.43±3.39

ND(198) 2.74±0.11        31.45±0.2          8.65±0.34      17.33±1.06        19.54±1.21          6.38±0.76           0.00              21.74±1.07         55.13±2.17

EP(134) 3.71±0.16        37.68±0.27      10.00±0.44        3.36±0.62        19.46±1.41        24.45±1.55        1.67±0.43        21.67±1.13         55.87±2.22

ED(130) 3.58±0.15        32.55±0.21      11.05±0.47      14.76±1.33        23.74±1.66        15.49±1.29          0.9±0.31        27.73±1.46         51.68±2.43

DP(138)   5.7±0.24        49.09±0.65      11.54±0.45      12.87±1.11        21.72±1.41        19.72±1.21        3.47±0.62        35.52±1.58         39.84±1.77

DD(182) 5.67±0.23        42.68±0.53      13.13±0.46      18.23±1.08        24.86±1.31        18.83±1.19        3.43±0.6          39.61±1.32         38.89±1.50

P Values

ND:NP     0.21  0.000             0.019          0.000        0.731       0.000   0.000 0.011 0.3

ED:EP     0.571  0.000             0.107          0.000        0.05       0.000   0.151 0.001 0.203

DD:DP     0.94  0.000             0.017          0.003        0.107       0.604   0.966 0.047 0.682

ND:ED     0.000  0.000             0.000          0.131        0.037       0.000   0.000 0.001 0.3

ND:DD     0.000  0.000             0.000          0.556        0.003       0.000   0.000 0.000 0.000

ED:DD     0.000  0.000             0.002          0.043        0.593       0.062   0.001 0.000 0.000

NP:EP     0.000  0.000             0.000          0.798        0.765       0.000   0.237 0.009 0.365

NP:DP     0.000  0.000             0.000          0.000        0.195       0.001   0.004 0.000 0.000

EP:DP     0.000  0.000             0.016          0.000        0.259       0.017   0.019 0.000 0.000

Values represented as x±Sx, NP(76): Normal proximal, 76 hemi-crypts were counted, ND: Normal distal, EP: EDTA proximal, ED-
EDTA distal, DP: DMH proximal, DD: DMH distal, LC: Labelled cells per hemi-crypt, CPC: Cells per hemi-crypt, TLI: Total labelling
index, LI1: Labelling index of compartment 1, Pzone: Proliferative zone size, LIPZ: Labelling index of proliferative zone Size.
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with the mucinous type of adenocarcinoma[35]. The different
responses of bowel segments to DMH, and the reasons for the
predilection of colonic neoplasia to distal colon as well as the
differences in morphological type of tumours between the
proximal and distal colon are not fully understood. However
it is known that the structure and function of intestinal mucosa
differed significantly between humans[36] and experimental
animals[37-39]. An understanding of these inherent regional
differences may be pivotal in study of the mechanisms of
colonic tumorigenesis.
    Significant regional differences in the distribution of
BrdUrd-labelled cells in proximal and distal rat colon were
demonstrated in this study. The differences in distribution of
proliferative cells between proximal and distal colons were
previously shown with 3H-thymidine autoradiography and
immunohistochemistry. 3H-thymidine LI and proliferative zone
size were reported to be significantly greater distally than
proximally[40]. In the distal colon PCNA expression was strictly
confined to the lower third of the crypt, whereas in the proximal
colon it was located in the mid-crypt[23].
     Sunter noted that the peak LI in the proximal colon was
located in the middle third of the crypt while the peak of LI in
the distal colon was located in the lower third near the base of
the crypt[41]. These findings, together with ours, tended to
support the theory of crypt cell origin and colonocyte migration
given by Sato and Ahnen[24]. After a double labelling with 3H-
thymidine and BrdUrd, Sato and Ahnen investigated the
location of stem cells and the direction of colonocyte migration
in normal rat colonic crypt, and reported that distal stem cells
were located in the crypt base while proximal stem cells in the
mid-crypt, thus postulating that colonocytes migrated up
toward the luminal surface in the distal colon in contrast to the
bidirectional migration, i.e. up toward the luminal surface and
down toward the crypt base in the proximal colon.
      Our results showed that after EDTA treatment, the number
of proliferative colonic crypt cells was significantly increased
in the distal and proximal colon. The LI in the proliferative
zone in the EDTA animals did not increase which could be
attributable to the concomitant increase of the zone size. In
the EDTA treated animals, LIs in all compartments in the distal
colon increased except the LI in compartment 1, a significant
increase of LI in the proximal colon was found in compartment
3 only. This was corroborated by the cumulative labelling
distribution curves. In comparison with normal control, the distal
curve shifted toward to the right, but the proximal curve did not
change. The fact that the proximal curve did not shift might be
important. If hyperproliferation preceded tumour formation and
was a cause of tumor formation, then these findings indicated
that the distal colon was more susceptible. EDTA did not induce
colorectal tumours after administration for 20 weeks, but
prolonged EDTA treatment might induce tumours. Another
hypothesis is that hyperproliferation in EDTA animals is a co-
factor in DMH-induced colonic tumour formation.
    DMH treatment further increased colonic crypt cell
proliferation. Although DMH treatment increased the LI in
both the proximal and distal colon, the cumulative labelling
distribution was markedly shifted to the right in the distal colon
whereas the proximal curve shifted to the left (i.e. downwards
in the crypt). The distribution of DMH-induced colorectal
cancer resembled human colorectal carcinoma[42-44]. We found
that when the total colon was exposed to the procarcinogen
DMH, 73% of tumours occurred distally and only 12% proximally.
    Further investigation is required to understand the
differences of tumour distribution, and their relationship to
the proliferation of different crypt cells and differentiation
patterns in the proximal and distal colon. It has been shown
that in the proximal colon, mucous cells were predominant in
the lower third of the crypt, whereas columnar cells in the

upper third[45]. In contrast, crypts of the distal colon contained
only a small number of mucous cells in basal positions. The
undifferentiated cells or the cells with the lowest level of
differentiation (presumptive stem cells) were the vacuolated
cells located near or at the base of crypt[46]. The progeny of the
vacuolated cells migrated upward to differentiate into columnar
cells and downward to differentiate into mucous cells[47].
     In this study we observed a great number of cells in the
crypt in the proximal colon than in the distal colon, which was
in contrary to published data[39,40]. This disparity might be due
to different criteria for recoding the overlapping nuclei,
selecting crypts or ascertaining the top of the crypt. In this
study longitudinally well-oriented crypts were selected and
all visible nuclei were counted.
     EDTA increased crypt cell proliferation but all of the
increased parameters were significantly lower than those in
the DMH group. The number of crypt cells in hyperproliferation
induced by a carcinogen might reach or exceed a limited value
(threshold) before colonic tumours developed. While proliferative
crypt cells that did not exceed this threshold as in the EDTA
animals, might act as a promoting agent to stimulate tumour
growth. In conclusion, EDTA’s effect of increasing crypt cell
proliferation may be a co-factor in this model.
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Abstract
AIM: To deduce strategic guideline of gastric mucosa
associated lymphoid tissue lymphoma (MALTOMA) by
evaluating the long-term outcome of patients in respect to
various treatment modalities.

METHODS: A total of 55 patients with MALTOMA from May
1992 to August 2002 were retrospectively reviewed.

RESULTS: Complete remission was obtained in 24 (82.8%)
of 29 patients treated with anti Helicobacter pylori (H
pylori) regimen only. The duration to reach complete
remission was 12 months (85 percentile, 2-33 months).
Five patients showed complete remission with radiation
therapy (26-86 months). Two of them were H pylori
treatment failure cases.

CONCLUSION: H pylori eradication is an effective primary
treatment option for low grade MALTOMA and radiation
therapy could be considered in patients with no evidence of
H pylori infection or who do not respond to H pylori eradication
therapy 12 months after successful eradication.

Lee SK, Lee YC, Chung JB, Chon CY, Moon YM, Kang JK, Park
IS, Suh CO, Yang WI. Low grade gastric MALTOMA: Treatment
strategies based on 10 year follow-up. World J Gastroenterol
2004; 10(2): 223-226
http://www.wjgnet.com/1007-9327/10/223.asp

INTRODUCTION
In 1983, Isaacson and Wright introduced the term MALTOMA
to characterize primary low grade gastric B-cell lymphoma
and immunoproliferative small-intestinal disease[1]. Subsequently,
the definition of MALTOMA was extended to include several
other extranodal low grade B-cell lymphomas, with a similar
histology to payer’s patches, including those of the salivary
gland, lung, and thyroid, but gastric form is the most common
and best characterized MALTOMA[2].

     Low grade MALTOMA is composed of small cells with
dense nuclear chromatin and a low proliferation fraction; the
converse is true for diffuse large B cell lymphoma. Low grade
gastric MALTOMA is a neoplasia with a very indolent course
and an excellent prognosis. It has a tendency to remain
localized to the gastric wall and seldom involve lymph nodes
and bone marrow.
    In the past, primary low grade gastric MALTOMA was
treated with surgery in the same way as adenocarcinoma. This
often necessitated a total gastrectomy due to the multi-focal or
diffuse nature of gastric lymphomas. Since the introduction of
H pylori concept, the association of this bacterium with
chronic active gastritis, peptic ulcer and gastric cancer has been
demonstrated[3-5]. Furthermore, H pylori is suggested to be
associated with low-grade gastric MALTOMA. It was proposed
that low grade gastric MALTOMA was formed by the immune
response to H pylori infection in the gastric mucosa[6,7]. The
discovery of a causal role for H pylori in the development of
gastric marginal zone lymphoma of the MALT type has
dramatically altered the therapeutic approach to patients with
early stage disease[8,9]. According to recent data, durable complete
remissions might be achieved in up to 80% of patients with
early stage MALTOMA following eradication of the bacteria[9].
In the patients who failed to respond to H pylori eradication or
had low grade gastric MALTOMA without H pylori infection,
radiotherapy, chemotherapy or surgery has been tried.
    However, the long-term follow-up result of H pylori
eradication on low grade MALT lymphoma has been seldom
reported. Furthermore, a clear-cut time is difficult to define
the failure to H pylori eradication therapy and currently there
has been no standard guideline to assess the result of eradication
therapy. Also the time interval to perform endoscopic
examination to evaluate histologic and morphologic remission
is unclear. Consequently, a suitable strategic guideline to decide
subsequent treatment option when one fails has not been well
proposed. We aimed to evaluate the long-term outcome of
patients with low grade gastric MALTOMA in respect to
various treatment modalities. We also tried to deduce suitable
strategic guideline to treat low grade gastric MALTOMA.

MATERIALS AND METHODS
Patients
We retrospectively studied 55 patients of primary low grade
gastric MALTOMA aged 23 to 74 years from May 1992 to
August 2002. All the patients were pathologically confirmed
as low grade gastric MALTOMA. The diagnosis of low grade
gastric MALTOMA was made according to the criteria of
Isaacson[10] and scoring system of Wotherspoon et al[11]. The
initial staging procedures included a complete physical
examination, chest roentgenogram, bone marrow examination,
abdominal CT scan and endoscopic ultrasonography (EUS).

Methods
We evaluated the patients’ initial presenting symptoms and
the status of H pylori infection. H pylori infection was
diagnosed by rapid urease test (CLOTM, Delta West, Bentley,
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Western Austria), and/or histologic examination. H pylori status
was considered positive if any of the two tests was positive.
Endoscopic findings included the shape, size, location and
number of lesions. Gross phenotype was classified according
to the endoscopic features into seven types: 1) gastritis: only
mucosal color change, 2) granular: small nodules on the lesion,
3) ulcerative: one or more ulceration, 4) ulceroinfiltrative: one
or more ulceration with surrounding mucosal infiltration, 5)
depressed: depressed or EGC IIc like lesion, 6) protruding:
elevated or polypoid, and 7) mixed, and then was categorized
into diffuse and localized type according to the pattern of
distribution.

RESULTS

Clinical and endoscopic features of patients
The male to female ratio was 1:1.3. The mean age of the
patients was 47.8 years (23-74). All but three of the patients
were symptomatic at presentation: The main symptoms were
abdominal pain (56.4%), indigestion (23.6%), epigastric
discomfort (12.7%) and vomiting (1%). A total of 48 (48/53,
90.5%) met the case definition for H pylori positivity (Table
1). When each test was considered individually, H pylori
infection was detected by histology and rapid urease test in 42
(87.5%) and 39 (81.3%) patients, respectively. Initial endoscopic
findings are summarized in Table 2.

Table 1  Clinical features of patients and H pylori state (n=55)

Age (years)         47.8±11.3 ( 23-74 )
Sex         Male:Female=24:31
H pylori statusa         Positive 48 (90.5%)

        Negative   5 (9.5%)

aExcluding two cases of unknown H pylori status.

Table 2  Endoscopic findings and location of low grade
MALTOMA (n=55)

Location   No. of cases (%)      Findings           No. of cases (%)

Body only        21 (38.2)         Ulcerative   15 (27.3)
Antrum only        11 (20.0)         Mixed   15 (27.3)
Antrum & body       20 (36.4)         Ulceroinfiltrative   10 (18.2)
Fundus/Cardia         3 (5.4)         Depressed      6 (10.9)

        Gastritis      5 (9.1)
        Protruding      3 (5.5)
        Granular      1 (1.8)

Treatment modalities and outcomes
Treatment modalities included H pylori eradication, surgery,
radiotherapy and combination therapy (Table 3). A total of
twenty nine patients were treated with H pylori eradication
therapy (omeprazole + amoxicillin + metronidazole or
clarithromycin for 2 weeks). All but one was positive in urease
test or histologic examination for H pylori. Endoscopic
ultrasonography was done before H pylori eradication and cases
with lymph node metastasis or involvement beyond the
submucosal layer were excluded. For determination of the
response, two months after the end of eradication therapy,
biopsy specimens were collected from the multiple sites
including the lesion for histologic examination. One additional
specimen was obtained for rapid urease test. For the remission
failure case, a repeat endoscopy was performed every two to
three months until complete remission was achieved. In cases
with complete remission, endoscopic examination and biopsy
were performed every 6-12 months. Overall H pylori
eradication rate was 96.4% (27/28). Complete remission of

low grade MALTOMA was achieved in 24 out of 29 cases
(82.8%). The median time to get complete remission was 4
months (2-33) (Table 3). In terms of histologic remission of
the low grade gastric MALTOMA, the mucosal lesions
changed to atrophic or endoscopically normal appearance
(Figure 1). There were five treatment failures to H pylori
eradication therapy. Radiation treatment was given in two
patients who failed to respond to anti H pylori treatment after
6 months and 9 months of follow-up, respectively. One
underwent operation. They all had complete remission in the
subsequent follow-up. The remaining two patients were
recommended to receive other treatment with persistence of
localized MALTOMA.

Figure 1  A: A case with irregular ulceration on the anterior
wall of antrum before eradication. B: 3 months after H pylori
eradication therapy, ulceration was disappeared. C: A case
with mucosal nodularities on the posterior wall of the upper
body before eradication. D: 2 months after H pylori eradica-
tion therapy, the lesion was replaced by atrophic mucosa.

A

B
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     Sixteen patients underwent surgery, including 11 total
gastrectomies and 5 subtotal gastrectomies (Table 3). Most of
them were treated by surgery because they were suspected to
have lymph node metastasis or infiltration beyond the
submucosal layer in endoscopic ultrasonographic examination.
Among the sixteen patients, 4 patients showed lymph node
metastasis. Three patients received additional radiation therapy
or chemotherapy after surgery because of lymph node metastasis
or perigastic fat infiltration of low grade gastric MALTOMA.
    Five patients received radiation therapy. These cases
included two patients with H pylori negativity, two patients
with failure to H pylori eradication, and one case with
recurrence in remnant stomach after surgery (Table 3). The
median radiation dose was 30.6 Gy (range 30-39) with a daily
fraction of 1.5-1.8 Gy.
     The comparative study among different endoscopic types
of low grade MALT lymphoma patients who showed failure
to eradication treatment disclosed no significant correlation.
However, the lesion of localized mass type showed the
tendency to higher treatment failure (Table 4).

Table 3  Initial treatments and outcomes of low grade MALTOMA

         H pylori eradication      Surgery      Radiotherapy
        (n=29)          (n=16)              (n=5)

Complete     24 (82.8%)       16 (100%)     5 (100%)
remission (%)
Failure (%)       5 (17.2%)          0      0
Recurrence (%)       1 (4.2%)          1      0
Median follow-     24 (2-74)    46.5 (12-120)  35.5 (26-86)
up (months)
Time to get CR in 85     12 (2-33)
percentile of patients
(interval) (months)

CR: Complete remission.

Table 4  Failures of H pylori eradication treatment according to
endoscopic findings

Endoscopic types Treatment cases Failure cases (%a)

Diffuse 13        1 (17.7)b

Gastritis   2        0 (0)
Granular   1        0 (0)
Mixed 10        1 (10.0)
Localized 16        4 (25.0)a

Ulcerative   8        2 (25.0)
Ulceroinfiltrative   3        1 (33.3)
Depressed   4        0 (0)
Protruding   1        1 (100.0)
Total 29        5 (17.2)

aFailure rate of each endoscopic type, bP>0.05 by χ2 test.

DISCUSSION
The relationship between H pylori and low grade gastric
MALTOMA is strong, and therefore treatment strategies are
aimed at H pylori eradication in early stages. Recently, durable
complete remissions have been supposed to achieve in up to
80% of patients with early stage MALTOMA following
eradication of the bacteria[9]. In the largest MALTOMA study
to date, 120 patients with early stage low grade gastric
MALTOMA were treated with H pylori eradication therapy
and followed[12]. After mean follow-up period of 48 months,
81% of patients were in complete remission. Relapse after
complete remission occurred in less than 10% of cases, and
whether this was always caused by H pylori reinfection has
been unknown[13-24]. Follow-up is essential in patients with

MALTOMA treated with H pylori eradication therapy.
Endoscopic follow-up with biopsy for histology and H pylori,
and EUS at least yearly after remission was recommended[12,25].
Because some residual cells lay dormant after clinical and
histological remission was achieved, some investigators
insisted that molecular studies should be included in addition
to histologic study[20]. At present, histologic study is considered
as the gold standard.
     Because eradication therapy is never 100% successful, it is
also important to choose the most suitable additional treatment
for treatment failure. MALTOMA that were not H pylori
positive or did not respond to eradication therapy could be
treated with surgery, radiation, or chemotherapy. Radical
gastrectomy has 5- and 10-yr survival rates of 90% and 70%,
but lead to significant morbidity[26]. Monotherapy with alkylating
agents was tried in MALTOMA patients who did not respond
to H pylori eradication therapy. In this study, remission could
be achieved with chlorambucil in only 58% of the nonresponding
patients to H pylori eradication therapy[25].
     Our results showed 82.8 % of remission induction in low
grade gastric MALTOMA by H pylori eradication alone with
a single relapse. About 50% of patients with low grade gastric
MALTOMA showed complete remission by 4 months after
H pylori eradication. However, delayed response by up to 33
months occurred in one case. Overall, complete remission was
achieved within 12 months in 85 percentile. We propose that
it is necessary to wait for 12 months after initial eradication
therapy of H pylori to define the time for H pylori eradication
failure, because relapse is relatively rare after 12 months and
nearby all the cases would have complete remission by 12
months. In addition, other treatment modalities could be used
12 months after initial H pylori eradication therapy, such as
radiation therapy, surgery or chemotherapy.
     A recent series from the memorial Sloan-Kettering Cancer
Center and Yonsei Cancer Center reported a 100% complete
remission rate with radiation alone. Especially, radiation
therapy was chosen in the management of low grade gastric
MALTOMA in patients with no evidence of H pylori infection
or who showed no response to H pylori eradication therapy[27,28].
In our study, complete remission was obtained in all the patients
after various treatment modalities. All the patients who received
radiotherapy tolerated the treatment well and completed the
treatment course without significant acute or delayed toxicities.
Radiation therapy was superior to surgery or chemotherapy
because it had significant advantages of gastric preservation
and lower morbidity.
      Our results provide further supports to the recommendation
by Issacson and Spencer that eradication of H pylori is harmless
and inexpensive and should be the first-line treatment for
localized low grade gastric MALTOMA. If no response is
observed by 12 months after eradication therapy, radiotherapy
should be considered.
     Several investigators evaluated endoscopic appearance of
primary gastric lymphoma[29,30]. In low grade gymphoma,
endoscopic findings were often interpreted as a benign
condition, in contrast to high grade lymphoma, for which
carcinoma was the most frequently suspected diagnosis. Our
results were consistent with previous reports that low grade
gastric MALTOMA was found at a relatively high frequency
(94.6%) in the middle third of the stomach[31]. The most
frequent endoscopic appearance of gastric lymphoma was
ulceration, while the finding of polypoid lesions or other forms
(as gastritis or erosions) had a lower frequency[32]. Also in this
study, the majority of the endoscopic features of low grade
gastric MALTOMA was superficial, such as shallow ulceration
or mixed type, and was multiple rather than single. But these
cases also exhibited variegated pictures. In terms of the result
of H pylori eradication therapy, we did not see any correlation

Lee SK et al. Low grade gastric MALTOMA 225



with the endoscopic findings. It might be due to the small
number of cases of H pylori eradication failure and complexity
of endoscopic findings of low grade MALTOMA. However,
the lesion of localized mass type showed the tendency to higher
treatment failure (Table 4). Nevertheless, if we consider the
fact that high grade lymphoma is often accompanied with deep
ulceration or protruding mass in the stomach, our results might
be valuable on the presumption that mixed type MALTOMA
might exist which was responsible for the treatment failure.
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Abstract
AIM: To investigate the effect of Helicobacter pylori (H pylori)
infection on the expressions of Bcl-2 family members in
gastric adenocarcinoma.

METHODS: Gastric adenocarcinoma and resection margin
tissues of 95 patients were studied. Semi-quantitative RT-PCR
was used to measure Bid, Bax and Bcl-2 mRNA expressions.

RESULTS: Expressions of Bid and Bax in gastric adenocarcinoma
tissues without H pylori infection, with cagA- H pylori infection
and cagA+ H pylori infection increased significantly in turn
(Bid, 0.304, 0.422 and 0.855 respectively, P<0.05; Bax,
0.309, 0.650 and 0.979 respectively, P<0.05). Bcl-2 mRNA
levels increased significantly in gastric adenocarcinoma
tissues with cagA- H pylori infection and cagA+ H pylori
infection, compared with those without H pylori infection
(0.696 and 0.849 vs 0.411, P<0.05). Expressions of Bid,
Bax and Bcl-2 in resection margin tissues without H pylori
infection, with cagA- H pylori infection and cagA+ H pylori
infection increased significantly in turn (Bid, 0.377, 0.686
and 0.939 respectively, P<0.05; Bax, 0.353, 0.645 and
1.001 respectively, P<0.05; Bcl-2, 0.371, 0.487 and 0.619
respectively, P<0.05). In H pylori negative specimens,
expressions of Bid and Bax correlated negatively with that
of Bcl-2 respectively in adenocarcinoma tissues (Bid vs Bcl-
2, r=-0.409, P<0.05; Bax vs Bcl-2, r=-0.451, P<0.05). In
H pylori positive specimens, expressions of Bid and Bax did
not correlate with that of Bcl-2 in adenocarcinoma tissues
(Bid vs Bcl-2, r=0.187, P>0.05; Bax vs Bcl-2, r=0.201,
P>0.05), but correlated positively with that of Bcl-2 respectively
in resection margin tissues (Bid vs Bcl-2, r=0.331, P<0.05;
Bax vs Bcl-2, r=0.295, P<0.05).

CONCLUSION: H pylori may enhance Bid, Bax and Bcl-2
mRNA levels and cause deregulation of these apoptosis-
associated genes expressions, which may play a role during
development of gastric adenocarcinoma induced by H pylori.

Zhang H, Fang DC, Wang RQ, Yang SM, Liu HF, Luo YH. Effect
of Helicobacter pylori infection on expressions of Bcl-2 family
members in gastric adenocarcinoma. World J Gastroenterol
2004; 10(2): 227-230
http://www.wjgnet.com/1007-9327/10/227.asp

INTRODUCTION
Helicobacter pylori (H pylori) infection is the most common
chronic infection in humans and is the major cause of gastritis
worldwide. This infection is also accepted as the etiological
factor of the majority of peptic ulcers. It has been implicated
as a significant contributing factor in the development of gastric
malignancy, both gastric MALT lymphoma and gastric
adenocarcinoma[1-14], and H pylori was classified as a group 1
carcinogen for gastric cancer in 1994 by the WHO and
International Agency for Research on Cancer (IARC)[15]. The
role of H pylori infection in the gastric carcinogenesis is not
clear. It might be involved in imbalance between apoptosis
and proliferation[16-33]. Bcl-2 family members have been closely
related to apoptosis, which could either promote cell survival
(Bcl-2, Bcl-xL, A1, Mcl-1, and Bcl-w) or promote cell death
(Bax, Bak, Bcl-xS, Bad, Bid, Bik, Bim, Hrk, Bok)[34-36]. In the
present study, we investigated the effect of H pylori infection
on the expressions of Bcl-2 family members in gastric
adenocarcinoma and resection margin tissues.

MATERIALS AND METHODS

Tissue specimens
Specimens of gastric adenocarcinoma of 95 patients (72 males
and 23 females, age range 31 to 84 years, mean 56 years),
who had undergone resection surgical at the Southwest
Hospital in Chongqing and had not taken anti-H pylori drugs
before operation, were collected from 2001 to 2002. Gastric
adenocarcinoma tissues were examined microscopically.
Resection margin tissues were also examined to verify that
they did not contain malignant cells. The histological diagnosis
was confirmed by a professional pathologist. The remaining
specimens were snap-frozen and stored at -80  until assayed.
Warthin-Starry silver staining and polymerase chain reaction
(PCR) analysis for H pylori urease gene A (ureA) were
performed to detect H pylori infection. PCR analysis for
H pylori cagA gene was performed to verify cagA+ H pylori
infection. Fifty-eight patients whose both Warthin-Starry
staining and PCR for ureA showed positive results were
diagnosed as suffering from H pylori infection and 37 were
cagA+ H pylori.

RT-PCR analysis of Bid, Bax and Bcl-2 mRNA
According to references[37,38], primers were designed for β-actin
(GenBank accession No.BC013380), 5’-GTG GGG CGC CCC
AGG CAC CA-3’ (sense) and 5’-CTC CTT AAT GTC ACG
CAC GAT TTC-3’ (antisense), 540 bp product; for Bid
(GenBank accession No.AF087891), 5’-ATG GAC TGT TGA
GGT CAA CAA C-3’ (sense) and 5’-TCA GTC CAT CCC
ATT TCT GGC T-3’ (antisense), 588 bp product; for Bax
(GenBank accession No.AY217036), 5’-ACC AAG AAG
CTG AGC GAG TGT C-3’ (sense) and 5’-ACA AAG ATG
GTC ACG GTC TGC C-3’ (antisense), 332 bp product; and
for Bcl-2 (GenBank accession No.M13994), 5’-TGC ACC
TGA CGC CCT TCA C-3’ (sense), 5’-AGA CAG CCA GGA
GAA ATC AAA CAG-3’ (antisense), 293 bp product.
     Total RNA was prepared from gastric adenocarcinoma
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tissues and resection margin tissues by using TriPure isolation
reagent (Roche) according to the manufacturer’s protocol.
Reverse transcription (RT) was performed for first-strand
cDNA by using 2 µg of total RNA and 1 µl of oligo(dT)18
primer in the presence of 5 unit AMV reverse transcriptase
(Promega), 20 unit RNase inhibitor, 0.5 mmol/L of each dNTP
and 1×buffer in 20 µl for 60 min at 42 . Then 2 µl reverse
transcription products were used for PCR. In a total of 20 µl
reactive mixture, 5 pmol/L sense primer and 5 pmol/L antisense
primer, 0.25 mmol/L of each dNTP, 1×reaction buffer and 1.5
unit Taq polymerase were mixed. The reaction was run for 33
cycles, and each consisted of denaturation at 94  for 60 s,
annealing at 58  for 60 s, extension at 72  for 60 s and
final extension prolonged for 7 min at 72 . PCR-amplified
products (8 µl each) were analyzed on 1.5% agarose gels after
ethidium bromide staining. Expression levels of Bid, Bax and
Bcl-2 were quantitated using Quantity One quantitation
software (Bio-Rad Laboratories) and were reported to be
normalized to β-actin levels.

Statistical analysis
All data were presented as means ± standard error. Differences
in means were examined by ANOVA, and correlations were
analyzed by using Spearman’s rank correlation coefficient
(SPSS 10.0 for Windows). A P value<0.05 was considered
significant.

RESULTS
Effect of H pylori on expressions of Bid, Bax and Bcl-2 mRNA
In gastric adenocarcinoma tissues, expressions of Bid and Bax
mRNA in H pylori negative group, cagA- H pylori infection
group and cagA+ H pylori infection group increased in an
ascending pattern, respectively (P<0.05). Expression of Bcl-
2 in H pylori negative group was significantly lower than that
in H pylori infection group (P<0.05). Levels of Bcl-2 mRNA
between cagA- H pylori infection group and cagA+ H pylori
infection group did not show any significant difference.
     In resection margin tissues, expressions of Bid, Bax and
Bcl-2 mRNA in H pylori negative group, cagA- H pylori
infection group and cagA+ H pylori infection group increased
in turn (P<0.05) (Figure 1, Tables 1-3).

Table 1  Effect of H pylori infection on expression of Bid

        Adenocarcinoma    Resection margin

H pylori (-) 0.304±0.113         0.377±0.119

H pylori (+) cagA (-) 0.422±0.149a         0.686±0.285a

cagA (+) 0.855±0.305ac         0.939±0.383ac

aP<0.05, vs H pylori negative group, cP<0.05, vs cagA- H pylori
infection group.

Table 2  Effect of H pylori infection on expression of Bax

        Adenocarcinoma    Resection margin

H pylori (-) 0.309±0.123         0.353±0.139

H pylori (+) cagA (-) 0.650±0.393a         0.645±0.327a

cagA (+) 0.979±0.375ac         1.001±0.361ac

aP<0.05, vs H pylori negative group, cP<0.05, vs cagA- H pylori
infection group.

Table 3  Effect of H pylori infection on expression of Bcl-2

        Adenocarcinoma    Resection margin

H pylori (-) 0.411±0132         0.371±0.153

H pylori (+) cagA (-) 0.696±0.318a         0.487±0.241a

cagA (+) 0.849±0.352a         0.619±0.243ac

aP<0.05, vs H pylori negative group, cP<0.05, vs cagA- H pylori
infection group.

Correlation among levels of Bid, Bax and Bcl-2 mRNA
In H pylori negative group, levels of Bid and Bax mRNA
correlated negatively with that of Bcl-2 in gastric
adenocarcinoma tissues (Bid vs Bcl-2,r=-0.409, P<0.05; Bax
vs Bcl-2, r=-0.451, P<0.05). In H pylori positive group,
expressions of Bid and Bax did not correlate with that of Bcl-
2 in adenocarcinoma tissues (Bid vs Bcl-2, r=0.187, P>0.05;
Bax vs Bcl-2, r=0.201, P>0.05), but correlated positively with
that of Bcl-2 respectively in resection margin tissues (Bid vs
Bcl-2, r=0.331, P<0.05; Bax vs Bcl-2, r=0.295, P<0.05).

Figure 1  Effect of H pylori infection on mRNA expressions of Bcl-2 family members in gastric adenocarcinoma and resection
margin tissues. A: Expression of Bid in gastric adenocarcinoma, B: Expression of Bid in resection margin, C: Expression of Bax in
gastric adenocarcinoma, D: Expression of Bax in resection margin, E: Expression of Bcl-2 in gastric adenocarcinoma, F: Expression
of Bcl-2 in resection margin, 1: H pylori negative group, 2: cagA- H pylori group, 3: cagA+ H pylori group.
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DISCUSSION
Bid, Bax and Bcl-2 are representative members of Bcl-2 family.
Bid and Bax are pro-apoptosis members. Bcl-2 is an anti-
apoptosis member. In the mechanism of regulating apoptosis,
Bid as a BH3 domain protein, is one of the initiators to apoptosis
and Bax is the key member. Either Bid or Bcl-2 must rely on
Bax to induce or inhibit apoptosis[39-43].
     Studies have shown that H pylori infection could induce
Fas antigen (Fas Ag) expression in gastric epithelial cells[44].
In addition, H pylori infection was also associated with increased
mucosal inflammatory cytokines, including TNF-α[45] and
IFN-γ[46]. The cytokines generated during the immune response
to H pylori also increased expression of Fas Ag in gastric cell
lines[47]. Fas Ag, after binding specifically to its ligand (Fas L),
trimerizes and activates Caspase-8. Activation of Caspase-8
could result in the cleavage of cytosolic Bid to truncate tBID,
which could translocate to mitochondria and initiate apoptosis[48].
Shibayama et al[31] found that H pylori infection induced the
activation of Caspase-8 and the expression of Bid in human
gastric epithelial cells, and inhibition of Caspase-8 suppressed
the expression of Bid. In the present study, we found that H
pylori infection upregulated expression of Bid mRNA in both
gastric adenocarcinoma and resection margin tissues. That
might be due to the upregulation of Fas and the activation of
Caspase-8.
      Bax is a cytosolic protein and translocates from the cytosol
to the mitochondria for integration into the membrane
following a proapoptotic stimulus. This action then results in
cytochrome C release and initiates apoptosis. We have
previously demonstrated that H pylori infection could promote
Bax protein expression in chronic gastritis and premalignant
lesions. Expression of Bax correlated positively with apoptotic
index. The apoptotic index in Bax expression positive group
in intestinal metaplasia, gastric dysplasia and gastric carcinoma
was significantly higher than that in Bax negative group. In
the present study, we found H pylori infection also increased
levels of Bax mRNA in both gastric adenocarcinoma and
resection margin tissues, and the effect was stronger in CagA+

H pylori group than cagA- H pylori group. These results showed
H pylori infection might promote apoptosis in gastric
adenocarcinoma and its resection margin tissues.
      Bc1-2 is an important anti-apoptosis protein. We found that
Bcl-2 mRNA levels in H pylori negative group in gastric
adenocarcinoma tissues were lower than in H pylori positive
group. In resection margin tissues, Bcl-2 mRNA levels in H pylori
negative group, cagA- H pylori infection group and cagA+

H pylori infection group respectively increased in turn,
suggesting that H pylori might promote expression of Bcl-2 in
both gastric adenocarcinoma and resection margin tissues.
      Although H pylori could promote expressions of Bid, Bax
and Bcl-2, the correlations among them are still unclear. In
the present study, it showed that levels of Bid and Bax mRNA
were correlated negatively with that of Bcl-2 in gastric
adenocarcinoma tissues without H pylori infection. This result
is correspondent with the findings that apoptosis decreases in
tumor tissues. In H pylori positive group, levels of Bid, Bax
and Bcl-2 mRNA in gastric adenocarcinoma all increased.
Besides, levels of Bid, Bax, and Bcl-2 did not correlate with
each other. In the resection margin tissues, levels of Bid and
Bax mRNA were correlated positively with that of Bcl-2. These
results indicated that although H pylori could promote
expressions of Bid, Bax and Bcl-2, it might play a different
role in the development of gastric adenocarcinoma. In benign
gastric lesions, H pylori infection might mainly upregulate
expressions of pro-apoptotic genes such as Bid and Bax, and
this effect might be stronger than its upregulatory effect on
Bcl-2, which is consistent with the phenomena that H pylori
infection increases apoptosis in atrophic gastritis and gastric

ulcer. During development of gastric adenocarcinoma,
upregulatory effect of H pylori on anti-apoptotic genes, for
example Bcl-2, might increase gradually and counteract pro-
apoptosis effect of Bid and Bax, which may induce or worsen
deregulation of apoptosis-associated genes expressions during
the course of the formation of gastric adenocarcinoma.
      Recently, it was found that not only excessive proliferation
played an important role in gastric adenocarcinoma, but also
reduction of apoptosis contributed to the carcinogenesis of
gastric mucosa. The abnormal expressions of Bid, Bax and Bcl-
2 induced by H pylori might result in inhibition of apoptosis,
which may play an important role during development of
gastric adenocarcinoma induced by H pylori[49]. The detailed
mechanism still remains to be studied.
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Abstract
AIM: To synthetically analyze and probe into the diagnosis
of H pylori infection, we followed the principles of evidence-
based medicine.

METHODS: A total of 22 papers of prevalence survey and
case-control studies were selected for studying about
diadynamic methods. Using meta-analysis, we analyzed the
different diadynamic methods of H pylori in China.

RESULTS: Through meta-analysis, among the five diadynamic
methods, the accuracy of polymerase chain reaction (PCR)
was the highest (98.47%) and PCR was the most sensitive
method (Sp: 99.03%).

CONCLUSION: Among the five diadynamic methods, the
accuracy of PCR is the highest and PCR is the most sensitive
method to diagnose the infection of H pylori.

Wan Y, Xu YY, Jiang JH, Kong FS, Xue FB, Bai YX, Pan BR, Ren J,
Fan DM. Chinese literature associated with diagnosis of
Helicobacter pylori. World J Gastroenterol  2004; 10(2): 231-233
http://www.wjgnet.com/1007-9327/10/231.asp

INTRODUCTION
Since Helicobacter pylori (H pylori) was first isolated in 1982,

the association of H pylori and related diseases has become
the hot spot of gastroenterological studies. The distribution of
H pylori infection is worldwide, and the prevalence rate of
H pylori among populations is very high. With the deepening
of H pylori researches, studies about H pylori, which aimed at
effectively controlling the infection, were of great significance
in preventing and curing the chronic stomach troubles. Because
of the independence of each study and limit to the region and
sample source, a great majority of studies did not have enough
evidence and totally unanimous conclusion, which influenced
the reliability of the conclusion. However, meta-analysis method
could appraise and analyze synthetically the results of study
with the same research purpose[1], thus improving the efficiency
of statistics, solving the problem with inconsistent results of
studies, and making the conclusion of study more reliable.
Therefore, we used meta-analysis to analyze synthetically the
results of studies associated with H pylori diagnosis so as to
express them more accurately.

MATERIALS AND METHODS
Literature selection and data
A Chinese biology and medicine database (CBM) search of
non-review articles since 1995 was performed with the MeSH
headings “Helicobacter pylori”, “diagnosis”, “polymerase
chain reaction”, “enzyme-linked immunosordent assay” and
“urea enzymes test”.
Standard of selection  The research objects were the population
who could possibly suffer from H pylori, and the results of
study had intact statistics.
H pylori-positive result judgment  H pylori cultivation was
positive or one or two of the followings were positive: H pylori
morphology (smear, histology or immunohistochemistry), urea
enzyme test (RUT, 13C or 14C-urea breath test), PCR detection,
serologic test (ELISA or immunoblotting test, etc.).
Standard of rejection  The sample size was too small for
statistical study, children less than one year old who possibly
carried mother’s antibody, studies without definite detection
of H pylori or strict quality control.
Study on diadynamic methods of H pylori  The literature
search result were classified as follows. Twenty-two reports[2-23]

appraised synthetically according to 5 commonly used clinical
diagnostic methods, the evaluation targets included sensitivity
(Se), specificity (Sp) and accuracy (π). Bibliographic retrieval
results of 13C-urea breath test, 14C-urea breath test, ELISA, RUT
and PCR are shown in Tables 1-5.

Table 1  Related literature of 13C-urea breath test

            H pylori positive          H pylori negative
Study No. (i)              Se (%) Sp (%) π (%)             PV- (%)            PV+ (%)

   a         c b      d

1   36         0 0     24 100   98.50 99.40 100 100
2 148         5 0              165   96.70 100 98.41   97.06 100
3   13         0 1     23 100   95.83 97.41 100   92.86
4   39         3 0     10   92.86 100 94.23   76.92 100
5   42         0 0     10 100   96.97 99.42 100 100
6   52         2 3     13   96.30   81.25 92.86   94.55   86.67
7   47         1 0     32   97.92 100 98.75   97.14 100
8 147         3 0       3   98   90.70 97.86   96.10   95.30
9   74         3 0     49   96 100 97.56   94.23 100
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Methods
In the statistical analysis of data, Meta-analysis method with a
fixed effect model and a random effect model was used to
reach an integrated conclusion[24-26].

RESULTS
Among the five diadynamic methods, the accuracy of PCR
was the highest and PCR was the most sensitive method,
specificity of 13C-urea breath test was the highest, the sensitivity
and accuracy of RUT were the lowest, specificity of ELISA

was the lowest (Table 6).

Table 6  Synthetic evaluation of five diadynamic methods

Diadynamic methods              Se (%)              Sp (%)             π (%)

13C-urea breath test 99.34 95.09             97.78
14C-urea breath test 97.56 94.96             96.40
ELISA 93.96 81.78             90.09
PCR 98.25 99.03             98.47
RUT 95.58 71.19             87.02

Table 2  Related literature of 14C-urea breath test

             H pylori positive         H pylori negative
Study No. (i)  Se (%)               Sp (%) π (%) PV- (%)             PV+ (%)

 a         c b      d

1 81         2 2     52   97.06   96.12 96.69   95.12   97.06
2 52         5 0     23   91.23 100 93.73   82.14 100
3 51         1 2     16   97.36   88.89 95.47   97.36   96.23
4 56         3 1     59   94.92   98.33 96.61   95.16   98.25
5 83         0 3     75 100   96.15 98.35 100   96.51
6 78         5 2     76   93.98   97.44 95.65   93.83   97.50
7 79         4 2     76  95.18   97.44 96.27   95   97.53

Table 3  Related literature of ELISA

             H pylori positive         H pylori negative
Study No. (i) Se (%)              Sp (%) π (%)  PV- (%)            PV+ (%)

 a           c b      d

1 85         11 2     38   88.54 95 90.41   77.55 97.70
2 55           2 2     26   96.49 92.86 95.25   92.86 96.49
3 38           6 2     13   86.36 86.67 86.44   68.42 95
4 43           1 1     14   97.37 93.33 96.34   93.33 97.73
5 37           7 4     11   84.09 73.33 81.35   61.11 90.24
6 64           2 2     15   96.97 88.23 95.18   88.24 96.97
7 44           0 3     12 100 80 94.92 100 93.62

Table 4  Related literature of RUT

             H pylori positive         H pylori negative
Study No. (i)  Se (%)             Sp (%) π (%) PV- (%)             PV+ (%)

    a                  c   b      d

  1   34                  2   0     24   94.44 100 96.64   92.31 100
  2   32                10   0     10   76.19 100 80.77   50 100
  3   38                  4   1       9   89.74   90.91 89.97   69.23   97.44
  4   30                  2   2     17   93.75   89.47 92.16   89.74   93.75
  5   55                  4   7     53   93.22   88.33 90.73   92.98   88.71
  6   62                  4   4     13   93.94   76.47 90.36   76.47   93.94
  7   46                  8   4     12   85.52   75 83.12   60   92
  8 151                50 11     47   75.12   81.03 76.35   48.45   93.21
  9 171                30   7     51   85.07   87.93 85.84   62.96   96.07
10   72                15   0     63   82.76 100 90.02   80.77 100
11 227                22   6     29   91.16   82.86 90.05   56.86   97.42
12   73                14   0     63   83.91 100 90.66   81.82 100
13   58                  7   1     30   89.23   96.77 91.65   81.08   98.31
14   34                  0   7     28 100   80 89.86 100   82.93
15   64                15   3     13   81.01   81.25 81.05   46.43   95.52

Table 5   Related literature of PCR

             H pylori positive         H pylori negative
Study No. (i)              Se (%)             Sp (%) π (%)            PV- (%)                PV+ (%)

   a                  c b      d

1 178                0 0     98 100 100 100 100 100
2   32                0 5     14 100   73.68   90.19 100   86.49
3   34                0 1     34 100   97.14   98.53 100   97.14
4   34                2 1     34   94.44   97.14   95.73   94.44   97.14
5 149                0 0     10 100 100 100 100 100
6   77                2 2     14   97.47   87.50   95.82   87.50   97.47
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DISCUSSION
This study used bibliographic retrieval to collect the relevant
materials of H pylori infection, and meta-analysis, including
combination of statistics in many studies by weight and
equalized test, to analyze the diagnosis of H pylori infection.
      The five diadynamic methods of H pylori infection all had
a high sensitivity, specificity and accuracy, among which PCR
was most sensitive and accurate. 13C-urea breath test was the
most specific. As an ideal diadynamic method, it should have
the following advantages: a high sensitivity and specificity,
minimal incursions into or no damage to patients, simple and
convenient in manipulation, less sophisticated technique or
equipment, low cost and easy acceptance by patients. However,
in fact, it is difficult for one diadynamic method to possess all
these qualities. Above all, among the five diadynamic methods
of H pylori infection, ELISA is the most convenient, which
has the lowest cost and damage, therefore, serological positivity
can merely explain the situation of whether patients have been
infected or being infected. 13C-urea breath test has no harm,
and can provide the whole infection information of stomach,
which is relatively ideal, but it is difficult to popularize for the
need of equipments and high expense. Although 14C-urea breath
test can be done by well-equipped hospital and has lower cost
than 13C-urea breath test, it has some radioactivity risk. RUT
belongs to indirect test, whose intensity is determined by
bacterial density of biopsy specimen. PCR is more sensitive
than other methods. PCR can also detect H pylori, which cannot
be detected by other methods, and at present it has been widely
used in detection of various kinds of clinical specimens[27]. So
which diadynamic methods would be adopted in clinical
detection must be determined according to the specific situation
and different requirements[28-32].
      H pylori infection is common and study of H pylori infection
involves a wide extent. A large number of researches and works
on this aspect have been done in China, and have achieved a
great progress, although some problems where found in these
studies such as flaw in experimental design, scattered data,
deficiency of objective and reliable conclusion. Therefore,
many aspects of H pylori infection are still to be studied to
obtain accurate and consummate results.
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Abstract
AIM: Over 90% of drugs are metabolized by the cytochrome
P-450 (CYP) family of liver isoenzymes. The most important
enzymes are CYP1A2, 3A4, 2C9/19, 2D6 and 2E1. Although
CYP2D6 accounts for <2% of the total CYP liver enzyme
content, it mediates metabolism in almost 25% of drugs. In
order to study its enzymatic activity for drug metabolism, its
cDNA was cloned and a HepG2 cell line stably expressing
CYP2D6 was established.

METHODS: Human CYP2D6 cDNA was amplified with
reverse transcription-polymerase chain reaction (RT-PCR)
from total RNA extracted from human liver tissue and cloned
into pGEM-T vector. cDNA segment was identified by DNA
sequencing and subcloned into a mammalian expression
vector pREP9. A cell line was established by transfecting
the recombinant plasmid of pREP9-CYP2D6 to hepatoma
HepG2 cells. Expression of mRNA was validated by RT-PCR.
Enzyme activity of catalyzing dextromethorphan O-
demethylation in postmitochondrial supernant (S9) fraction
of the cells was determined by high performance liquid
chromatography (HPLC).

RESULTS: The cloned cDNA had 4 base differences, e.g.
100 C T, 336 T C, 408 C G and 1 457 G C, which
resulted in P34S, and S486T amino acid substitutions, and
two samesense mutations were 112 F and 136 V compared
with that reported by Kimura et al (GenBank accession
number: M33388). P34S and S486T amino acid substitutions
were the characteristics of CYP2D6*10 allele. The relative
activity of S9 fraction of HepG2-CYP2D6*10 metabolized
detromethorphan O-demethylation was found to be
2.31±0.19 nmol·min-1·mg-1 S9 protein (n=3), but was
undetectable in parental HepG2 cells.

CONCLUSION: cDNA of human CYP2D6*10 can be successfully
cloned. A cell line, HepG2-CYP2D6*10, expressing CYP2D6*10
mRNA and having metabolic activity, has been established.

Zhuge J, Yu YN, Wu XD. Stable expression of human cytochrome
P450 2D6*10 in HepG2 cells. World J Gastroenterol  2004; 10
(2): 234-237
http://www.wjgnet.com/1007-9327/10/234.asp

INTRODUCTION
Over 90% of drugs are metabolized by the cytochrome P-450
(CYP) family of liver isoenzymes[1]. The most important
enzymes are CYP1A2, 3A4, 2C9/19, 2D6 and 2E1. Although
CYP2D6 accounts for <2% of the total CYP liver enzyme
content, it mediates metabolism in almost 25% of drugs.
Among these are many antipsychotics and antidepressants,
beta-blockers, antiarrhythmic agents and opiates[2,3]. CYP2D6
exhibits extensive polymorphism. Over 40 CYP2D6 allelic
variants have been discovered[4] (http://www.imm.ki.se/
CYPalleles/cyp2d6.htm).
     Human CYP1A1[5], CYP2B6[5], CYP2A6[6], CYP3A4[7],
CYP2C9[8], CYP2C18[9] and a phase II metabolism enzyme
UDP-glucuronosyltransferase, UGT1A9[10] have been stably
expressed in Chinese hamster lung CHL cells in our laboratory.
Among the human hepatic cell lines, HepG2 is derived from a
human liver tumor and characterized by many xenobiotic-
metabolizing activities as compared to fibroblasts. Therefore,
HepG2 cell is useful in the prediction of the metabolism and
cytotoxicity of chemicals in human liver[11]. But it does not
produce a significant amount of CYP[12,13]. Yoshitomi et al[14]

have established stable expression of a series of human CYP
subtypes, e.g. CYP1A1, CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and
CYP3A4, respectively in the HepG2 cells.
      In this study human CYP2D6*10 cDNA was amplified with
reverse transcription-polymerase chain reaction (RT-PCR), and
a cell line stably expressing CYP2D6.10 was established.

MATERIALS AND METHODS

Materials
Restriction endonucleases and Moloney murine leukemia
virus (M-MuLV) reverse transcriptase were supplied by MBI
Fermentas AB, Lithuania. PCR primers, DNA sequence
primers, random hexamer primers and dNTPs were synthesized
or supplied by Shanghai Sangon Biotechnology Co. Expand
fidelity PCR system and NADPH were from Roche Molecular
Biochemicals. DNA sequencing kit was purchased from
Perkin-Elmer Co. TRIzol reagent, G418, Dulbecco’s modified
Eagle’s medium (DMEM) and newborn bovine calf sera were
from Gibco. Diethyl pyrocarbonate (DEPC), dextromethorphan
HBr and dextrophan D-tartrate were purchased from Sigma/RBI.
T4 DNA ligase and pGEM-T vector system were from Promega.
HPLC solvents and other chemicals were all of the highest
grade from commercial sources.

Methods
Cloning of human CYP2D6 cDNA from human liver  Total
RNA was extracted from a surgical specimen of human liver
with TRIzol reagent according to the manufacture’s
instructions. RT-PCR amplifications using expand fidelity PCR
system were described before. Two specific 28-mer
oligonucleotide PCR primers were designed according to the
cDNA sequence of CYP2D6 reported by Kimura et al[15]

(GenBank accession no.M33388). The sense primer
corresponding to base position -12 to 13 was CYP2D6 F1: 5’-



CTCGAGGCAGGTATGGGGCTAGAAG-3’, with a
restriction site of Xho I, and the anti-sense one, corresponding
to the base position from 1 503 to 1 530, was CYP2D6 R1: 5’-
GGATCCTGAGCAGGCTGGGGACTAGGTA-3’, with a
restriction site of BamH I. The anticipated PCR products were
1.543 kb in length. PCR was performed at 94  for 5 min,
then 35 cycles at 94  for 60 s, at 62  for 60 s, at 72  for
2 min, and a final extension at 72  for 10 min. An aliquot
(10 µL) from PCR was subjected to electrophoresis in a 1%
agarose gel stained with ethidium bromide.
Construction of recombinant pGEM-CYP2D6 and
sequencing of CYP2D6 cDNA[8]  The PCR products were
ligated with pGEM-T vector, and transformed to E. coli DH5α.
cDNA of CYP2D6 cloned in pGEM-T was sequenced by
dideoxy chain-termination method marked with BigDye with
primers of T7, SP6 promoters and two specific primers of 5’-
ACCTCATGAATCACGGCAGT-3’ (1 088-1 069), and 5’-
CCGTGTCCAACAGGAGA-3’ (987-1 003). The termination
products were dissolved and detected using an automated DNA
sequencer (Perkin-Elmer-ABI Prism 310).
Construction of pREP9 based expression plasmid for
CYP2D6[8]  Xho I/BamH I fragment having the total span of
human CYP2D6 cDNA in pGEM-CYP2D6 was subcloned to
a mammalian expression vector pREP9 (Invitrogen). The
recombinant was transformed to E. coli Top 10, screened by
ampicillin resistant and identified by restriction mapping.
Transfection and selection[8, 16]  HepG2 cells were maintained
as monolayer cell cultures at 37  in DMEM supplemented
with 10% new born calf sera. HepG2 cells were transfected
with the resultant recombinant plasmid, pREP9-CYP2D6,
using a modified calcium phosphate method. A cell line named
HepG2-CYP2D6 was established by selecting in the culture
medium containing G418.
RT-PCR assay of CYP2D6 mRNA expression in HepG2-
CYP2D6 and HepG2 cells  Total RNA was preprared from
G-418-resistant clones by TRIzol reagent. RT-PCR was performed
as described before[8], using 200 mmol·L-1 of CYP2D6F1 and
CYP2D6R1 primers and 200 mmol·L-1 primers of beta-actin
as internal control. The sense and anti-sense primers used for
PCR amplification of beta-actin (GenBank accession no.
NM_001101) are 5’-TCCCTGGAGAAGAGCTACGA-3’
(776-795) and 5’-CAAGAAAGGGTGTAACGCAAC-3’
(1 217-1 237), respectively. PCR was performed at 94  for
2 min, then 35 cycles at 94  for 30 s, at 62  for 30 s, at
72  for 90 s, and a final extension at 72  for 7 min. The
anticipated beta-actin PCR products were 462 bp in length and
that of CYP2D6 were 1 543 bp in length. An aliquot (10 µL)
from PCR was subjected to electrophoresis in a 1.2% agarose
gel stained with ethidium bromide.
Preparation of postmitochondrial supernant (S9) of
HepG2-CYP2D6  The procedure for the preparation of S9
fraction was described before[8]. The protein in S9 was
determined by Lowry’s method, with bovine serum albumin
as standard.
Dextromethorphan O-demethylation assays[17-20]  CYP2D6
dextromethorphan O-demethylation activity of S9 was
determined by reversed phase high performance liquid
chromatography (HPLC). Briefly, incubation reactions were
performed in 50 mmol·L-1 potassium phosphate buffer (pH7.4),
containing 3 mmol·L-1 MgCl2, 1 mmol·L-1 EDTA, 40 mmol·L-1

dextromethophan and 200 µg S9 protein in a final volume of
200 µL. Reactions were initiated by addition of 1 mmol·L-1

NADPH and terminated with 30% acetic acid after incubation
for 10 min at 37 . Protein was precipitated by centrifugation
at 10 000 g for 4 min, and the supernatant was stored at -20 
for analysis. On HPLC analysis, 10 µL of supernatant was
injected into a Water HPLC equipped with a Shimadzu RF-535
fluorescence detector. A CLC phenyl column (15 cm×4.5-mm

i.d.) was used to separate the metabolites. The mobile phase
consisted of a mixture of 30% acetonitrile, 1% acetic acid, and
0.05% triethylamine in water. The flow rate through the column
at 25  was 0.75 ml·min-1. The excitation and emission
wavelengths of the fluorescence detector were 285 nm and
310 nm, respectively. The rates of product formation were
determined from standard curves prepared by adding varying
amounts of dextrophan D-tartrate to incubations conducted
without NADPH.

RESULTS

Construction of human CYP2D6*10 cDNA recombinants
The pGEM-CYP2D6 recombinant was constructed by inserting
human CYP2D6 cDNA into the pGEM-T vector. Selection
and identification of the recombinant were carried out by Xho
I/BamH I endonuclease digestion, agarose gel electrophoresis
(Figure 1) and DNA sequencing. Compared with the cDNA
sequence reported by Kimura et al[15] (GenBank accession no.
M33388), differences were found in 100 C T, 336 T C,
408 C G and 1457 G C, that result in P34S and S486T
amino acid substitutions, and two samesense mutations of
112 F and 136 V.
     The Xho I/BamH I fragment (1.543 kb) containing the
complete CYP2D6 cDNA was subcloned into the Xho I/BamH I
site of mammalian expression vector pREP9. Selection and
identification of the recombinant were carried out by Xho I/
BamH I endonuclease digestion and agarose gel electrophoresis
(Figure 1). The resulting plasmid was designated as pREP9-
CYP2D6 and contained the entire coding region, along with
11 bp of the 5’ and 35 bp of the 3’ untranslation region of
CYP2D6 cDNA, respectively.

Figure 1  Electrophoresis identification of pGEM-CYP2D6 and
pREP9-CYP2D6 recombinants. Lane 1: Marker (λ/EcoR I and
Hind III), 2: PCR products of CYP2D6 (1.543 kb), 3: Recombi-
nant of pGEM-CYP2D6 digested by Xho I and BamH I, 4: pGEM-
T vector (3 kb), 5: Recombinant of pREP9-CYP2D6 digested by
Xho I and BamH I, 6: pREP9 vector (10.5 kb).

Establishment of cell line HepG2-CYP2D6
HepG2 cells were transfected with pREP9-CYP2D6, and
selected with G418. The surviving clones were subcultured
and the cell line termed HepG2-CYP2D6 was established.

RT-PCR assay of CYP2D6 mRNA expression in HepG2-
CYP2d6 cells
CYP2D6 mRNA expression in HepG2-CYP2D6 cells was
detected by RT-PCR with CYP2D6F1 and CYP2D6R1
primers. It was easily to identify a 1.5 kb band from HepG2-
CYP2D6 cells, but not from HepG2 cells (Figure 2).

Dextromethorphan O-demethylation activity in HepG2-
CYP2D6 cells
The dextromethorphan O-demethylation activity in S9 of
HepG2-CYP2D6 cells was assayed by reverse HPLC. A typical
elution profile of metabolites in supernatant was shown (Figure
3). The retention times for dextrophan and dextromethorphan
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were 6.5 min and 16.8 min, respectively. The CYP2D6 enzyme
activity towards dextromethorphan O-demethylation was found
to be 2.31±0.19 nmol·min-1·mg-1 S9 protein (n=3), but was
undetectable in parent HepG2 cells.

Figure 2  Identification of CYP2D6 mRNA expression in
HepG2-CYP2D6 and HepG2 cells by RT-PCR with beta-actin
as internal control. Lane 1: 1 kb ladder marker, 2: RT-PCR prod-
ucts of HepG2 cells showing a 462 bp of beta-actin, 3: RT-PCR
products of HepG2-CYP2D6 cells showing a 462 bp of beta-
actin and 1.5 kb of CYP2D6.

Figure 3  Representative chromatograms of metabolites in
supernatant. 10 µL of supernatant was injected into a Water
HPLC equipped with a Shimadzu RF-535 fluorescence detector.
A CLC phenyl column (15 cm×4.5-mm i.d.) was used to sepa-
rate the metabolites. The mobile phase consisted of a mixture of
30% acetonitrile, 1% acetic acid, and 0.05% triethylamine in water.
The flow rate through the column at 25  was 0.75 ml·min-1. The
excitation and emission wavelengths of the fluorescence de-
tector were 285 nm and 310 nm, respectively. The retention
times for dextrophan and dextromethorphan were 6.5 min and
16.8 min, respectively. The retention time of an unidentified
metabolite was 8.9 min.

DISCUSSION
The gene encoding CYP2D6 enzyme is localized on chromosome
22. Three major mutant alleles, termed CYP2D6*3, 4, and 5,
associated with the poor metabolizer (PM) phenotype, were
found early on in Caucasians[3]. CYP2D6 gene has turned out
to be extremely polymorphic with 44 alleles described to 10-
Nov-2003  (http://www.imm.ki.se/CYPalleles/cyp2d6.htm).
Three fairly population specific alleles have been found with
CYP2D6*4 in Caucasians, *10 in Asians and *17 in Africans[3].
The CYP2D6*10 allele with 100 C T and 1457 G C, can
result in P34S and S486T amino acids substitute and an
unstable enzyme with decreased catalytic activity. This allele
occurred from 38% to 70% in Asian population[4]. The most
frequent allele in Chinese was CYP2D6*10 allele with a
frequency of about 51.3%[21], it was 57.2% in Guangdong
Chinese population[22], 41.17% in Hong Kong Chinese
population[23]. The CYP2D6 cDNA we cloned has the
characteristics of CYP2D6*10 allele with 2 amino acid
substitutions of P34S and S486T.

     Ramamoorthy et al[24] have compared CYP2D6.10 with
CYP2D6.1 in vitro in a baculovirus expression system using various
substrates, such as dextromethorphan, P-methoxyamphetamine,
1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine and (+/-)3,
4-methylenedioxymethamphetamine, the ratio of intrinsic
clearance (Vmax/Km) of CYP2D6.1 to CYP2D6.10 was 50,
34, 22 and 123, respectively.
     Yu et al[25] reported that the purified CYP2D6.10 enzyme
prepared from in vitro and to a high homogeneity was
reconstituted with lipid and cytochrome P450 reductase, and
exhibited an estimated enzyme efficiency (as Vmax/Km) 50-
fold lower for dextromethophan O-demethylation and 100-
fold lower for fluoxetine N-demethylation when compared
with CYP2D6.1, whereas no measurable catalytic activity was
observed for this variant toward codeine.
    The intrinsic clearances (Vmax/Km) in reconstituted
microsomes expressing CYP2D6.10 were reduced by 135-fold
with (+/-)-3, 4-methylenedioxymethamphetamine and by
164-fold with dextromethorphan compared with that of wild-
type CYP2D6.1[26].
      Bufuralol 1’-hydroxylase activity in microsomes of yeast
expressing CYP2D6.10 was rapidly decreased by heat
treatment, supporting the idea that the thermal stability of the
enzyme was reduced by amino acid replacement. Thermal
instability together with the reduced intrinsic clearance of
CYP2D6.10 is one of the causes responsible for the known
fact that Orientals show lower metabolic activities than
Caucasians for drugs metabolized mainly by CYP2D6[27].
     Subjects homozygous for CYP2D6*10 had higher total
areas under the plasma concentration-time curve, lower
apparent oral clearances, and longer mean plasma half-life of
nortriptyline than subjects in the CYP2D6*1/*1 and the
heterozygous groups[28].
     The plasma haloperidol concentration/dose ratio was
significantly higher in older subjects (at least 50 years old)
than in younger subjects with non-2D6*10 homozygous
genotypes, but not for those with 2D6*10 homozygous
genotype[29]. No significant differences in plasma concentration
of fluvoxamine divided by daily dose of fluvoxamine per body
weight ratio were found between subjects with no, one or two
CYP2D6*10 alleles in Japanese subjects[30].
      Cai et al[31] found that patients with homozygous mutant
of CYP2D6*10 not only had a plasma concentration at peak
(Cmax) of propafenone two times as high as those of wild-
type genotype, but also showed a two-fold higher inhibitory
rate of ventricular premature contractions compared with those
with homozygous CYP2D6*1.
      Venlafaxine, a new antidepressant, is metabolized mainly
by CYP2D6 to an active metabolite, O-desmethylvenlafaxine.
Cmax and areas under the plasma concentration-time curve of
venlafaxine were 184% and 484% higher in the CYP2D6*10/*10
subjects than in the CYP2D6*1/*1 subjects[32].
     Bufuralol 1’-hydroxylation has been commonly used by
pharmaceutical industry to study in vitro drug interactions for
CYP2D6[33]. Dextromethorphan has been a widely used probe
drug for human CYP2D6 activity both in vitro and in vivo[34].
In humans, dextromethorphan is metabolized to dextrorphan,
3-methoxymorphinan and 3-hydroxymorphinan. CYP2D6
contributes at least 80% to the formation of dextrorphan, and
CYP3A4 contributes more than 90% to the formation of 3-
hydroxymorphinan. Dextromethorphan as a marker for
monitoring both CYP2D6 and CYP3A activities has been found
to be practical in human liver microsomal preparation[35].
      The expression of CYP2D6*10 mRNA was validated by
RT-PCR. The detromethorphan O-demethylation of HepG2-
CYP2D6*10 was 2.31±0.19 nmol·min-1·mg-1 S9 protein,
which was higher than baculovirus expressed CYP2D6
(1.3420±0.1466 nmol·min-1·mg-1 protein) and human liver
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microsome 0.17 to 0.30 nmol·min-1·mg-1 protein[36]. This cell
line is a useful tool for further studies of the function and
biochemical mechanism of CYP2D6.10 enzyme.
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Abstract
AIM: To investigate the dynamic changes of capillarization
and peri-sinusoid fibrosis in an alcoholic liver disease model
induced by a new method.

METHODS: Male SD rats were randomly divided into 6
groups, namely normal, 4 d, 2 w, 4 w, 9 w and 11 w groups.
The animals were fed with a mixture of alcohol for designated
days and then decollated, and their livers were harvested
to examine the pathological changes of hepatocytes, hepatic
stellate cells, sinusoidal endothelial cells, sinusoid, peri-
sinusoid. The generation of three kinds of extra cellular matrix
was also observed.

RESULTS: The injury of hepatocytes became severer as
modeling going on. Under electronic microscope, fatty
vesicles and swollen mitochondria in hepatocytes, activated
hepatic stellate cells with fibrils could been seen near or
around it. Fenestrae of sinusoidal endothelial cells were
decreased or disappeared, sinusoidal basement was formed.
Under light microscopy typical peri-sinusoid fibrosis, gridding-
like fibrosis, broaden portal areas, hepatocyte’s fatty and
balloon denaturation, iron sediment, dot necrosis,
congregated lymphatic cells and leukocytes were observed.
Type I collagen showed an increasing trend as modeling
going on, slightly recovered when modeling stopped for 2
weeks. Meanwhile, type IV collagen decreased rapidly when
modeling began and recovered after modeling stopped for
2 weeks. Laminin increased as soon as modeling began and
did not recover when modeling stopped for 2 weeks.

CONCLUSION: The pathological changes of the model
were similar to that of human ALD, but mild in degree. It
had typical peri-sinusoid fibrosis, however, capillarization
seemed to be instable. It may be related with the reduction
of type IV collagen in the basement of sinusoid during
modeling.

Xu GF, Wang XY, Ge GL, Li PT, Jia X, Tian DL, Jiang LD, Yang
JX. Dynamic changes of capillarization and peri-sinusoid fibrosis
in alcoholic liver diseases. World J Gastroenterol  2004; 10
(2): 238-243
http://www.wjgnet.com/1007-9327/10/238.asp

INTRODUCTION
In China alcoholic liver disease patients have been on the rise.
Acetaldehyde and hydroxy free radicals oxidized from alcohol
can injure hepatocytes and activate lipid peroxidation. Hydroxy
free radicals are able to activate phagocytes to secrete cytokines
and activate hepatic stellate cells (HSC). The activation of HSC
leads to the production of various components of extracelluar
matrix (ECM). Researchers have reported that peri-sinusoid
fibrosis, capilllarization, gridding-like fibrosis, bridging fibrosis
and even cirrhosis are most typical morphological changes in
alcoholic consumers for more than 10 or even 20 years. But
mild and/or moderate drinkers may not experience such severe
damages of the liver. Among the ECM produced during
fibrosis, types I and IV collagen and laminin are closely related
to the formation of capillarization and peri-sinusoid fibrosis.
The Tsukamoto-French model has been used to investigate
ALD, but it is expensive and complicated. Many researchers
like to make use of the gavage model because of its simplicity
and convenience, but there are many inconsistent reports about
the content of alcohol ingested, the time of modeling, etc. In
order to probe into the mechanism of ALD and find a more
suitable model, we investigated the dynamic changes of
capillarization and peri-sinusoid fibrosis, the contents of types
I and IV collagen and laminin, etc. in male SD rats during
modeling so as to explore whether it was acceptable.

MATERIALS AND METHODS
Materials
Male SD rats, weighing 150±5g, were purchased from Beijing
Vital River Company. Corn oil was from Carafour Supermarket.
Xanthan gum and maltose were from Beijing Chemical Agent
Company. Edible alcohol was from Beijing General Alcohol
Brewing Company. Carbonyl iron and pirazole were from
Sigma, USA. First antibody to type I collagen, type IV collagen
and laminin were from Antibody Diagnostic Inc, ADI, USA.
PV-6001 Kits were from Power Vision, USA. ZLI-9030 and
ZLI9001 were from Beijing Zhongshan Company.

Methods
Fifty-six rats were divided into normal(6), 4 d(8), 2 w(8), 4 w
(10), 9 w(12), 11 w(12) groups.
     ALD model was induced by intragastric infusion of a
mixture made of alcohol (5 g/d·kg), pirazole (30 mg/d·kg),
corn oil (3 ml/d·kg), carbonyl iron (35 mg/d·kg, which was
decreased to 15 mg after 4 w), a little xanthan gum and maltose
once a day for 5 days consecutively, with 2 days off per week,
until 9 w. The rats were fed with normal diet and water ad libitum.
      The rats were executed at the end of 4 d, 2 w, 4 w, 9 w and
11 w, respectively. Harvested livers were split and fixed for
electron microscopy, hematoxylin and eosin, and Masson
complex staining. A portion was snap frozen for biochemical
and molecular analysis. Histological analysis of each liver was
undertaken. Further sections were cut from each liver,
deparaffinized and subjected to amylopsin antigen retrieval
before being immunostained  with primary antigen and second
envision agents for types I and IV collagen and laminin. Semi-
quantitive computation of types I and IV collagen and laminin



was done by the image analyzing system MIS-2000, which was
from 3Y Company, USA. The slides for electron microscopic
examination were made according to routine protocol, sub-
cellular morphology was investigated and photographed under
JEM-1200EX (80KV).

Statistics
SPSS Version 10.0 was used. All values were expressed as
mean ±SD. One-way ANOVA was used to determine the

significance of differences among the six groups. P<0.05 was
considered statistically significant.

RESULTS

HE staining
Normal hepatocytes in neat plates, had big and round nuclei,
with a clear profile. Hepatocytes in Four d group became
swollen and turbid, or balloon denatured. Sinus stricture was

Figure 1  Changes of hepatocytes after HE staining. A: normal HE, B: 4 d HE, C: 4 w HE.

Figure 2  Changes of hepatocytes after Masson staining. A: normal Masson, B: 4 w Masson, C: 11 w Masson

Figure 3  Changes of hepatocytes observed by electron microscopy. A: fatty vesicle in hepatocytes, B: activated HSC and fibril, C:
sinusoidal endothelium and basement, D: endothelium,less fenestrae.
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Figure 4  Changes of type I collagen after immunohistochemical staining. A: col-I Normal group, B: Col-I in 4 w group, C: Col-I in 9 w group.

Figure 5  Changes of type IV collagen after immunohistochemical staining. A: col-IV Normal group, B: Col-IV in 4 d group, C: Col-
IV in 2 w group, D: Col-IV in 4 w group, E: Col-IV in 9 w group, F: Col-IV in 11 w group.

Figure 6  Changes of laminin after immunohistochemical staining. A: laminin Normal group, B: Laminin in 4 d group, C: Laminin
in 4 w group, D: Laminin in 9 w group, E: Laminin in 11 w group.
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evident. Hepatocytes in 2 w group showed bridging balloon
denaturation at around-lobules and portal area, dot necrosis
and congregating inflammatory cells could be seen. Four w
group exhibited evident hepatocytes coagulation necrosis,
mesenchymal cells hyperplasia, broadened portal area with
fibrosis. In the Nine w group Mallory body and widespread
fatty vesicle denaturation in hepatocytes, piecemeal necrosis,
congregating inflammatory cells and fibrosis could be seen.
Eleven w group had denatured hepatocytes and a little necrosis,
hepatic stellate cells showed dark nuclei (Figure 1. A, B, C)

HE-masson staining
Normal group showed very light stain of the basement of
central veins of lobules, Which was mildly evident in blood
vessels at the portal area. Four d group showed more evident
stain of central vein basement, parts of the hepatocytes were
surrounded by gridding-like stains. Two w group showed more
gridding-like stains. In 4 w group almost all hepatocytes were
surrounded by gridding-like fibrosis and thicker basements of
central veins were seen. Thick fibers in portal area bridged
with those in hepatic lobules. The fibrotic changes in 9 w group
deteriorated. In 11 w group the gridding-like fibrosis slightly
ameliorated, but no evident changes were seen in central veins
and portal areas (Figure 2. A, B, C).

Electron microscopic examination
Normal hepatocytes had round and clear nuclei, many
microvilli extended to touch sinusoidal endothelial cells, or
encircle hepatic stellate cells. Its mitochondria presented oval
profiles and clear crests. Sinusoidal endothelial cells had many
fenestrae and flat nuclei, without obvious basement and fibril
underneath. HSC showed tight nuclear chromatin, few in
number, and without fibril surrounded by. As modeling going
on, the microvilli of hepatocytes became swollen and broken,
rough endoplasmic reticulum showed turbulence, mitochondria
became swollen and crest broken. The nuclei of sinusoidal
endothelial cells became darker and thicker, nuclei chromatin
grew crassitude. Fewer fenestrae and basement could be seen
under which a large amount of fibrils was found. HSC proliferated
actively, with nuclear chromatin turned into crassitude, and
lots of fibril surrounded lay (Figure 3. A, B, C, D).

Table 1  Dynamic changes of types I and IV collagen and
laminin (x±s)

Group        Type I Collagen       Type IV Collagen         Laminin

Normal         0.2874±0.0224     0.3421±.0217          0.2263±0.0010

4 d          0.2811±0.0151     0.2907±0.0109a       0.2975±0.0034a

2 w          0.2912±0.0122     0.2463±0.0062a       0.2962±0.0048a

4 w          0.3853±0.0401a     0.3165±0.0049a        0.3336±0.0091a

9 w          0.4262±0.0992a     0.3202±0.0039a         0.3523±0.0108a

11 w          0.3734±0.1239a     0.3249±0.0119         0.3549±0.0120a

aP<0.05 vs normal.

Immunohistochemical staining
The content of type I collagen grew gradually from Two w
and reached the peak in Nine w. After 2 week recovery, it
dropped a little in 11 week but was still higher than that of
normal rats (Figure 4. A, B, C).
      The content of type IV collagen in normal rats was moderate,
but it rapidly decreased after the infusion of alcohol mixture,
and was sustained at a low level during the course of modeling.
However, it recovered in Eleven w (Figure 5. A, B, C, D, E, F).
     There were few positive stains of laminin in normal rats,
but as soon as the modeling began, its content increased rapidly,

maintaining at high levels during the course, and did not return
to normal in 11 w group, but much higher than that of normal
rats (Figure 6. A, B, C, D, E, Table 1).

DISCUSSION
The viewpoints[1-3] that moderate drinking might be beneficial
to heart and vascular system or might improve the ability of
senior citizens to cognize imply that the disadvantages of
alcohol have not been sufficiently recognized. Investigations
on pathological changes of mild and moderate drinkers in the
liver, especially capillarization and peri-sinusoid fibrosis are
not so profound.
      Alcohol abuse has become a severe problem in China. The
modeling method for the purpose of ALD research is one of
the key factors. ALD may be formed in more than 10 or even
20 years, meanwhile have been found many differences due
to their various genotypes[4,5]. As to modeling, pure alcohol
intake was difficult in inducing a successful model in a relative
short period of time[6]. Tsukamoto-French model can do so by
means of consecutive infusion of alcohol into stomach through
a gastric fistula and does not need quite a long time, but it is
complicated and expensive. At present the most widely used
method of modeling is “gavage” of alcohol[7,8]. In order to make
a model in a relative short period of time, other assisting
materials besides alcohol must be added to promote the
pathological progress. But the materials added should be of
or about the same mechanism as that of alcohol, and the
contents of them have to be restrained in order not to overcome
alcohol. The core is whether the model has similar pathological
changes to ALD and suitable for drug researches, whether it
can illustrate the mechanism of treatment so to serve clinic
investigation reliably.
     The mechanism of ALD has been thought to have a close
relation to many factors such as lipid peroxidation[9],
endotoxin[10-13], acetaldehyde and immunological injuries it
induced[14-16], gender[17], sediment of iron[18-25], free radicals[26],
etc. Analysis[27] of alcohol-responsive genes showed that
alcohol might injure the liver omnidirectionally, causing not
only fatty liver, necrosis and inflammation, hepatocyte
apoptosis and hyperhomocysteinemia, but also turbulence in
glucose metabolism and DNA damages, etc. It has been
recognized that the occurrence of fibrosis induced by alcohol or
other factors is due to the activation of hepatic stellate cells[28-41].
All materials added besides alcohol such as iron, polyunsaturated
fatty acid and endotoxin during modeling should be designed
to strengthen the common mechanism. Our model accepted
iron as an additive to promote the course of lipid peroxidation.
Corn oil had similar functions. Pirazole could delay the course
of alcohol to be cleared from plasmid. Meanwhile we used
pirazole to cause or promote blood stasis and flatulence of the
intestinal tract, this might be due to its stimulating effect on
local mucosa. It needs more evidences to say that pirazole can
promote endotoxin absorption. But whether the fibrosis model
induced by alcohol and CCI4 is suitable for ALD research
should be under further observation[42].
    Some researchers reported[43] that capillarization, peri-
sinusoid fibrosis and gridding-like fibrosis were typical
morphological changes in alcoholic cirrhosis of human beings
which are rather different from that of fibrosis or cirrhosis
induced by virus infection, yet we do not know whether it
would happen in average moderate drinkers, and how the
extracellular matrix was involved in changes of types I and IV
collagen and laminin. Since there was no unification about the
species of rats, the dosage of alcohol and additives used during
modeling, we introduced a model established by intragastric
infusion of a new mixture of alcohol for 9 weeks consecutively
and studied the dynamic changes of types I and IV collagen as
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well as laminin, in order to find out whether this model was
suitable or not for ALD research[44,45].
      The end products of alcohol in the liver include acetaldehyde
and hydroxy free radicals which can injure hepatocytes and
activate lipid peroxidation. Phagocytes are susceptible to the
course, and would excrete many cytokines such as TNF-α,
TGF-β1, which in turn activate hepatic stellate cells. Activation
of HSC is the key event of various kinds of fibrosis. We found
in this model, however, as modeling going on, the pathological
changes of hepatocytes and fibrosis were gradually
deteriorated, The rats in 2 w group were low in spirit with hair
standing and diarrhea, the rats in 4 w group became worse and
even died. However, because of sustained alcohol intake, after
4 w the rats seemed to get better in spirits and activities,
implying that they might develop some mechanisms to adapt
to alcohol intake.
     In this model we found that the pathological changes of
hepatocytes, HSC, endothelia under electronic microscopy, HE
stain, HE-masson complex stain were consistent with that of
ALD in human beings. Histological analysis showed that the
degree of fibrosis was stages I-II[46,47]. This model may be a
good representative of average moderate drinkers who have
extensive mild pathological injuries of the liver. Our study
may provide some clues for investigation about mild and
moderate drinkers in clinic.
     Capillarization was a process in which the liver sinusoid
became consecutive capillaries with evident basement around.
The morphological changes mainly included decreased
fenestrae in number or even disappearance in endothelia, and
the formation of evident basement[48-51]. The progression of
fibrosis was directly linked to the activation of HSC, and always
companied by the activation of matrix metalloprotenase2
(MMP-2), without strong expression of the family of tissue
inhibitor of matrix metalloprotinases(TIMPS) which was
usually observed at the primary stages of fibrosis. Capillarization
might not be always stably formed. Our observation demonstrated
this might be true, because the content of type IV collagen
was low and changed during the modeling, the basement might
be mainly composed of laminin. Some of the basements of the
liver sinusoid in the rats of 4 w and 9 w groups were not so
typical but indeed existed.
      The laminin content showed a consecutive high level during
the modeling, and did not return to normal even after 2 week
recovery. It implied that decomposition of laminin in this model
was slightly tough. It deserves further investigation in human
ALD. Thus MMP-2’s activity alone may not be able to promote
the reverse of capillarization.
     The content of type I collagen is less than that of type III
collagen in normal rats’ liver, but it is not so when fibrosis
occurs. In normal rats we saw few fibrils near the sinusoid, as
modeling going on, many fibrils appeared around sinusoidal
endothelial cells. We postulate that type I collagen may take
part in this course. Because most researchers believed that type
I collagen was not involved in the formation of basement
during capillarization. We conclude that the peri-sinusoid
fibrosis may be mainly composed of fibrils consisting of type
I collagen. Electron microscopic observation showed that peri-
sinusoid fibrils were not prone to decomposition after modeling
stopped. Immunohistochemical staining observation was
consistent with this.
      This model had stable alcohol intake during modeling, this
ensured less deaths but resulted in moderate pathological
changes. If we increase the content of alcohol intake after 4 w
and last it for a longer time, or do not reduce the content of
iron intake, there may be more severe injuries of the liver such
as cirrhosis, but also more dead animals would come forth
which may lead to modeling ending in failure. However, the
model still needs further improvements.
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Abstract
AIM: To develop a hepatocyte targeting pH-sensitive
liposome for drug delivery based on active targeting
technology mediated by asialoglycoprotein receptors.

METHODS: Four types of targeting molecules with galactose
residue were synthesized and mixed with pH-sensitive lipids
DC-chol/DOPE to prepare liposome with integrated property
of hepatocyte specificity and pH sensitivity. Liposome 18-
gal was selected with the best transfection activity through
cellular uptake experiment. Property analysis was made
through experiments of competitive inhibition of receptors,
red blood cell hemolysis, in vitro cytotoxicity test by MTS
assay and mediation of inhibitory effects of antisense
phosphorothioate ODN on gene expression, etc.

RESULTS: Liposome 18-gal had the desired properties of
hepatocyte specificity, pH sensitivity, low cytotoxicity, and
high transfection efficiency.

CONCLUSION: Liposome 18-gal can be further developed
as a potential hepatocyte- targeting delivery system.

Wen SY, Wang XH, Lin L, Guan W, Wang SQ. Preparation and
property analysis of a hepatocyte targeting pH-sensitive
liposome. World J Gastroenterol  2004; 10(2): 244-249
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INTRODUCTION
Previous studies have suggested a promising future of antisense
oligodeoxynucleotide (ODN) in the treatment of viral hepatitis[1-6].
However, as a polyanionic macromolecule, antisense ODN
has two major limitations: poor efficiency of cellular uptake
and rapid degradation. The realization of its in vivo biological
effect is accomplished under the mediation of liposome. In
recent years, with the advent of cationic liposome and active
targeting technology[7-10], liposome technology has been widely
applied in the transfer of antisense ODNs for its virtues of
high transfection efficiency, protection for the entrapped and
ease of chemical modification.
     The effectiveness of cationic liposome in the mediation of
antisense ODN transfer in clinical trials was reported[11-15], while
its deficiency lay in the lack of tissue specificity. To improve
the targeting property, active targeting technology based on
specific receptor-ligand recognition reaction has been applied.

Hepatocytes exclusively expressed large numbers of high
affinity asialoglycoprotein receptors which can recognize the
ligand molecules with galactose residues and mediate their
endocytosis[16-20]. In this study, four types of targeting molecules
bearing galactose residue were synthesized and mixed with
the pH-sensitive lipids DC-chol/DOPE to prepare liposome
with integrated property of hepatocyte specificity and pH
sensitivity.

MATERIALS AND METHODS

Chemicals and reagents
Chloroformylcholesterol, N,N-dimethylethylenediamine,
dioleoylphosphatidylethanol- amine, hydrolytic lactose were
purchased from Sigma Chemicals (St. Louis, MO), DC-chol
was synthesized according to the published methods[21].
Enzymes, vecters, luciferase assay system and Celltiter
96®AQueous non-radioactive cell proliferation assay test kit were
obtained from Promega Corp (Madison, WI). All other reagents
were analytically pure.

Plasmid and transgeneic cell line HepG2.9706[22]

pHCV-neo4 was constructed by cloning the complete 5’NCR
(non-coding region) and part C region of fusion protein of
Chinese HCV genome into pGL3 luciferase reporter vector in
which the start codon was deleted without frameshift. In pHCV-
neo4, the expression of luciferase gene could be suppressed
by blocking the HCV 5’ NCR. Transgenic cell strain HepG2.
9706 with permanent expression of luciferase gene was
constructed by selection of the transfected HepG2 cell with
pHCV-neo4 using G418.

Phosphorothioate oligodeoxynucleotide
Phosphorothioate ODN HCV363a (5’ GAG-GTT-TAG-GAT-
TCG-TGC-TCA-TG 3’) is a 23-mer sequence complimentary
to part of HCV 5’ NCR (noncoding region). HCV363s (5’
CAT-GAG-CAC-GAA-TCC-TAA-ACC-TC 3’) is the reverse
complimentary sequence to HCV363a. NSC (non-specific
control: 5’ GCA-GAG-GTG-AAA-AAG-TTG-CAT 3’) is a
random sequence with low homology to HCV5’NCR. The
oligonucleotides were synthesized with the automatic DNA
synthesizer (390Z, Applied Biosystems, Inc) and purified by
HPLC (Micro Pure II reverse phase column).

Synthesis of targeting molecule
Four types of amphiphilic glycolipid molecules (octodecyl
galactoside, octodecyl lactoside, cholesteryl galactoside,
cholesteryl lactoside) bearing galactose residues were
synthesized according to the published method[23,24] with some
modifications. Hydrophilic groups were galactose and lactose,
and hydrophobic groups were octadecanol and cholesterol.
Structure confirmation was made through element analysis,
nuclear magnetic resonance and mass spectrum (data not shown).

Preparation of liposome
Targeting molecule: DC-chol: DOPE (optimum:6:4 molar ratio)
was dissolved in the solvent mixture of ethanol/chloroform



(1:1 v/v), evaporated to a thin film in a rotating evaporator,
resuspended in the sterile PBS buffer (pH 7.4) and incubated
overnight at 4  with gentle stirring. The suspension was
sonicated in a bath sonicator for 30 minutes and passed
through a polycarbonate membrane (pore diameter 0.4 µm)
filter for sterility and granular uniformity. The particle size of
the liposomes was measured in a dynamic light scattering
spectrophotometer (LS-900, Otsuka Electronics, Osaka, Japan).
Lipid concentration in stock solution was determined by
phosphorus assay.

Plasmid transfection experiment
Cells (HepG2, GLC) were maintained in DMEM supplement
with 10% FBS at 37  under an atmosphere of 5% CO2 in air.
The cells were seeded onto a 96-well plate at a density of
104/well and cultivated in 0.2 mL DMEM supplemented with
10% FBS. After 24 h, the culture medium was replaced with
DMEM containing plasmid DNA/liposome complexes. Five
hours later, the incubation medium was replaced again with
DMEM supplemented with 10% FBS and incubated for an
additional period of 36 h. The cells were then collected and
washed with PBS buffer twice, mixed with 30 µL/well cell
lysis solution. Ten minutes later, 100 µL/well luciferase
substrate buffer was added and the light produced was
immediately measured using a luminometer. The activity was
indicated as the relative light units per mg protein. The protein
content of the cell suspension was determined by a modified
Lowry method using BSA as a standard. In the experiment of
competitive inhibiton of receptors, the galactose/glucose
solution was added 5 minutes before plasmid DNA/liposome
complexes, and all other procedures were the same. All assays
were performed in triplicate.

Red blood cell hemolysis experiment
A series of 0.1 mol/L PBS buffer with gradient pH value (4.0,
5.0, 6.0, 7.0, 8.0) were prepared. Eighty µL 1%(v/v) newly
prepared chicken red blood cell suspension and 20 µL plasmid
DNA/liposome complexes (1:5 wt/wt, lipid concentration:
0.5 µg/µL) were mixed in 100 µL 0.1M PBS buffer of different
pH value. The mixture was shaken at 37 , and an aliquot of
suspension was taken at the given time periods (10 min, 30 min
and 90 min), centrifuged at 1 000×g. Absorbance value of the
supernatant was measured at wavelength 540nm in a
photometer (Multiscan MS). Controls were set as follows:
Parallel control: 100 µL PBS buffer + 80 µL1%(v/v) RBC +
20 µL saline;
Negative control: 120 µL saline + 80 µL1% (v/v)RBC.

In vitro cytotoxicity assay
DNA/liposome (1:5 wt/wt) complexes were diluted with
DMEM supplemented with 2% FBS in an index gradient way
(index number: 2, initial lipid concentration: 0.5 µg/µL).
HepG2 cells were seeded onto a 96-well plate at a density of
104/well and cultivated in 0.2 mL DMEM supplemented with
10% FBS. After 24 h, the culture medium was replaced with
DMEM containing DNA/liposome complexes prepared, and
cells were incubated for an additional period of 24 h. Cytotoxicity
was evaluated by MTS assay according to the instructions of
Celltiter 96®AQueous non-radioactive cell proliferation assay
test kit, and commercially available cationic liposome
Lipofectin served as the control.

Delivery of phosphorothioate ODN to HepG2.9706 cells
Phosphorothioate ODNs were dissolved in DMEM at various
concentrations (0.2 µmol/L, 0.4 µmol/L and 0.8 µmol/L),
alone or in combination with liposome18-gal (octadecanol-
galactoside:DC-chol:DOPE 1:6:4) at a ratio of 1:5 (wt/wt).

The HepG2.9706 cells seeded onto a 24-well plate at a density
of 2×104/well were incubated in DMEM supplement with 10%
FBS. After 24 h, the culture medium was replaced with DMEM
containing phosphorothioate ODNs. Five hours later, the
incubation medium was replaced again with DMEM
supplemented with 10% FBS and incubated for an additional
period of 24 h. Then the activity of luciferase enzyme was
determined as in the plasmid transfection experiment.

RESULTS

Analysis of liposomal transfection efficiency and targeting
property
Four types of targeting liposomes (denoted as 18-gal, 18-lac,
chol-gal and chol-lac respectively) were prepared by mixing
glycolipids with DC-chol/DOPE in a molar ratio of 1:6:4,
respectively. A fixed amount of (0.4 µg/well) plasmid DNA
encoding a luciferase gene was complexed with these
liposomes at a ratio of 1:5 (wt/wt). Figure 1 shows the
expression of lucifease gene in HepG2 cells (liver cells) and
GLC cells (lung cells lacking asialoglycoprotein receptor)
treated with the DNA/liposome complexes. The transfection
activity of DC-chol/DOPE was similar in the two cell lines,
whereas the transfection activity of the targeting liposomes
was significantly higher in HepG2 cells than in GLC cells.
When compared with the transfection activity of DC-chol/
DOPE in HepG2 cells, there was a significant increase in that
of 18-gal (P<0.01) while a relatively significant decrease in
those of 18-lac and chol-lac (P<0.05), and no significant
difference was observed between those of chol-gal and DC-
chol/DOPE (P>0.05). In GLC cells, the transfection activity
of the targeting liposomes was significantly lower than that of
DC-chol/DOPE (P<0.05). These results suggested that the
addition of pooly soluble and electrically neutral glycoside
molecules could impaire the transfection activity of DC-chol/
DOPE to some extent. However, asialoglycoprotein receptor-
mediated internalization induced by targeting molecules with
galactose residues could specifically enhance the transfection
activity of targeting liposomes in HepG2 cells, especially that
of 18-gal.

Figure 1  Transfection activity of plasmid DNA/liposome com-
plexes in HepG2 cells and GLC cells. Four types of targeting
liposomes (18-gal, 18-lac, chol-gal and chol-lac) were prepared
by mixing the targeting molecules with DC-chol/DOPE at a
molar ratio of 1:6:4, respectively. A fixed amount (0.4 µg/well)
of plasmid DNA was complexed with liposomes at a ratio of
1:5(wt/wt). Each value represents x±s (n=3).

      The following experiments were performed with liposome
18-gal. To optimize the lipid composition, the molar ratio of
octadecanol-galactoside to lipid DC-chol/DOPE varied from
0:6:4 to 5:6:4. The liposomal transfection activity showed a
bell-shape dependence on the molar percentage of octadecanol-
galactoside in liposomal composition. The maximum gene
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expression (about 3 times that of DC-chol/DOPE) was observed
at the ratio of octadecanol-galactoside:DC-chol:DOPE 1:6:4
(Figure 2). When the molar percentage of octadecanol-
galactoside exceeded 20%, the colloidal solution was easy to
agglomerate into turbidity, and the liposomal tansfection
efficiency dropped significantly. Therefore, the maximum
molar proportion of octadecanol-galactoside in the liposomal
formula should not exceed 20 mol%.

Figure 2  Effect on liposomal transfection activity in HepG2
cells of molar ratio of octadecanol-galactoside (targeting
molecules) in liposome composition. The molar ratio of
octadecanol-galactoside to lipid DC-chol/DOPE varied from
0:6:4 to 5:6:4. A fixed amount (0.4 µg/well) of plasmid DNA
was complexed with liposomes at a ratio of 1:5 (wt/wt). Each
value represents x±s (n=3).

    A fixed amount of plasmid DNA (0.4 µg/well) was
complexed with liposome 18-gal (octadecanol-galactoside:DC-
chol:DOPE 1:6:4) in different ratios (1:2.5, 1:5, 1:10, 1:20
wt/wt) to treat HepG2 cells. The greatest gene expression was
achieved at the ratio of 1:5-1:10 (Figure 3).

Figure 3  Transfection activity of plasmid DNA/liposome com-
plexes at various ratios (wt/wt) in HepG2 cells. Liposomal com-
position was octadecanol-galactoside:DC-chol:DOPE 1:6:4
(molar ratio). Plasmid DNA amount was fixed at 0.4 µg/well
in all experiments. Each value represents x±s (n=3).

      To investigate whether the cellular uptake of liposome 18-
gal in HepG2 cells was partly mediated by asialoglycoprotein
receptors, the inhibitory effect of 20 mmol/L galactose solution
on the transfection activity of liposome 18-gal of different
compositions (the ratio of octadecanol-galactoside to DC-chol/
DOPE ranging from 0:6:4 to 2:6:4) was measured. As shown
in Figure 4A, the transfection efficiency of liposome 18-gal
was significantly inhibited (P<0.01, the mean inhibition rates
were 35%, 40% and 46% respectively) in the presence of
galactose, but not that of DC-chol/DOPE(6:4). On the other
hand, no significant difference was found in the gene expression
of DNA/liposome 18-gal complexes in the presence or absence
of glucose (Figure 4B).

Figure 4  Effect of copresence of 20 mmol/L galactose (A) and
glucose (B) on transfection activity of liposomes of different
composition in HepG2 cells. Cells were transfected with DNA/
liposome complexes in the presence ( ) and absence ( ) of
galactose or glucose. A fixed amount (0.4 µg/well) of plasmid
DNA was complexed with liposomes at a ratio of 1:5 (wt/wt).
Each value represents x±s (n=3).

Figure 5  Fusion of plasmid DNA/liposome complexes with
chicken hematocyte at various pH values.  DC-chol/DOPE
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6:4,  octadecanol-galactoside:DC-chol:DOPE 1:6:4, pPBS
buffer. Plasmid DNA was complexed with liposomes (lipid
concentration: 0.5 µg/µL) at a ratio of 1:5 (wt/wt). The release
of hemachrome was determined at 10 min (A), 30 min (B) and
90 min (C). Each value represents x±s (n=3).

Characterization of liposomal pH sensitivity
To characterize the liposomal pH sensitivity, plasmid DNA/
liposome complexes were mixed with chicken hematocyte in
different pH conditions, and release of hemachrome which
indicates cell membrane fusion was determined at 10 min,
30 min and 90 min. As shown in Figure 5, there was no
difference (P>0.05) at the release of hemachrome in the PBS
buffer of various pH values. They were close to the negative
control (the mean value of negative control: 10 min, 0.076;
30 min, 0.077; 90 min, 0.082). The membrane fusion of red
blood cells with DNA/liposome complexes was significantly
dependent on the pH value. There was a significant difference
between the release amounts of hemachrome in the intervals
before and after pH=6 (P<0.01).

In vitro cytotoxicity of liposome
The cytotoxicity of liposome 18-gal was tested and compared
with that of lipofectin. As shown in Figure 6, within lipid
concentrations of 0.5, 0.25, 0.125 and 0.0625 µg/µL, the
cytotoxicity of lipofectin was significantly higher than that of
liposome 18-gal and DC-Chol/DOPE at corresponding
concentrations, the latter two only demonstrated certain
cytotoxicity at the concentration of 0.5 µg/µL (about 25%). When
the concentration that generated 25% cytotoxicity (IC25) was
compared, the cytotoxicity of lipofectin was 16 (24) times higher
than that of the other two liposomes. This results confirmed that
DC-Chol/DOPE was a type of cationic liposome with low
cytotoxicity, and the addition of octadecanol-galactoside in the
liposomal formula did not increase the cytotoxicity.

Figure 6  In vitro cytotoxicity of cationic liposomes (  lipofectin,
 DC-chol/DOPE 6:4, octadecanol-galactoside:DC-chol:

DOPE 1:6:4). The DNA/liposome (1:5 wt/wt) complexes were
diluted with DMEM supplemented with 2% FBS in an index
gradient way (initial lipid concentration: 0.5 µg/µL). Each value
represents x±s (n=3).

Assessment of liposomal activity in mediating phosphorothioate
ODNs delivery
HepG2.9706 cells were treated with phosphorothioate ODNs
at different concentrations (0.2, 0.4 and 0.8 µmol/L), alone or
in combination with liposome 18-gal. As shown in Figure 7,
within the range of 0.2-0.8 µmol/L, HCV363a/18-gal complexes
had a significantly dose-dependent inhibitory activity on the
expression of luciferase gene, and the inhibition rate was 31%,
43% and 54% respectively. HCV363s/18-gal complexes
showed stimulating effects on gene expression to some extent.
The stimulating effects of sense oligonucleotides on gene
expression were also reported by other researchers[25,26], but

the cause has been unclear. NSC/18-gal complexes had
nonspecific inhibitory effects on gene expresson of no more
than 15%. Treatment with phosphorothioate ODNs alone
showed no inhibitory effects on the expression of luciferase
gene in HepG2.9706 within the concentration of 0.8 µmol/L.

Figure 7  Effects of phosphorothioate ODNs transfected by
liposome 18-gal on luciferase gene expression in HepG2.9706
cells. Phosphorothioate ODNs were dissolved in DMEM at
various concentrations (0.2 µmol/L, 0.4 µmol/L, 0.8 µmol/L)
and complexed with liposome18-gal (octadecanol-galactoside:
DC-chol:DOPE 1:6:4) at a ratio of 1:5 (wt/wt). Each value rep-
resents x±s (n=3).

     In addition, the effect of administration time on the inhibitory
activity of HCV363a/18-gal complexes was also investigated.
HepG2.9706 cells were consecutively treated 3 times with
HCV363a/18-gal complexes and the activity of luciferase
enzyme was determined each time 24h after HCV363a/18-gal
complexes were administered. As shown in Figure 8, the
inhibitory effects of HCV363a/18-gal complexes increased
with the administration time.

Figure 8  Effect of administration time on inhibitory efficiency
of HCV363a in HepG2.9706. Phosphorothioate ODN
(HCV363a) was dissolved in DMEM at various concentrations
(0.2 µmol/L, 0.4 µmol/L, 0.8 µmol/L) and complexed with li-
posome18-gal (octadecanol-galactoside:DC-chol:DOPE 1:6:4)
at a ratio of 1:5 (wt/wt). HepG2.9706 cells were consecutively
treated 3 times with HCV363a/18-gal complexes and the ac-
tivity of luciferase enzyme was determined each time 24 h af-
ter HCV363a/18-gal complexes was administered. Each value
represents x±s (n=3).

DISCUSSION
In the present study, we synthesized targeting molecules with
galactose residue and developed a novel formula for a
hepatocyte-targeting pH sensitive liposome. Liposome 18-gal
was selected with the best transfection activity that was greatly
mediated by asialoglycoprotein receptor in HepG2 cells. The
hepatocyte specificity of liposome 18-gal was confirmed by
the following facts: (1) There was a significant difference
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(P<0.01) in the transfection efficiencies of DNA/18-gal
complexes between HepG2 cells (liver cells) and GLC cells
(lung cells lacking asialoglycoprotein receptors). (2) Within a
certain proportion (<20 mol%), the addition of octadecanol-
galactoside greatly increased the transfection efficiency of DC-
chol/DOPE in HepG2 cells (maximum: about 3 folds). This
effect was significantly inhibited by galactose but not by
glucose. In comparison, the transfection activity of DC-chol/
DOPE was similar in the presence or absence of galactose or
glucose in HepG2 cells.
    In the presence of excessive proportion of targeting
molecules (>20 mol%, molar percentage in liposome
composition), the colloidal solution was easy to form turbidity,
and the transfection efficiency of prepared liposomes dropped
significantly. It was because that a large amount of electrically
neutral targeting molecules reduced the positive charge density
of cationic liposome. Studies with phospholipid containing
liposomes have shown that an increase in a glycolipid or
gangliosides greater than 10 mol% resulted in the solubility
of liposome into micelles. Due to the potential shielding of
the cationic lipid interaction with plasmid DNA by the
carbohydrate head group, a heterogeneous population of mixed
micelles could be generated at a high molar percent, thus
explaining the bell shaped curve for expression. The poor
solubility of glycoside molecules in organic solvent also affected
the preparation and property of liposome to some extent.
     pH-sensitivity is another important property of liposome,
which was considered as a mechanism to amass the enclosed
antisense ODN at the action site of cytoplasm[27-29]. In brief,
liposome is selectively uptaken by specific cells based on
active targeting mechanism. The pH sensitivity inducing the
liposomal escape from endosome/lysosome at low pH value
makes the entrapped antisense ODN release at cytoplasm to
take action. In the present study, the significant dependence
on the pH value of membrane fusion of chicken hematocytes
with DNA/liposome complexes confirmed the pH sensitivity
of the two liposomes, and the similarity of the two liposomes
in the memberane fusion experiment strongly indicated the
pH-sensitivity of liposome 18-gal as that of DC-chol/DOPE
which has been proved to be a pH sensitive liposome[30].
    Transgenic cell strain HepG2.9706 with permanent
expression of luciferase gene is a convenient cell model
purposely constructed to evaluate the inhibitory effect of
antisense ODNs on the HCV 5’ NCR. The comparison between
the effects on gene expression of phosphorothiote ODNs with
or without liposome 18-gal mediation showed that liposome
18-gal was highly efficient in mediating the delivery of
phosphorothioate ODNs into HepG2.9706 cells.
      In conclusion, the liposome 18-gal prepared in this study
has the desired properties of hepatocyte specificity, pH
sensitivity, low cytotoxicity, and high transfection efficiency.
It can be further developed as a potential hepatocyte-targeting
ODN delivery system.
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Abstract
AIM: Estradiol treatment regulates estrogen receptor (ER)
level in normal rat liver. However, little information is available
concerning the role of estrogen in regulating liver ER in
hepatic fibrosis in rats. The present study was conducted to
determine whether estradiol treatment in CCl4-induced liver
fibrosis of female and ovariectomized rats altered liver ERα
and its mRNA expression, and to investigate the possible
mechanisms.

METHODS: Seventy female rats were divided into seven
groups with ten rats in each. The ovariectomy groups were
initiated with ovariectomies and the sham operation groups
were initiated with just sham operations. The CCl4 toxic
fibrosis groups received 400 mL/L CCl4 subcutaneously at a
dose of 2 mL/kg twice weekly. Estrogen groups were treated
subcutaneously with estradiol 1 mg/kg, the normal control
group and an ovariectomy group received injection of peanut
oil vehicle twice weekly. At the end of 8 weeks, all the rats
were killed to detect their serum and hepatic indicators,
their hepatic collagen content, and liver ER and ER mRNA
expression.

RESULTS: Estradiol treatment in both ovariectomy and
sham ovariectomy groups reduced liver levels of ALT (from
658±220 nkat/L to 311±146 nkat/L and 540±252 nkat/L to
314±163 nkat/L, P<0.05) and AST (from 697±240 nkat/L to
321±121 nkat/L and 631±268 nkat/L to 302±153 nkat/L,
P<0.05), increased serum nitric oxide (NO) level (from
53.7±17.1 µmol/L to 93.3±24.2 µmol/L and 55.3±23.1 µmol/L
to 87.5±23.6 µmol/L, P<0.05) and hepatic nitric oxide synthase
(NOS) activity (from 1.73±0.71 KU/g to 2.49±1.20 KU/g and
1.65±0.46 KU/g to 2.68±1.17 KU/g, P<0.05), diminished
the accumulation of hepatic collagen, decreased centrolobular
necrotic areas as well as the inflammatory reaction in rats
subjected to CCl4. The positive signal of ER and ER mRNA
distributed in parenchymal and non-parenchymal hepatic
cells, especially near the hepatic centrolobular and periportal
areas. Ovariectomy decreased ER level (from 10.2±3.2 to
4.3±1.3) and ER mRNA expression (from 12.8±2.1 to 10.9±1.3)
significantly (P<0.05). Hepatic ER and ER mRNA concentrations
were elevated after treatment with estradiol in both
ovariectomy (15.8±2.4, 20.8±3.1) and sham ovariectomy

(18.7±3.8, 23.1±3.7) fibrotic groups (P<0.05).

CONCLUSION: The increase in hepatic ER and mRNA
expression may be part of the molecular mechanisms
underlying the suppressive effect of estradiol on liver fibrosis
induced by CCl4 administration.

Xu JW, Gong J, Chang XM, Luo JY, Dong L, Jia A, Xu GP.
Effects of estradiol on liver estrogen receptor-α and its mRNA
expression in hepatic fibrosis in rats. World J Gastroenterol
2004; 10(2): 250-254
http://www.wjgnet.com/1007-9327/10/250.asp

INTRODUCTION
The progression of various forms of chronic liver diseases is
more rapid in men than in women. This has been specifically
noted in hepatic cirrhosis and hepatocellular carcinoma[1-3].
The specific mechanisms underlying these clinical findings
are unclear. Hepatic fibrosis is a consequence of severe liver
damage, which occurs in many chronic liver diseases as a
forerunner to cirrhosis. We recently found[4] that estradiol
treatment inhibited the proliferation of hepatic stellate cells,
suppressed hepatic collagen content and reduced hepatic type
I collagen in fibrotic rats induced by CCl4 administration,
and thus improved liver fibrosis. The mechanisms of the
antifibrogenic effect of estradiol have been hypothesized by
an indirect way-a hepatocellular membrane protection and a
radical scavenging action.
     Chronic fibrotic diseases can differ from each other in
etiology. But, in terms of pathogenesis, they share some basic
common features[5]. For instance, three serious chronic
diseases-atherosclerosis, glomerulosclerosis, and liver fibrosis-
have many properties in common. Therefore, factors that affect
the development of atherosclerosis or glomerulosclerosis may
affect liver fibrosis by similar mechanisms. Studies showed[6]

that estradiol could suppress atherosclerosis and glomerulosclerosis
in rats by directly affecting the estrogen receptor (ER) on
smooth muscle cells and mesangial cells. The liver is not
considered as a kind of classic estrogen-dependent tissue, as
are the breast and uterus, but livers in both male and female
rats have shown to contain high affinity, low capacity of ER
and respond to estrogen by regulating liver function[7]. Previous
data have shown[4] that tamoxifen, an antiestrogen agent, acts
by occupying the estrogen-binding site of the receptor protein,
increases fibrogenesis in CCl4-induced fibrosis of the liver. It
was proposed that estrogen might suppress hepatic fibrosis
also by a receptor mechanism. In the liver, ERα is the dominant
form of ER, while the other subtype, ERβ, has not yet been
demonstrated[8]. Hence, only ERα would be further considered
in this paper.
     Previously published data indicated that 17 β-estradiol
treatment could regulate the levels of ER in normal rat liver[9].
However, little information is available concerning the role of
estrogen in the regulation of liver ER in fibrotic rats. The
present study was conducted to determine whether estradiol
treatment in CCl4-induced liver fibrosis of female and



ovariectomy rats altered the liver ER and its mRNA expression,
and to investigate the possible mechanisms.

MATERIALS AND METHODS

Animals
Seventy female Sprague-Dawley rats (obtained from the
Experimental Animal Holding Unit of Shaanxi Province,
China), weighing 209±19 g, with an average age of approximately
10 weeks, were housed in a temperature-humidity-controlled
environment with 12 h light-dark cycles (lights on from 07:00
AM to 19:00 PM) and had free access to food and water. They
were randomly divided into seven groups with ten rats in each.
Ovariectomy groups were initiated with a bilateral ovariectomy
and sham operation groups were initiated with just a sham
operation. For two CCl4 toxic fibrosis groups, with bilateral
ovariectomy (CCl4+Ovx) and sham operation (CCl4), 400 mL/L
CCl4 in peanut oil was injected subcutaneously at a dose of
2 mL/kg twice weekly, and the first dosage was doubled. The
two estrogen groups, with bilateral ovariectomy (CCl4+Ovx+E)
and sham operation (CCl4+E), were treated subcutaneously
with estradiol (benzoic estradiol) 1 mg/kg twice weekly (The
Ninth Pharmaceutical Factory of Shanghai, China). All of the
above four groups were fed with a modified high fat diet
containing 5 g/kg cholesterol and 200 g/kg pig oil. CCl4 and
estradiol were used 2 weeks after operation. A control
ovariectomy treated group (Ovx+E) was just given estradiol
1 mg/kg twice weekly. The normal control group (Control)
and an ovariectomy group (Ovx) were given normal food and
water, and received injection of peanut oil vehicle twice weekly.
At the end of a 8-week experimental period, all the rats were
fasted overnight and sacrificed by cervical dislocation after
anaesthetised by intramuscular injection of sodium pentobarbital
(40 mg/kg). Blood was collected from the animals and serum
was analysed. The livers were removed immediately.

Estimation of serum indicators and hepatic nitric oxide
synthase
Activities of serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were assayed by a 917-Hitachi
automatic analyzer. Serum nitric oxide (NO) and hepatic nitric
oxide synthase (NOS) were measured following the instructions
of the reagent kit (purchased from Jiancheng Medical Institute,
Nanjing, China).

Histopathological study
Tiver tissues excised from each rat were fixed in 100 mL/L
neutral formalin, embedded in paraffin, and stained with
hematoxylin-eosin (HE) and Masson’s trichrome. Evaluation
of hepatic fibrosis was determined by a semi-quantitative
method to assess the degree of histologic injury, applying the
following scores[10,11]: 0, absence of fibrosis; 1, perivenular
and/or pericellular fibrosis; 2, septal fibrosis; 3, bridging fibrosis
(incomplete cirrhosis); 4, complete cirrhosis.

Immunohistochemical examination for estrogen receptor-α
Liver tissue sections were mounted on slides, deparaffinized
in xylene, and rehydrated in alcohol. Estrogen receptor-α(ERα)
was assessed and semi-quantitated by immunohistochemistry
using a commercial antibody against ERα (Boster, Wuhan,
China) followed by DAB detection. For each sample, ten
random fields were evaluated for positively stained cells. The
results were expressed as the percentage of positive cells to
the total number of cells counted.

In situ hybridization for estrogen receptor mRNA of liver tissue
In situ hybridization kit was purchased from Boster Biological

Technology Limited Company (Wuhan, China, No. MK1069α).
In situ hybridization was performed according to the
manufacturer’s instructions. Briefly, the paraffin embedded
serial sections (thickness of 4 µm) were dried at 80 , and
their paraffin was removed by xylene and rehydrated with
graded ethanol. The sections were acidified in HCl for 30 min,
and blocked in 3 mL of 300 mL/L H2O2 for 10 min before
digestion in proteinase K for 30 min, and then dehydrated with
graded ethanol. After prehybridization at 37-40  for 2 h, the
labeled cDNA probes of ERα were denatured in hybridization
buffer at 95  for 10 min, then at -20  for 10 min, then
added into tissues prehybridized at 37  overnight. Sections
were washed in turn with 2×SSC, 1×SSC, 0.2×SSC, and Buffer
I, blocking water was added at room temperature for 20 min,
and then mouse anti-digoxin serum at 37  for 60 min,
biotinylated goat anti-mouse serum at 37  for 30 min, SABC
at 37  for 30 min, finally DAB was added to be stained.
After several times of washing, the sections were counterstained
with hematoxylin, dehydrated with ethanol, rinsed in xylene
and mounted with gum for microscopic examination and
photography. For each sample, ten random fields were
evaluated for positively stained cells. The results were
expressed as the percentage of positive cells to the total number
of cells counted.

Statistical analysis
Data were presented as x±s unless otherwise indicated. Mann-
Whitney u test for nonparametric and unpaired values,
Student’s t-test or Fisher’s exact test was used as appropriate.
Results were considered significant when P<0.05.

RESULTS

Estimation of serum indicators and hepatic nitric oxide
synthase
At the end of a 8-week experimental period, 5 rats died because
of infection at the site of injection and hepatic crack due to
improper handling. It was evident that CCl4 produced a marked
increase in the activities of serum ALT and AST in both
ovariectomy and sham ovariectomy rats. The extent of increase
was lower in sham ovariectomy group than in ovariectomy
group, but without statistical significance (P>0.05). CCl4

plus estradiol in both ovariectomy and sham ovariectomy
groups showed a significant decrease in enzyme levels.
However, they were still higher than those of control groups.
The enzyme levels in the ovariectomy and estradiol treatment
groups were similar to those in control group. The levels of
serum NO2

-/NO3
- and hepatic NOS activity increased

significantly in both ovariectomy and sham ovariectomy rats
when CCl4 was injected, especially in estradiol treatment
groups (Table 1). Ovariectomy itself had no influence on the
above parameters.

Table 1  Serum ALT, AST, NO2
-/NO3

- and hepatic NOS activity
(x±s)

Group  n         ALT           AST          NO2
-/NO3

-         NOS
         (nkat/L)    (nkat/L)       (µmol/L)        (KU/g)

Control 10      35.8±7.9     64.5±20.8      21.8±13.7      0.65±0.08
Ovx 10      31.6±6.5     66.4±18.3      19.3±11.2      0.54±0.33
Ovx+E   9      38.5±11.2    68.4±21.2      84.8±24.9ac    2.57±1.06ac

CCl4   9       540±252a    631±268a      55.3±23.1a       1.65±0.46a

CCl4+Ovx 10       658±220a     697±240a 
      53.7±17.1a     1.73±0.71a

CCl4+E   8       314±163c    302±153c      87.5±23.6c     2.68±1.17c

CCl4+Ovx+E   9       311±146c    321±121c      93.3±24.2c     2.49±1.20c

aP<0.05, vs control; cP<0.05, vs CCl4.
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Histopathological changes
The control livers showed a normal lobular architecture with
central veins and radiating hepatic cords. Prolonged administration
of CCl4 caused severe pathological damages such as fat
accumulation, inflammation, necrosis, and collagen deposition,
especially in ovariectomy group. Administration of estradiol
reduced the accumulation of hepatic collagen, decreased
centrolobular necrotic areas as well as inflammatory reaction
in rats subjected to CCl4. Semi-quantitative hepatic collagen
staging scores are shown in Table 2.

Table 2  Effects of ovariectomy and estradiol on histological
scores of CCl4 – induced hepatic fibrosis

           Hepatic fibrosis scores
Group  n

 - + ++ +++       ++++

Control 10 10 0  0   0    0
Ovx 10 10 0  0   0    0
Ovx+E   9   9 0  0   0    0
CCl4   9   0 2  2   3    1
CCl4+Ovxa 10   0 0  2   5    3
CCl4+Ea   8   0 4  2   1    0
CCl4+Ovx+Ea   9   0 5  2   2    0

aP<0.05, vs control.

Immunohistochemical staining and in situ hybridization for
estrogen receptor-α
By immunohistochemical detection, the positive signal of ERα
as brown particles was scattered or diffused only in cytoplasm
other than in nuclei of parenchymal (hepatocytes) and non-
parenchymal hepatic cells, especially near the hepatic
centrolobular and periportal areas. The positive signal of in
situ hybridization for ERα mRNA also showed brown particles,
and distributed in cytoplasm and partly in nuclei (Figure 1).

Figure 1  ERα and ERα mRNA in female rat liver.

     It showed that livers of female rats contained ER, and
ovariectomy decreased ER level and ER mRNA expression
significantly (P<0.05). Treatment with estradiol at a high dose
restored the liver ER and ER mRNA levels. CCl4 administration

in control and ovariectomized groups was associated with an
increase in ER level and ER mRNA expression, but the
difference was not significant in control group (P>0.05).
Hepatic ER and ER mRNA concentrations were elevated
significantly after treatment with estradiol in CCl4 induced
fibrotic rats (P<0.05, Figures 2 and 3).

Figure 2  Positive signal of ER in female rat liver (Immunohisto-
chemistry staining PAP method, magnification ×400). 2A: CCl4

group, 2B: Estradiol treatment group shows increased ER ex-
pression compared with 2A.

Figure 3  Positive signal of ER mRNA in female rat liver (in
situ hybridization staining, SP method, magnification ×400).
3A: CCl4 group, 3B: Estradiol treatment group shows increased
ER mRNA expression compared with 3A.
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DISCUSSION
Hormone receptors are generally down regulated by high
concentrations of their own ligands. This also seems to be the
case with ER in reproductive tissues such as the uterus, ovaries,
and mammary glands where estrogens are involved in cell
growth and differentiation[12]. In the liver, however, ER has an
entirely different function and the hepatic responses to
estrogens appear to require high concentrations of estrogens.
Some data indicated[9] that treatment with a low (physiological)
dose of estradiol could increase ER and ER mRNA in livers of
male rats. But the regulation of hepatic ER and ER mRNA in
female rats by estrogen has been reported differently[13,14]. The
majority of studies concerning estrogenic effects have been
performed in ovariectomized female rats. Some data showed[15]

that hepatic sinusoidal endothelial cell and Kupffer cell in the
livers of female rats contained ER, and they were decreased
by ovariectomy. Long-term treatment of 17β-estradiol elevated
the level of ER in hepatic sinusoidal endothelial cell and
Kupffer cell in ovariectomized rats. On the other hand,
ovariectomy has also been reported to increase ER level and
decrease ER mRNA level in hepatocytes from female rats[12].
This is somewhat divergent to what was seen in this study,
where as ovariectomy decreased ER level and ER mRNA
expression in parenchymal and non-parenchymal hepatic cells
of female rats, and treatment with estradiol at a high dose
restored their levels. These observations confirmed a reported
increase in hepatic ER mRNA after estrogen treatment in
ovariectomized female rats[16]. An explanation for the
mechanism whereby hepatic ER was increased is difficult based
on our limited observations. It is possible that the effect of
estrogen-treatment on ER levels in ovariectomized female rats
was affected indirectly through the pituitary, or by increased
hepatic growth hormone receptors. Treatment with 17β-estradiol
in combination with growth hormone and dexamethasone was
reported to increase ER levels to eightfold, while estradiol
treatment alone had a minimal influence on them in cultured
hepatocytes from female rats[12]. This may suggest that the
regulation of hepatic ER is under a more complex control
involving other factors.
      It has been shown[17] that prolonged alcohol abuse induced
a marked increase in ER levels in livers of both male and female
patients, especially in patients who had histological evidence
of acute liver damage (alcoholic hepatitis). As we know, CCl4-
induced hepatitis and fibrosis shared several characteristics with
human hepatitis and fibrosis of different etiologies[18-24]. In this
study, prolonged administration of CCl4 induced increases in
hepatic ER and ER mRNA expression in female rats, especially
in ovariectomized group. The increase extent of ER and ER
mRNA was correlated histologically with inflammation, fat
accumulation, necrosis, activities of serum ALT and AST, and
hepatic collagen diposition. As it is impossible to provide a
detailed explanation of the regulation of hepatic ER in normal
female rats, we can not establish whether the increase in ER is
due CCl4 administration in our study. Further investigations
are thus required to clarify this point. Within these limitations,
our data indicate that prolonged CCL4 administration can affect
ER levels and ER mRNA expression in female rat livers.
     In our study, hepatic ER and ER mRNA concentrations
were significantly elevated after treatment with estradiol in
CCl4-induced fibrotic rats, and the elevation of ER was
correlated with a marked decrease in hepatic damage and
fibrosis. It suggested that estradiol might suppress hepatic
fibrosis by a receptor mechanism. This finding has not been
reported previously[25,26] but is in line with the experimental
data obtained from cultured hepatic sinusoidal endothelial cells
in rats. In the experiment[27], ER was demonstrated in hepatic
sinusoidal endothelial cells, and estrogen increased NOS
activity and upregulated NO production in the cells through

an ER-mediated system, and then regulated the hepatic
sinusoidal microcirculation. It has been found that in the liver,
NO is produced by hepatic sinusoidal endothelial cells, Kupffer
cells, hepatic stellate cells and hepatocytes[28-32], and NO is
synthesized by NOS from L-arginine as a substrate[33,34]. It was
observed that endogenous NO could protect the liver from lipid
peroxidation, damage, and fibrosis[35]. In the present study,
estradiol treatment led to a paralleled increase in ER with serum
NO and hepatic NOS activity in fibrotic rats. These findings
suggest that in liver fibrosis, estrogen may promote NO
synthesis through hepatic ER, resulting in improvements of
liver damage and fibrosis in rats.
      The liver has been found to be extremely sensitive to the
action of sex hormones[4,26], estrogen-dependent regulation of
hepatic function could occur through ER present in the liver[7].
We demonstrated that administration of estradiol elevated
ER levels in hepatic fibrotic rats, and ER was distributed in
parenchymal (hepatocytes) and non-parenchymal hepatic cells,
especially near the hepatic centrolobular and periportal areas
where non-parenchymal cells were mainly located. Although
we could not identify the exact location of ER in hepatic cells
in the present study, we know that the high affinity ER in
Kupffer cells of rat liver could exhibit the same characteristics
as that presented in hepatocytes[15]. Therefore, estrogen may
modulate Kupffer cell function. Kupffer cells upon stimulation,
could produce mediators such as TNF, IL-6 and IL-10, and
therefore playing a central role in the regulation of CCl4-
induced liver injury and fibrotic progression[17,36-42].
     As is generally believed that the expression of specific
genes and cell responses to steroid hormones are related to the
amount of receptors, the increase in hepatic ER and its mRNA
as described in this paper may be part of the molecular
mechanisms underlying the suppressive effect of estradiol on
liver fibrosis induced by CCl4 administration.
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Abstract
AIM: To explore the effect of diabetic duration and blood
glucose level on insulin like growth factor 1 (IGF-1) gene
expression and serum IGF-1 level.

METHODS: Diabetes was induced into Sprague Dawley rats
by alloxan and then the rats were subdivided into different
groups with varying blood glucose level and diabetic duration.
The parameters were measured as follows: IGF-1 mRNA by
reverse transcriptase- polymerase chain reaction (RT-PCR),
IGF-1 peptide and serum IGF-1 concentration by enzyme-
linked immunosorbent assay (ELISA).

RESULTS: During early diabetic stage (week 2), in
comparison with normal control group (NC), IGF-1 mRNA
(1.17±0.069 vs 0.79±0.048, P<0.001; 1.17±0.069 vs
0.53±0.023, P<0.0005, respectively), IGF-1 peptide contents
[(196.66±14.9) ng·mg-1 vs (128.2±11.25) ng·mg-1, P<0.0005;
(196.66±14.9) ng·mg-1 vs (74.43±5.33) ng·mg-1, P<0.0001,
respectively] were reduced in liver tissues of diabetic rats.
The IGF-1 gene downregulation varied with glucose control
level of the diabetic state, and deteriorated gradually
further with duration of diabetes. By month 6, hepatic tissue
IGF-1mRNA was 0.71±0.024 vs 1.12±0.056, P<0.001;
0.47±0.021 vs 1.12±0.056, P<0.0005, respectively. IGF-1
peptide was (114.35±8.09) ng·mg-1 vs (202.05±15.73)
ng·mg-1, P<0.0005; (64.58±3.89) ng·mg-1 vs (202.05±15.73)
ng·mg-1, P<0.0001 respectively. Serum IGF-1 was also
lowered in diabetic group with poor control of blood glucose.
On week 2, serum IGF-1 concentrations were (371.0±12.5)
ng·mg-1 vs (511.2±24.7) ng·mg-1, P<0.0005, (223.2±9.39)
ng·mg-1 vs (511.2±24.7) ng·mg-1, P<0.0001 respectively. By
month 6, (349.6±18.62) ng·mg-1 vs (520.7±26.32) ng·mg-1,
P<0.0005, (188.5±17.35 vs 520.7±26.32) ng·mg-1, P<0.0001,
respectively. Serum IGF-1 peptide change was significantly
correlated with that in liver tissue (r=0.99, P<0.001).
Furthermore, No difference was found in the above parameters
between diabetic rats with euglycemia and non-diabetic
control group.

CONCLUSION: The influence of diabetic status on IGF-1

gene expression in liver tissues is started from early diabetic
stage, causing down regulation of IGF-1 expression, and
progresses with the severity and duration of diabetic state.
Accordingly serum IGF-1 level decreases. This might indicate
that liver tissue IGF-1 gene expression is greatly affected in
diabetes, thus contributing to reduction of serum IGF-1 level.

Li JB, Wang CY, Chen JW, Feng ZQ, Ma HT. Expression of
liver insulin-like growth factor 1 gene  and its serum level in
rats with diabetes. World J Gastroenterol  2004; 10(2): 255-
259
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INTRODUCTION
Insulin like growth factor-1(IGF-1) is widely present in tissues
of mammalian animals and has a number of bioactivities including
regulation of metabolism and enhancement of growth and
development of tissues[1-4]. Recently its research has attracted
much attention. IGF-1may probably be involved in metabolic
abnormality and complications associated with diabetes. Liver
might be the main source of circulating IGF-1[1,5]. Recent
studies have shown that there was early reduction in hepatic
tissue IGF-1 gene expression in experimental diabetes[6].
However, further investigation on it is lacking. Upon this basis,
we further explored the effect of chronic diabetic status on
liver tissue IGF-1 gene expression and IGF-1 concentration in
the circulation and hoped to help elucidating the pathogenesis
of diabetes related disorder of metabolism and complications
and lay a basis for premise of intervention.

MATERIALS AND METHODS

Diabetic animal model
Randomly selected Sprauge Dawley rats, weighing 180-200 g,
were injected ip, with alloxan saline solutions at a dose of
240 mg·g-1 body weight. Rats in non-diabetic normal control
group (NC group, n=28) were injected ip, with an equivalent
volume of saline solution[7]. After 48 hours, blood samples
were collected. Diabetic model was established in the rats
injected with alloxan, whose blood glucose concentration was
>20 mmol·L-1 (diabetic group, n=90). The mean glucose
concentration of the NC group was 5.14±0.91 mmol·L-1. The
diabetic group was reassigned into 3 subgroups (n=30 for each
group): ID-1 group [(4.93±0.72)-(4.88±0.67) mmol·L-1], ID-
2 group [(11.4±0.56)-(10.86±0.94) mmol·L-1] and ID-3 group
[(18.34±1.03)-(17.50 ±1.05) mmol·L-1] with sixteen rats in
each group based on glucose level regulated by pork regular
insulin combined with protamine zinc insulin (2:1) injected
subcutaneously. Both blood glucose level and aminofructose
level were regularly measured.

Measurement of liver tissue IGF-1 mRNA contents
After rats were anaesthetized, 1 g liver tissue of the rats was
taken. The total RNAs from the tissues were extracted by one-
step method[8,9]. Both quantity and purity of the RNA were
determined with the 752 spectrophometer. Through reverse
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transcription polymerase chain reaction (RT-PCR), tissue IGF-
1 mRNA was semi-quantitated. The RT-PCR kit was provided
by Promega Company (USA) and rat β-actin was used as an
internal standard[8]. According to IGF-1 gene sequence, we
designed RT-PCR IGF-1 upstream/downstream primer
sequences 5’ CTTTGCGGGGCTGAGCTGGT 3’, 5’
CTTCAGCGAGCAGTACA 3’, respectively. All the primers
were synthesized by Shanghai BioEngineer Company. The
following was optimal reaction condition: reverse transcription
at 48  for 45 min, denaturation of RNA/DNA hybrid and
inactivation of reverse transcriptase at 94  for 2 min. PCR
for 40 cycles, denaturation at 94  for 30 s, annealing at 60 
for 1 min, extension at 68  for 2 min, final extension at 68 
for 7 min. RT-PCR was performed on the Perkin Elmer (USA).
The RT-PCR bands were 184 bp IGF-1 cDNA and 357 bp β-
actin cDNA, respectively. Electrophoresis was carried out on 2%
agarose gel containing ethidium bromide and semi-quantitated
on the Gel DOC 1000 densitometry (Bio-RAD, USA). IGF-1
mRNA contents were calculated and expressed as cDNA relative
densitometric units (ratio of IGF-1 cDNA/β-actin).

Measurement of liver tissue IGF-1 peptide contents
One gram liver tissue was excised from each rat, then frozen
in liquid nitrogen and homogenized in a mortar. The
homogenates were extracted with 1 mmol·L-1 acetic acid
(precooled) and centrifuged. The supernatants were collected,
then mixed with 0.05 mmol·L-1 Tris·HCl (PH 7.8) to
neutralization and finally stored under -70  for future use[10].
An aliquot of the samples treated as above was taken to measure
both total protein content by Brodford method and IGF-1
peptide concentration by enzyme linked immunosorbent assay
(ELISA, Diagnostic Systems Laboratory, Inc.). DG-3022 type
A was used to measure IGF-1 concentration with a maximum
absorbance of 450 nm. IGF-1 tissue content was calculated
and expressed as IGF-1 ng·mg-1 total protein.

Measurement of serum IGF-1 peptide concentration
Serum samples from rat heart blood were frozen immediately
for future analysis. The samples were pre-treated before
assessment of IGF-1 peptide serum concentration (ng·ml-1) with
the methods used in ELISA[11].

Statistical analysis
Data values were presented as x±s. Significance of difference
between groups was analyzed by one-way analysis of variance,
nonparametric t’ pair test, Wilcoxon test and χ2 test. P<0.05
was considered statistically significant.

RESULTS

Blood glucose metabolic parameters
At the end of experiment, ID-I group and NC group had no
difference in glucose level, amino fructose level, and body
weight. Both blood glucose level and fructose level were
significantly higher in ID-2 group and especially in ID-3 group
when compared with NC group (P<0.0001). Significant
differences were also found in the above parameters between
ID-2 and ID-3 groups (P<0.0001). Within each group, there
was no significant difference in aminofructose level (Table 1).

Effects of diabetes on tissue IGF-1 gene expression
Two weeks after diabetic model was established, the liver tissue
IGF-1 mRNA contents (IGF-1 cDNA/β-actin cDNA) were
decreased in both ID-2 group (P<0.001) and ID-3 group
(P<0.0005) with a drop of 31% and 53% respectively. They
were further decreased with progression of diabetes. On month
6, in comparison with NC group, obvious differences were
shown in ID-2 group (P<0.0005) and ID-3 group (P<0.0001)
with a drop of 36% and 59%. Between the two diabetic groups
with poor diabetic control, ID-3 group had a significantly lower
IGF-1 level than ID-2 group. The drop was 5% and 6% at
week 2. Between group ID-1 and NC group, there was no
significant difference (Table 2, Figure 1).
       The change in tissue IGF-1 peptide content (IGF-1 peptide
ng·mg-1 total protein) nearly paralleled that in mRNA content.
At the 2nd week, compared with NC group, ID-2 group
(P<0.0005) and ID-3 group (P<0.005) showed a decrease of
32%, 62%, respectively. Both were further decreased over the
time course, with a drop of 34% and 65% by the end of the 6th
month (P<0.0001). A drop of 2% and 3% was found at week
2. ID-3 group had a significantly lower IGF-1 level than ID-2
group (P<0.001). There was no significant difference between
ID -1 and NC groups (Table 2).

Table 1  Glucose metabolic parameters during the experiment

Group Duration (month) n Initial weight (g)   Weight (g)         Blood (mmol·L-1)       Aminofructose (mmol·L-1)

NC 0.5 5    198.41±9.76 249.33±16.02   5.14±0.91       0.82±0.07

2 5    202.53±17.67 351.20±18.23     5.3±0.44       0.85±0.08

3 6    200.06±13.03 402.05±37.10   4.91±0.26       0.81±0.09

6 5    199.65±15.22 544.54±30.41   5.21±0.47       0.85±0.05

ID-1 0.5 5    196.25±14.22 254.31±20.97   4.93±0.72       0.79±0.05

2 4    202.34±19.12 345.75±23.48   5.10±0.62       0.84±0.08

3 5    196.42±11.41 411.31±47.37   4.88±0.67       0.78±0.06

6 6    198.68±12.64 538.52±31.62   4.94±0.58       0.84±0.07

ID-2 0.5 5    192.00±5.70 217.00±9.64a   11.4±0.56c       1.02±0.14c

2 5    199.00±16.73 241.00±16.44c 10.94±1.08c       1.00±0.29c

3 6    198.66±14.36 256.83±14.98c 10.86±0.94c       0.98±0.08c

6 5    201.37±14.11 266.24±13.53c 12.13±0.63c       1.10±0.14c

ID-3 0.5 5    208.60±13.08 205.75±15.34b 18.34±1.03ce       1.20±0.12ce

2 5    198.60±16.66 192.80±13.35cd 17.48±0.62ce       1.18±0.21ce

3 5    211.50±11.37 204.8±11.03ce 17.50±1.05ce       1.21±0.19ce

6 6    204.35±12.34 185.22±14.36ce 16.89±0.95ce       1.2±0.34ce

Data expressed as mean ±SD. NC, normal control group; ID-1,-2 ,-3, insulin treatment group. vs NC,aP<0.0025, bP<0.001, cP<0.0001; vs
ID-2 (for the same period), dP<0.001, eP<0.0001.



Figure 1  At month 6 of the experiment, liver tissue IGF-1
cDNA/β-actin mRNA RT-PCR product electrophoresis. (1:
Control group, 2: ID-1 group, 3: ID-2 group, 4: ID-3 group).

Figure 2  The trend of change in serum IGF-1, liver IGF-1
and mRNA over time course of DM(r1=0.99, P1<0.001; r2=0.966,
P2<0.001).

Serum IGF-1 concentration
At week 2, in comparison with NC group, ID-2 and ID-3
groups showed a significant decrease in serum IGF-1 level:
371.0±12.5 ng·mg-1, P<0.0005 and 223.2±9.39 ng·mg-1,
P<0.0001, a drop of 29% and 57%. By the sixth month, serum
IGF-1 level was further lowered in both ID-2 and ID-3 groups
[(349.6±18.62) ng·mg-1, P<0.0005; (188.5±17.35) ng·mg-1,
P<0.0001, respectively], with a fall of 33% and 63%. A drop of
4% and 6% was found at week 2. ID-3 group had a significantly

lower IGF-1 level than ID-2 group (P<0.001). There was no
significant difference between ID -1 and NC groups.

Relationship between changes in liver IGF-1 mRNA, peptide
and serum IGF-1 level
Correlation analysis showed that the trend of serum IGF-1
change was consistent with that occurred in liver IGF-1 peptide
(r1=0.99, P1<0.001), and IGF-1mRNA (r2=0.99, P2<0.001)
over the time course of diabetes (Figure 2).

DISCUSSION
The study made a preliminary exploration of the effect of
chronic diabetic status (e.g. long duration and different glucose
levels) on the hepatic IGF-1 gene expression and IGF-1
concentration of circulation.
      Insulin like growth factors (IGFs) have similar structures
and functions like those of insulin, and can be divided into
IGF-1 and IGF-2, the latter of which exerts its biological action
on embryonic development and growth. The action of IGF-1
peaks around puberty period and decreases gradually with
aging. IGF-1, a single polypeptide with 70 amino acids, was
widely expressed in mammal tissues[1,2]. In situ hybridization
and immunohistochemical techniques have proven the
presence of IGF-1 gene expression (IGF-1 mRNA and peptide)
in hepatic cells[5]. The liver was found to have the highest
concentration among all tissues and was probably the main
source of circulating IGF-1[1,5,12], which exert its effect by
binding to specific receptors on target cells in endocrine pattern.
Human IGF-1 gene is on the long arm of chromosome 12,
spanning a minimum of 90 kb which contains 6 exons. Exons
1 and 2 encode 5’untranslated region and amino residue terminal
end of IGF-1 peptide, 5’ end of Exon 3 encodes carboxyl terminal
end of IGF-1 signal peptide. The remaining exon 3 and the
main part of exon 4 encode mature IGF-1 peptide including
B, C, A, D domains. The 5’ end of the remaining exons 4, 5
and 6 encodes signal peptide and 3’ untranslated region. Human
exon 5 contains stop codon. Gene transcription initiates at exon
1 or 2, varying with tissue specificity. Growth hormone (GH)
might affect initiation activity of exon 1 and/or exon 2 to
regulate liver IGF-1 gene expression. Insulin may directly
regulate liver IGF-1 expression or indirectly by increasing the
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Table 2  Liver tissue IGF-1mRNA ,peptide contents and IGF-1serum concentration

Group              Duration (month) n Liver tissue mRNA contents* Liver tissue IGF-1 peptide (ng·mg-1)** Serum IGF-1 (ng·ml-1)

NC 0.5 5   1.15±0.09       196.66±14.9   511.2±24.7
2 5   1.17±0.069       198.13±15.25   544.6±22.4
3 6   1.12±0.056       202.05±15.73      525±30.2
6 5   1.14±0.066       197.11±12.55   520.7±26.32

ID-1 0.5 5   1.20±0.064         196.7±17.4      536±18.1
2 4   1.21±0.054         204.1±16.5   540.5±32.5
3 5   1.18±0.047       200.42±14.9   520.2±14.4
6 6   1.22±0.044       199.38±16.56 536.54±25.14

ID-2 0.5 5   0.79±0.048b         128.2±11.25c   371.0±12.5c

2 5   0.74±0.028b         121.3±7.27c   366.4±16.0c

3 6   0.71±0.024bh       114.35±8.09ci   353.5±22.4ce

6 5   0.68±0.035bh       110.38±10.57ci   349.6±18.62ci

ID-3 0.5 5   0.53±0.023cf         74.43±5.33df   223.2±9.39dc

2 5   0.49±0.016cf           67.4±6.07df   205.6±12.7dc

3 5   0.47±0.02dgj         64.58±3.89dgj   196.4±15.67dgj

6 6   0.44±0.08dgj         62.91±4.32dgj   188.5±17.35dgj

Data expressed as mean ±SD. *IGF-1relative mRNA contents: IGF-1 cDNA/β-actin cDNA, **tissue IGF-1peptide content:
IGF-1 ng·mg-1 total protein. ID-1,-2 ,-3 vs NC (for the same period): bP<0.001, cP<0.0005. dP<0.0001; vs ID-2 group (for the same
period): eP<0.025, fP<0.0025, gP<0.001; vs ID-2 (week 2): hP<0.05, iP<0.01; vs ID-3 (week 2): jP<0.01.
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number of GH receptors on hepatic cells. Nutritional state and
corticosteroid hormones have been found in factors influencing
IGF-1 gene expression[1,5].
     In our study, liver tissue IGF-1 gene expression was
significantly downregulated in rats with poorly controlled
blood glucose (ID-3 and ID-2 groups), as compared to that in
rats with normally controlled blood glucose (ID-1 group).
Among them, the rats with a higher blood glucose (ID-3)
showed more abnormal IGF-1 than those with a relatively low
blood glucose (ID-2), the severity of which varied with levels
of blood glucose. We continued the observation of the rats
with the same level of blood glucose for 6 months after 2 weeks
and found that the liver tissue IGF-1 gene expression was
gradually decreased with the time course in the rats with
hyperglycemia, especially severe hyperglycemia. This showed
its association with the progression of diabetes, but to a lower
degree. It may indicate the effect of chronic diabetic state on
IGF-1 gene expression is less significant than that of the
severity of blood glucose. However, the discrepancy in IGF-
1drop rate between the two conditions may reflect a fraction
of other tissue’s contribution to the circulating IGF-1.
     Our study, using RT-PCR technique, demonstrated the
early reduction in IGF-1 mRNA contents in liver tissues of
alloxan-induced diabetic rats, which was consistent with the
previous studies using Northern blot and RT-PCR[5,6]. However,
Veronica MC and Goya et al did not study the changes in liver
tissue IGF-1 protein and effect of different blood glucose level
and duration. We furthermore observed the effect of chronic
duration and different severity of hyperglycemia on hepatic
IGF-1 gene expressions. In our study, liver tissue IGF-1 gene
expression was significantly downregulated in the rats with
poorly controlled blood glucose (ID-3 and ID-2 groups), as
compared with the rats with normally controlled blood glucose
(ID-1 group). Among them, the rats with a higher blood
glucose (ID-3) showed more abnormal IGF-1 than those with
a relatively low blood glucose (ID-2), the severity of the
abnormality varied with the level of blood glucose. We
continued the observation of rats with the same level of blood
glucose for 6 months after 2 weeks and found that liver tissue
IGF-1 gene expression continued to go down gradually with
the time course in rats with hyperglycemia, especially severe
hyperglycemia. This showed its association with the progression
of diabetes, but to a lesser degree. It may indicate the effect of
chronic state on IGF-1 gene expression is less significant than
severity of hyperglycemia. We are the first to find this. We
also found that at translation level, hepatic IGF-1 peptide
changed in similar extent as that of mRNA content, indicating
the same effect of diabetic status on different translational level.
We also demonstrated that serum IGF-1 concentration had a
parallel change of hepatic tissue IGF-1. Thus further evidence
was provided that the liver might remain to be the main
endocrine source of IGF-1 in experimental diabetes. However,
the discrepancy in IGF-1drop rate between the two conditions
might reflect a fraction of other tissue’s contribution to the
circulating IGF-1. The IGF-1 down-regulation was prevented
when hyperglycemia was corrected by subcutaneous injection
of exogenous insulin, suggesting insulin might be a major
regulator of IGF-1 gene expression during diabetes and exclude
the possible direct influence of alloxan on IGF-1 gene expression.
       Diabetes could result in down-regulation of gene expression,
the major factors of which might be insulin secretion deficiency
and/or its resistance. Some studies showed that tissue IGF-1
gene expression might be affected by systemic or local factors
or both in diabetes, i.e. decrease of GH receptors in target cells
and its binding affinity[13], and by reduced or absent pulsatile
pattern secretion of GH, metabolic abnormality of insulin like
growth factor binding proteins (IGFBPs)[6,14], negative nitrogen
balance[15,16] etc. All these may probably lead to a decline of

IGF-1. However, the deficiency of insulin or insulin resistance
might be the main cause of IGF-1 gene downregulation[1,17]. In
diabetes, IGF-1 in most tissues were down regulated at different
degrees, varying with specific tissues[1,5,18,19]. In the liver it was
down regulated[1,6]. Insulin that corrects hyperglycemia can
correct the abnormal IGF-1 gene expression. Our study further
supported it. It is known that IGF-1 transcription started at
exons 1 and 2 regulated by different initiators and mRNA
products that varied in length and affluence with tissue
specificity[1,5,18]. The exact mechanism of insulin controlling
IGF-1 gene expression remains to be elucidated.
      We successfully established the animal model and found
that the hepatic tissue IGF-1 gene expression was down
regulated in the diabetic rats, the severity of which depended
on glucose level and duration of diabetes. Accordingly,
circulating IGF-1 was also decreased. The model established
in our experiment is expected to mimic human diabetic status
which will help us to interpret the role of IGF-1 in diabetic
state. Diabetes can lead to a fall in IGF-1 of endocrine origin.
IGF-1 it been found that has a number of bioactivities including
mediating action of growth hormone, increasing glucose taken
by tissues, inhibiting hepatic glycogenesis, improving insulin
sensitivity, decreasing oxidation of lipid, lowering free fatty
acids, increasing nucleotide synthesis, proliferation and
differentiation of cells[20-25]. These researches would inevitably
help understand the molecular pathogenesis of disturbances
of glucose, lipid, protein metabolism associated with diabetes,
diabetic peripheral neuropathy and diabetic foot[4,26-28] and
probably might provide the premise of future molecular
therapeutic intervention[29,30].
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Abstract
AIM: To determine if the T cell memory to HBsAg can persist
for a long time after hepatitis B (HB) vaccination.

METHODS: Thirty one vaccine recipients who were
healthcare workers (18 females and 13 males aged 34-58
years) from Utrecht University Hospital, Netherlands, and
had previously received a standard course of vaccination for
hepatitis B were investigated and another 9 unvaccinated
healthy volunteers from the same hospital were used as the
control. Blood samples were taken just before the experiment
to test serum anti-HBs levels and the subjects were classified
into different groups according to their serum titers of anti-
HBs and vaccination history. Their peripheral blood
mononuclear cells (PBMC) were isolated from freshly
heparinized venous blood and the proliferative response of
T lymphocytes to the recombinant hepatitis B surface antigen
(HBsAg) was investigated.

RESULTS: Positive serum anti-HBs was found in 61.3%
(19/31) vaccine recipients and a significant in vitro
lymphocyte proliferative response to recombinant HBsAg was
observed in all the vaccinees with positive anti-HBs. Serum
anti-HBs level 10 IU/L was found in 38.7% (12/31)
subjects. In this study, we specially focused on lymphocyte
proliferative response to recombinant HBsAg in those
vaccine recipients with serum anti-HBsAg less than 10 IU/L.
Most of them had received a standard course of vaccination
about 10 years before. T lymphocyte proliferative response
was found positive in 7 of the 12 vaccine recipients. These
results confirmed that HBsAg-specific memory T cells
remained detectable in the circulation for a long time after
vaccination, even when serum anti-HBs level had been
undetectable.

CONCLUSION: The T cell memory to HBsAg can persist
for at least 10 years after HB vaccination. Further booster
injection is not necessary in healthy responders to HB
vaccine.

Wang RX, Boland GJ, van Hattum J, de Gast GC. Long term
persistence of T cell memory to HBsAg after hepatitis B
vaccination. World J Gastroenterol  2004; 10(2): 260-263
http://www.wjgnet.com/1007-9327/10/260.asp

INTRODUCTION
Since the introduction of hepatitis B vaccination in the early
1980s, many epidemiological studies have been done to
determine the efficacy of the vaccine in eliciting protective
immunity against HBV infection. The antibody response to
HB vaccine has been found occurring in more than 90% of the
healthy vaccinees[1-15]. Kinetic studies showed serum anti-HBs
levels decreased with time following vaccination[5,9,14,16]. Several
demographic and behavioral factors have been found to be
associated with a lower rate of antibody response to hepatitis
B vaccine[17,18]. In a considerable percentage of vaccinated
persons the anti-HBs level was expected to drop to below
10 IU/L after 5-10 years[5,19,20]. The decline seemed to be
proportional to the antibody titer originally obtained[15,21]. The
necessity of implementing booster injections for those with
their anti-HBs levels less than 10 IU/ L has remained to be
determined[13,16,20,22,23].
      A correlation between in vivo antibody production and in
vitro T cell proliferative response following immunization with
HBsAg vaccine has been reported[24,25]. In previous studies we
demonstrated that the B cell memory to HBsAg persisted for a
long time after HB vaccination[26]. The purpose of this study
was to determine whether the HBsAg-specific T lymphocyte
memory could persist for a long time after HB vaccination
especially in vaccine recipients whose serum anti-HBs level
was less than 10 IU/L in an attempt to determine the optimal
policy of booster vaccination.

MATERIALS AND METHODS

Lymphocytes donor
Forty healthy healthcare personnel from Utrecht University
Hospital, the Netherlands participated in the study. Of them,
31 subjects (18 females and 13 males aged 34-58 years) had
previously received a standard course of hepatitis B vaccination
of 10 or 20 µg HB vaccine from Merck Sharp & Dohme, West
Point, PA, USA (MSD) or Smith Kline and Beecham (SKB,
Rixensart, Belgium) at 0, 1, and 6 months about 10 years before.
Another 9 unvaccinated healthy volunteers (5 females and 4
males aged 29-57 years) from the same hospital functioned as
the control.

Reagents
Recombinant HBsAg free of preservatives was a gift from
Merck Sharp & Dohme, West Point, PA, USA. Hepatitis B
vaccine used in vivo in the study was HB-Vax (MSD). Anti-
HBs levels were measured in the study by means of Ausab
EIA test (Abbott, Chicago, IL, USA).

Study protocol
The serum from all the volunteers was tested for HBV markers
and the subjects were classified into four groups according to
their serum titers of anti-HBs and vaccination history. Group
I, unvaccinated (n=9); group II, vaccinated and with anti-HBs

10 IU/L (n=12); group III, vaccinated and with anti-HBs
10-100 IU/L (n=6); group IV vaccinated and with anti-HBs
greater than 100 IU/L (n=13). The unvaccinated healthy



volunteers had no evidence of natural HBV infection
(negative in the detection of serum HBsAg, anti-HBc or anti-
HBs). Blood from all the subjects was collected, serum was
tested for anti-HBs levels and peripheral mononuclear cells
(PBMCs) were used for lymphocyte proliferation. All the
subjects from whom blood was drawn gave their written
informed consent for the study. This study was approved by
the Medical Ethical Committee of Utrecht Hospital, the
Netherlands, under No 92/82.

Cell culture and proliferation assays
PBMCs were isolated from freshly heparinized venous blood
by Ficoll-Hypaque density gradient centrifugation. Blood
samples were taken just before the experiment.
     PBMCs were suspended in RPMI 1640 culture medium
supplemented with 10% heat-inactivated pooled human AB
serum (Red Cross Blood Bank, Utrecht, the Netherlands),
25 mM HEPES, 2 mmol/L L-glutamine, 50 U/ml penicillin
and 50 µg/ml streptomycin. PBMCs (4×105 cells/well) from
each sample were prepared in 96-well U-bottom plates and
stimulated with different doses of HBsAg (10 ng/mL, 30 ng/mL,
100 ng/mL, 300 ng/mL and 1.0 µg/ml) for 7 days at 37  in
95% humidified air with 5% CO2. Concanavalin A (Con A) at
240 µg/ml, tetanus toxoid and diphtheria toxoid at 3.3 µg/ml
served as each sample’s positive control for lymphocyte
proliferation. Negative control cultures were made by
incubating cells in medium alone. During the final 18 h
incubation, the cells were pulsed with 1.0 µCi of (3H)-thymidine
per well. Sixteen to twenty hours after the cultures were
harvested onto glass filters using a multichannel cell harvester
the incorporated (3H)-thymidine was measured by liquid
scintillation counting. Since there were individual variations
in the concentration of maximal stimulation and 300 ng/mL
and 1.0 µg/ml of HBsAg gave the maximal stimulation and
the least variability in the triplicates, we chose the maximal
stimulation at the concentration of 300 ng/mL and 1.0 µg/ml
of HBsAg as the optimal result for each subject. Results were
expressed as net counts (the value of (3H)-thymidine incorporation
of HBsAg stimulation culture minus the value of (3H)-thymidine
incorporation of medium). A net count was considered positive
if the value of (3H)-thymidine incorporation was higher than
the average in the unvaccinated control group + 2 SD.

Statistical method
ANOVA and Mann-Whitney U-test were used to compare the
results between the different groups and the different
concentrations.

RESULTS
HBsAg-induced in vitro proliferative response in vaccinated
groups
The lymphocyte proliferation correlated with serum antibody
levels. The highest proliferative response was observed in those
vaccinated with serum anti-HBs greater than 100 IU/L (Table 1).

The difference of proliferative responses between those with
serum anti-HBs levels 10 IU/L and those with serum anti-
HBs level >10 IU/L was statistically significant (P=0.0022). The
PBMCs from the unvaccinated control group did not respond
to HBsAg (in comparison with those with serum anti-HBs
levels 10 IU/L, P=0.0093). As shown in Figure 1, neither
the proliferative response to diphtheria and tetanus toxoid, nor
the response to mitogen ConA did differ significantly between
groups I-IV.

Figure 1  T cell proliferation to HBsAg, ConA and Tet/diph
toxoid. The lymphocyte proliferation correlates with serum
anti-HBs levels. Neither the proliferative response to diphthe-
ria and tetanus toxoid nor to the mitogen ConA did differ sig-
nificantly between groups I-IV.

Table 2  Lymphocyte proliferation to HBsAg in vaccine recipi-
ents with anti-HBs serum levels 10 IU/L

Donor Sex  Time from Time of             Serum     Net count
   vacc. to vaccina-         anti-HBs

            testing (years)    tion             (IU/L)

  1   F                 12    1983   4            304
  2   F                 11    1984   9          2 387a

  3   M                12    1983   0          2 853a

  4   F                   8    1987   0          6 147a

  5   F                   3    1992   9        11 729a

  6   F                   9    1986   9          1 769a

  7   F                 11    1984   0          1 346a

  8   M                11    1984   0          2 587a

  9   M                  7    1988 10            254
10   M                12    1983   2            620
11   F                   8    1987   6            475
12   M                11    1984 10              73

aIf the net count of a subject was more than the net count of
unvaccinated control group + 2 SD, it was considered positive.
Abbreviation: F = female, M = male.

Lymphocyte proliferative response in vaccine recipients with
serum anti-HBs less than 10 IU/L
A positive lymphocyte proliferative response was observed in
7 of the 12 subjects with serum anti-HBs less than 10 IU/L.

Table 1  Lymphocyte proliferation to HBsAg in controls and vaccine recipients

Group  n anti-HBs Titer Net count              T cell       ConA     Tetanus +
      (IU/L)    (mean) proliferation positive          stimulation (mean ± SD)               diphtheria (mean ± SD)

1   9 unvaccinated         252a            0/9 (0%)  61 000±29 058   19 075±13 688
2 12 10      2 810a,b            7/12 (58%)  55 203±25 071   10 651±7 533
3   6 11-100      4 718b            6/6 (100%)  35 273±33 140   19 448±16 171
4 13 >100    12 167            13/13  40 668±20 695   21 266±17 025

net count = mean cpm of medium, aP-value of statistical comparison of net counts of group II (anti-HBs 10 IU/L) with group I
(unvaccinated control): P=0.0093, bP-value of statistical comparison of group II with group III + group IV (anti-HBs >10 IU/L):
P=0.0022 (Mann-Whitney).
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Compared with other groups (with anti-HBs >10 IU/L), the mean
proliferative response was lower. There was no correlation
between the presence of low anti-HBs titer (4-10 IU/L) or the
absence of anti-HBs ( 2 IU/L) with the proliferative response,
nor with the time from vaccination to testing (Table 2).

DISCUSSION
The humoral immune response to hepatitis B after vaccination
has been studied systematically. However, duration and the
quality of long term protection from HB infection in healthy
vaccinees remain a matter of discussion[1-8]. Especially the T
cell response to hepatitis B vaccine has not been fully
characterized. Several studies were performed to detect the
lymphocyte proliferative response in vitro with purified
HBsAg, recombinant HBsAg, preS1, preS2 and peptides of
HBsAg, but results were not consistent[26-29]. The immune
response to HBsAg in vitro was difficult to detect and might
not be detected in all vaccinated individuals[27]. T cell responses
in vitro after vaccination in individuals responding to
vaccination were significantly diminished after 12 weeks, a
time when the antibody response was still vigorous[30]. It has
been suggested that there were many variables such as
geometry of the wells, the quality of culture media and in
particular that of the added serum that influenced the assay
results. In addition, the number of cultured PMBCs and
duration of the culture might be important[24]. In our previous
experiments, we tested the influence of variables such as cell
density, culture time and dose of antigen for lymphocyte
proliferation. We observed that 1.0 µg/ml HBsAg, 4×105 cells/
well, use of human AB+ serum and 6 days of culture achieved
optimal results. These results confirmed the assay conditions
described by G. Leroux-Roels[8].
     To our knowledge, few reports have elucidated the long
term efficacy of hepatitis B vaccination on T- cell immunity.
In the past, a few groups have induced HBsAg-specific
lymphocyte proliferative response in culture of fresh PBMCs
from the individuals who were just vaccinated with hepatitis B
vaccine or received a booster dose during the experiment[24,30,31].
In our study 31 healthy persons (healthcare personnel)
volunteered to give blood to test the specific response to
hepatitis B. All of them were vaccinated several years ago.
Our data showed that a lymphocyte proliferative response to
HBsAg should be detected in vitro in all the vaccine recipients
with positive anti-HBs. This result further confirms that in
vivo humoral and in vitro cellular immune responses to
HBsAg are closely correlated. In addition, we found that the
HB vaccine has the capacity to stimulate the cellular immune
response in vitro.
     However, the most interesting group in our study was the
vaccine recipients with serum anti-HBs levels less than 10 IU/L.
We observed positive lymphocyte proliferative responses in 7
of the 12 subjects, although the maximal  proliferation was
lower than that in vaccine recipients with positive serum anti-
HBs. We previously reported that an immunological B cell
memory to hepatitis B after a vaccination existed in healthcare
personnel though serum anti-HBs titers were decreased with
time or not measurable in some cases[32]. The long term efficacy
of hepatitis B vaccination was also investigated in China and
it was found that the protective efficacy of hepatitis B
vaccination was still existed with a low risk of becoming a
carrier and a low serum level of neutralizing antibody even at
the time of 12 years after vaccination[9]. These findings suggest
that immunity can persist for a long time after vaccination even
when the serum antibody levels are below 10 IU/L. It is therefore
possible that the T cell immune response plays an important
role in protecting against hepatitis B virus infection and
becoming a carrier in the absence of antibodies, either directly

or indirectly by providing help to produce  antibodies.
      Our group previously showed a sensitive in vitro method
for the study of B cell memory to HBsAg[33]. A good correlation
between in vitro mitogen induced IgG anti-HBs spots and
immune memory after a booster dose of HB vaccination was
observed in naturally infected subjects and vaccine recipients.
Our results that 58% of the HB vaccine recipients with anti-
HBs 10 IU/L have kept lymphocyte proliferative responses
many years after vaccination could confirm that HB vaccine
not only induces humoral immunity but also cell-mediated
immunity and that T cell memory often persists longer than
serum anti-HBs titers.
    We conclude that T cell memory to HBsAg can be
demonstrated by lymphocyte proliferation many years after
HB vaccination, even in the majority of persons with serum
anti-HBs 10 IU/L. Booster vaccination in those persons is
probably not necessary as T cell memory is still existed, which
means that the protective antibodies will reappear rapidly or
that effector cytotoxic T cells can rapidly eliminate virus
infected hepatocytes after exposure to HBV. Our results are
of practical value because of high prevalence of hepatitis B in
Asia, especially in China.
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Abstract
AIM: Human zinc finger protein 191 (ZNF191) was cloned
and characterized as a Krüppel-like transcription factor, which
might be relevant to many diseases such as liver cancer,
neuropsychiatric and cardiovascular diseases. Although
progress has been made recently, the biological function of
ZNF191 remains largely unidentified. The aim of this study
was to establish a ZNF 191 transgenic mouse model, which
would promote the functional study of ZNF191.

METHODS: Transgene fragments were microinjected into
fertilized eggs of mice. The manipulated embryos were
transferred into the oviducts of pseudo-pregnant female
mice. The offsprings were identified by PCR and Southern
blot analysis. ZNF 191 gene expression was analyzed by
RT-PCR. Transgenic founder mice were used to establish
transgenic mouse lineages. The first generation (F1) and
the second generation (F2) mice were identified by PCR
analysis. Ten-week transgenic mice were used for
pathological examination.

RESULTS: Four mice were identified as carrying copies of
ZNF191 gene. The results of RT-PCR showed that ZNF 191
gene was expressed in the liver, testis and brain in one of
the transgenic mouse lineages. Genetic analysis of transgenic
mice demonstrated that ZNF 191 gene was integrated into
the chromosome at a single site and could be transmitted
stably. Pathological analysis showed that the expression of
ZNF 191 did not cause obvious pathological changes in
multiple tissues of transgenic mice.

CONCLUSION: ZNF 191 transgenic mouse model would
facilitate the investigation of biological functions of ZNF191
in vivo.

Li JZ, Chen X, Yang H, Wang SL, Gong XL, Feng H, Guo BY, Yu L,

Wang ZG, Fu JL. Establishment of transgenic mice carrying gene
encoding human zinc finger protein 191. World J Gastroenterol
2004; 10(2): 264-267
http://www.wjgnet.com/1007-9327/10/264.asp

INTRODUCTION
Transcriptional regulation is controlled through interactions
between DNA and protein complex, the latter contains
transcription factors with highly conserved protein motifs. The
most well known motifs are helix-turn-helix, helix-loop-helix,
and zinc finger. During cell differentiation and development,
each of these domains is involved in the binding of transcription
factors to their cognate DNA recognition sites, resulting in
specific activation or repression of gene expression[1].
      Zinc finger gene family belongs to one of the largest human
gene families and plays an important role in the regulation of
transcription. This large family may be divided into many
subfamilies such as Cys2/His2 type, glucocorticoid receptor,
ring finger, GATA-1 type, GAL4 type, and LIM family[2-4]. In
the Cys2/His2 type of zinc finger genes, there is a highly
conserved consensus sequence TGEKPYX (X representing any
amino acid) between adjacent zinc finger motifs. The zinc
finger proteins containing this specific structure are named
Krüppel-like zinc finger proteins because the structure was
first found in Drosophila Krüppel protein[1].
     ZNF191 is a putative transcription factor belonging to
Krüppel-like zinc finger gene family. It contains four Cys2/His2

zinc fingers in its C-terminus, and one SCAN box element (also
known as LeR domain for leucine-rich) in its N-terminus[5-7].
Biochemical binding studies showed SCAN as a selective
heterologous and homologous oligomerization domain[7,8].
Tissue mRNA analysis showed that ZNF191 gene was
ubiquitously expressed[5,9]. ZNF191 can specifically bind to
the TCAT repeats (HUMTH01) in the first intron of the human
tyrosine hydroxylase (TH) gene. HUMTH01 may regulate
transcription of TH gene, which encodes the rate-limiting
enzyme in the synthesis of catecholamines[9-11]. The disturbances
of catecholaminergic neurotransmission have been implicated
in neuropsychiatric and cardiovascular diseases[12-17]. These
studies suggested that ZNF191 might be relevant to these
diseases. Analysis of amino acid sequence of ZNF191 showed
94% identity with the murine sequence of ZF-12[18]. Mouse
ZF-12 gene likely represents the murine counterpart of human
ZNF191. ZF-12 also contains four zinc finger motifs of the
Cys2/His2 type and one SCAN box. ZF-12 mRNA is expressed
during embryonic development and in different organs in
adult[19]. ZF-12 may play an important role in cartilage
differentiation and basic cellular processes[19].
      To facilitate the functional studies of ZNF191, we established
transgenic mice carrying ZNF191 gene. Four transgenic mice
were identified by PCR and Southern blot, and used as founders
to establish transgenic mouse lineages. The results of F1
identification with PCR showed that ZNF191 gene could be
transmitted stably. RT-PCR analysis demonstrated that ZNF191
gene was expressed in multiple tissues of transgenic mice.



Pathological analysis results demonstrated that over-expression
of ZNF191 did not cause obvious pathological changes in
multiple tissues of the transgenic mice.

MATERIALS AND METHODS

Plasmid
pcDNA3-ZNF191 containing full length ZNF191 cDNA under
control of CMV promoter.

Animals
C57, CBA mice were maintained by Shanghai Nanfang
Research Center for Biomodel Organism. Transgenic mice
were raised and bred in the Laboratory Animal Centre of
Second Military Medical University, Shanghai.

Generation of transgenic mice
The 6.5 kb linearized pcDNA3-ZNF191 was purified from
agarose gel with QIAGEN gel extraction kit (Qiagen), adjusted
to a final concentration of 2 µg/ml in TE buffer and used as
DNA solution in microinjection. The first generation (F1) female
hybrids of C57 and CBA mice were hormonally superovulated
and mated with F1 male hybrids. The next morning fertilized
one-cell eggs were collected from the oviduct. The eggs were
microinjected with the DNA solution under a microscope. The
injected fertilized eggs were transplanted into the oviduct of
pseudo-pregnant F1 hybrids of C57 and CBA mice.

Identification of transgenic mice
Founder (G0) mice were identified by PCR and Southern
blotting analysis. For PCR analysis, genomic DNA was
extracted from tails, and amplified using pcDNA3-ZNF191
primers (P1: 5’-ATGCGGTGGGCTCTATG-3’; P2: 5’-
CGGCTTCCATCCGAGTA-3’) which produced a 1 353 bp
fragment from mice carrying the transgene. For Southern
blotting analysis, genomic DNA was digested overnight with
HindIII and subjected to electrophoresis in a 0.7% agarose gel
and transferred to nylon membrane (Millipore Co., Ltd).
Hybridization was performed under stringent conditions with
a random-primed (α-32P)-labeled ZNF191 cDNA probe.

Expression of transgene
One of the transgenic mouse lineages was used to study the
expression of transgene. Total RNA was isolated from tissues
with TRIzol reagent (Invitrogen), according to the manufacturer’s
instructions. After digestion of the RNA with DNase I (RNase
free), first strand cDNA was synthesized by reverse
transcription (Promega). RT-PCR reactions were performed
using primers (P3:5’-GTACTAGTAGAAGACATGGT-3’,
P4:5’-CGCACACAAAAGAACAAATCT-3’) for ZNF191
cDNA, which produced a 394 bp fragment. PCR reactions were
performed 35 cycles at 95  for 45 s, at 55  for 1 min, and
at 72  for 1 min. The PCR products were electrophoresed on
1.2% agarose gel.

Transmission of transgene
To study transmission of the transgene in mice, transgenic
founder mice were mated with normal C57 mice to produce
the first generation (F1) which was identified by PCR analysis
using primers P1/P2. F1 mice of the same founder carrying
the transgene were mated between brother and sister mice to
produce the second generation (F2). F2 mice were also
identified by PCR analysis.

Histological examination
Various organs were dissected from the 10 weeks old mice
and fixed in 10% formalin. Sections were obtained from

paraffin-embedded tissue samples, stained with H&E, and
examined under a microscope and photographed. Pathological
analysis was carried out in the Department of Pathology,
Changhai Hospital of Second Military Medical University,
Shanghai.

RESULTS

Establishment of ZNF191 transgenic mice
The transgene fragment containing full length ZNF191 cDNA
was microinjected into the male pronuclei of 582 fertilized
oocytes of F1 hybrids between C57 and CBA mice. The
injected eggs were implanted into the oviducts of 27 pseudo-
pregnant foster mothers, of which 15 mice became pregnant
and gave birth to 81 offsprings. Four offsprings were identified
to carry ZNF191 cDNA by PCR and Southern blotting analysis
(Figures 1 and 2). The ratio of transgene integration was 4.9%
by PCR and Southern blotting analysis.

Figure 1  PCR results in transgenic mice. M: DL-2000 Marker,
1: Negative control (wild type mouse), 2-5: Transgenic founder
mice, 6: Positive control (pcDNA3-ZNF191).

Figure 2  Results of genomic DNA Southern blotting analysis
in transgenic mice. 1: Negative control (wild type mouse), 2-5:
Transgenic founder mice, 6: Positive control (pcDNA3-ZNF191).

ZNF191 transgene expression in multiple tissues of transgenic
mice
The transgene was driven by CMV promoter. To study whether
it could be expressed in multiple tissues of transgenic mice,
we analysed the tissue expression profile of ZNF191 transgene
by RT-PCR. The results (Figure 3) showed that ZNF191 transgene
was expressed in the liver, testis and brain.

Figure 3  RT-PCR results in transgene expression. M: DL-2000
Marker, 1-3: Transgenic mice tissues, 4-5: Negative control
(non-reverse transcripted RNA), 6:C57 mouse liver, 7: Positive
control (pcDNA3-ZNF191).
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Genetics of transgenic mice
To establish transgenic mouse lineages, the founder mice were
mated to C57 mice to produce F1 mice. Among the 43 mice of
first generation, 19 were identified as carrying ZNF191 cDNA
transgene by PCR analysis. The ratio of transgene transmission
was 44.2%. F1 mice from the same founder were mated with
each other to produce F2 mice. Sixty-one out of 86 F2 mice
were ZNF191 transgenic mice, with a transgene transmission
ratio of 71%. These results showed that the inheritance of
ZNF191 transgene was in accordance with Mendel’s laws, and
the transgene was integrated into the chromosome at a single
site and could be transmitted stably.

Pathological analysis of tissues
Pathological analysis was carried out to see whether the
expression of ZNF191 transgene would cause any pathological
changes in tissues of the transgenic mice. The results (Figure
4) showed there were no obvious pathological changes in the
tissues examined. Therefore, so far as the tissues examined,
the expression of exogenous ZNF191 did not cause any
pathological consequences in the transgenic mice.

DISCUSSION
Cys2/His2 type zinc finger gene family is one of the largest gene
families, and each member has repeated zinc finger motifs
containing a finger-like structure, in which two cysteines and
two histidines could covalently bind to one zinc ion[20]. It is
estimated that in this huge family, about one third of the members
are Krüppel-like genes as characterized by the presence of highly
conserved connecting sequences “TGEKPYX” between

adjacent zinc finger motifs. Substantial evidences indicate that
Krüppel proteins are important players in many physiological
processes as transcriptional regulators. Krüppel-like zinc finger
genes are key transcriptional repressors in the development of
Drosophila. In mammalian animals and human, these genes
have been found involved in embryo development and
carcinogenesis. For example, KLF6 was reported as a tumor
suppressor gene in prostate cancer[21-23]. Gut-enriched Krüppel-
like factor (GKLF) was expressed abundantly in epithelial cells
of gastrointestinal tract, and deregulation of GKLF was linked
to several types of cancer[24-27].
     ZNF191 gene is a novel member of the Krüppel-like zinc
finger gene family. It was previously cloned from bone marrow
and promyelocytic leukemia cell line NB4 using homologous
PCR amplification with primers based on conserved sequences
of the Krüppel-like family of transcription factors[5]. This
first identification suggested that ZNF191 played a role in
hematopoiesis. ZNF191 has been found to contain a SCAN
domain mediating selective protein oligomerization[6-8]. ZNF191
specifically binds to HUMTH01 in vitro. The microsatellite
HUMTH01, located at the first intron of tyrosine hydroxylase
(TH) gene, is characterized by a TCAT repeated motif and has
been used in genetic studies of neuropsychiatric and cardiovascular
diseases, in which disturbances of catecholaminergic
neurotransmission were implicated[10-17]. Allelic variations of
HUMTH01 had a quantitative silencing effect on TH gene
expression in vitro, and correlated with quantitative and
qualitative changes in the binding by ZNF191[9]. Since TCAT
repeated sequence is widespread throughout the genome, this
phenomenon might be relevant to the quantitative expression
of several genes implicated in complex genetic traits, both

Figure 4  Morphology of tissues of transgenic mouse. A: Liver, B: Testis, C: Marrow, D: Brain, E: Kidney, F: Spleen.
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normal and pathological[28-31]. These studies suggested that
ZNF191 might be relevant to neuropsychiatric and cardiovascular
diseases. It is vital to have a transgenic or knock-out animal
model for the study of the biological role of ZNF191. So far,
the attempt to produce ZNF191 transgenic and knock-out mice
has not been reported. To our knowledge, we have generated
the first transgenic mice carrying ZNF191 transgene and ZF-
12+/- mice (to be reported in an other paper).
       In in vivo situation, ZNF191 transcript was found in various
organs[5,9]. Moreover, ZNF191 expression was significantly
up-regulated in liver cancer (personal communication),
suggesting that ZNF191 might be relevant to hepatocellular
carcinogenesis. In this study, ZNF191 transgene was expressed
in multiple tissues, which are capable of expressing endogenous
ZF-12 in vivo. Therefore, the ZNF191 transgenic mouse we
generated would be an invaluable animal model not only for
the investigation of ZNF191 functions in hepatic tissues, but
also in other tissues, which may ultimately reveal the undefined
biological functions of ZNF191.
      Given that ZNF191 has important biological functions and
is relevant to many diseases, it is somewhat unexpected that
no pathological changes occurred in the ten-week transgenic
mice with ZNF191 over-expression. It is possible that
overexpression of exogenous ZNF191 may trigger a negative
feedback response to the expression of endogenous ZF-12. It
remains to be determined whether the expression of endogenous
ZF-12 would change in cells overexpressing exogenous ZNF191.
On the other hand, liver cancer, neuropsychiatric and
cardiovascular diseases involve many factors and usually have
a long incubation time before any pathological phenotypes can
be observed. So, it is necessary to continue the investigation
into possible pathological changes in a long term follow-up.
     In conclusion, we reported here the successful generation
of a transgenic mouse model expressing ZNF191 gene. Future
studies should focus on the physiological and pathological
changes in this mouse model using powerful analytic methods
such as microarray comparisons of gene expression profiles
among normal, transgenic, ZF-12+/- and ZF-12-/- mice.
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Abstract
AIM: To evaluate the effects of depression on parameters
of cell-mediated immunity in patients with cancers of the
digestive tract.

METHODS: One hundred and eight adult patients of both
sexes with cancers of the digestive tract admitted between
March 2001 and February 2002 in the Department of Medical
Oncology, First Affiliated Hospital of Xi’an Jiaotong University
were randomly enrolled in the study. The Zung self-rating
depression scale (SDS), Zung self-rating anxiety scale
(SAS), numeric rating scale (NRS) and social support rating
scale (SSRS) were employed to evaluate the degree of
depression and their contributing factors. In terms of their
SDS index scores, the patients were categorized into
depression group (SDS 50) and non-depression group
(SDS<50). Immunological parameters such as T-lymphocyte
subsets and natural killer (NK) cell activities in peripheral
blood were determined and compared between the two
groups of patients.

RESULTS: The SDS index was from 33.8 to 66.2 in the 108
cases, 50% of these patients had a SDS index more than
50. Similarly, the SAS index of all the patients ranged from
35.0 to 62.0 and 46.3% of the cases had a SAS index above
50. Cubic curve estimation showed that the depression was
positively correlated with anxiety and negatively with social
support. Furthermore, the depression correlated with the
tumor type, which manifested in a descending order as
stomach, gallbladder, pancreas, intestine, esophagus,
duodenum and rectum, according to their correlativity. Step-
wise regression analysis suggested that hyposexuality,
dispiritment, agitation, palpitation, low CD56 and anxiety were
the significant factors contributing to depression. More severe
anxiety (49.7±7.5 vs 45.3±6.9, P<0.05), pain (6.5±2.8 vs
4.6±3.2, P<0.05), poor social support (6.8±2.0 vs 7.6±2.1,
P<0.05), as well as decline of lymphocyte count (0.33±0.09
vs 0.39±0.87, P<0.05) and CD56 (0.26±0.11 vs 0.29±0.11,
P<0.05) were noted in the depression group compared with
those of the non-depression patients. However, fewer obvious
changes in CD4/CD8 ratio and other immunological parameters
were found between the two groups.

CONCLUSION: Depression occurs with a high incidence in
patients with cancers of the digestive tract, which probably
is not the sole factor leading to the impairment of immunological
functions in these cases. However, comprehensive measures
including psychological support should be taken in order to
improve the immunological function, quality of life and clinical
prognosis of these patients.

Nan KJ, Wei YC, Zhou FL, Li CL, Sui CG, Hui LY, Gao CG. Effects
of depression on parameters of cell-mediated immunity in
patients with digestive tract cancers. World J Gastroenterol
2004; 10(2): 268-272
http://www.wjgnet.com/1007-9327/10/268.asp

INTRODUCTION
Cancers of the digestive tract continue to be one of the most
common malignancies in human worldwide[1-14], in which
gastric, esophageal, colorectal and liver cancers are among the
top ten malignant tumors in China and account for 63% of
total cancer mortality[11]. Depressive symptoms such as
pervasive senses of hopeless, helpless, valueless, despair, guilty,
punishment and self-deprecatory thinking are often found in
cancer patients. When severely enough, it may cause negative
effects on the antitumor therapy, immunological function,
prognosis, as well as the quality of life[15,16]. However, up to the
present, much attention has been paid to the effects of depression
on patients with several kinds of malignancies[17-20] except that
of the digestive tract. Besides, despite mounting evidence that
psychiatric depression heightens risk for cancerous morbidity
and mortality, little is known about the detailed mechanisms
responsible for this association, which is no doubt of importance
in the improvement of therapy for cancer patients.
     In the present study, we therefore investigated the effects
of depression on cell-mediated immunity and its contributing
factors in 108 patients with cancers of the digestive tract by
SDS[21] and other questionnaires, as well as immunological
parameters including T-lymphocyte subsets and natural killer
(NK) cell activities in peripheral blood, in an attempt to provide
evidence for the necessities of psychological therapy of these
cancer patients.

MATERIALS AND METHODS
Patients
One hundred and eight adult patients of both sexes with cancers
of the digestive tract including 24 esophageal, 36 gastric, 4
duodenal, 4 gallbladder, 4 pancreatic, 28 colonic and 8 rectal
cancer cases admitted between March 2001 and February 2002
in the Department of Medical Oncology, First Affiliated
Hospital of Xi’an Jiaotong University were randomly enrolled
in the study. The medical records of these patients were
reviewed by investigators and their characteristics such as the
family history of cancer and main symptoms were abstracted.
Subjects with a history of abnormal mentality or cognitive
disorders were excluded from the investigation. All the cancer
cases were finally verified by histopathological examinations



and clinically diagnosed as stage I in 14, stage II in 34, stage
III in 28 and stage IV in 32 according to TNM classification
and the Union International Center of Cancer (UICC) system.
The average disease course of the patients was 14±11 months
and the average age was 58±9 years with the education
background of 7 being graduated from primary school, 25 from
junior high school and 76 from senior high school or above.
Their performance status (PS) was defined by Eastern
Cooperative Oncology Group (ECOG) and social information
such as marital and employment status was obtained through
an interview. The patients were categorized into depression
group and non-depression group in terms of their SDS index
scores. The study protocol was in accordance with the guideline
for clinical research and  approved by the Ethical and Research
Committee of the hospital.

Psychological measurements
Zung self-rating depression scale (SDS)  The Zung SDS
system harbors 20 items of self-evaluation measurements for
depressive symptoms[21]. In the study, the patients were asked
to rate each of the items regarding how they felt during the
preceding week by a 4-point Likert scale with the 4 representing
the most unfavorable response. After the scores of 10 reversely-
graded items were adjusted in line with that of the sequentially-
scored items, a raw score that was turned out from the total
value of 20 items was further converted into a depression-
judging variable termed as SDS index, based on which the
cases were categorized into 2 levels of psychological
conditions. Level 1, SDS index below 50, was considered not
significant psychopathologically. Level 2, SDS index equal to
or above 50, was suggested the presence of depression. It was
not meant for SDS index to offer a strict diagnostic guideline
but rather denote levels of depression in symptomatology that
might be of clinical significance. Overall, the SDS index was
shown to be relatively valid with a high internal consistency
that was exhibited by an alpha coefficient of 0.84[22].
Zung Self-rating anxiety scale (SAS)  Just like Zung SDS
system, Zung SAS also has 20 items to be scored with the 4-
point Likert scale except that there are 5 reversely-scored items,
in which the 4 represents the most unfavorable response[23].
After the scores of 5 reversely-graded items were adjusted in
line with that of the sequentially-scored items, a raw score
that was turned out from the total value of 20 items was further
converted into an anxiety-judging variable termed as SAS
index, based on which the cases were categorized into 2 levels
of psychological conditions. Level 1, SAS index below 50,
was considered not significant psychopathologically. Level 2,
SAS index equal to or above 50, was suggested the presence
of anxiety.
Numeric rating scale (NRS)  NRS consisting of four questions
covering pain, nausea, insomnia and appetite was evaluated
by using a 0-10 scale, with 0 meaning without symptoms and
10 indicating the situation being as bad as imagined, which
was found to be a simple and valid pain measurement in some
disease states[24]. In this study, the patients were asked to circle
the number that best described the symptom at its worst during
a one-week period.
Social support rating scale (SSRS)  SSRS was employed to
evaluate the levels of objective, subjective and total social
support, as well as the utility of this support[25].

Study protocols
Two days before the investigation, each item for the psychological
measurements was explained by specialized doctors in order to
make the patients understand and complete the questionnaires
correctly by themselves in a quiet condition to exclude any possible
influence. If it could not be completed by the patients for some
reasons as sickness or poor education, family members or

physicians in charge were prescribed to do it instead.
      On the experimental day, 3.5 ml of peripheral blood was drawn
from each patient and anticoagulated by ethylenediaminetetra-
acetic acid (EDTA), in which 50 µl of blood was quantified with
the Sysmes KX-21 blood counter (Japan) for the measurement
of white blood cells, erythrocytes, thrombocytes, and fractions
of lymphocytes, granulocytes and monocytes. The other 3.0 ml
of blood sample was used to determine natural killer cells
(CD56) and T lymphocyte subsets with the EPICS ELITE flow
cytometer (American) by individuals blinded to the clinical
data of the patients in our immunology laboratory.

Statistical analysis
Experimental data were expressed as x±s. Comparisons between
experimental groups were performed by t-test to examine the
variables with normal distribution and by Mann-Whitney U
test to assess the other kinds of numerical values. Demographic
variables were analyzed by descriptive statistics to evaluate
the clinical and sociodemographic characteristics of the studied
samples. Curve estimation, stepwise multiple or univariate
linear regression and Pearson correlations were adopted to
assess the correlation of depression with its possible
contributing factors. A P value less than 0.05 was considered
statistically significant. All statistical procedures were performed
with statistical package of SPSS for social science (2000).

RESULTS
Incidence of depression in cancer patients
Questionnaires answered by the enrolled patients were correctly
filled in according to the experimental protocol. The scores of
SDS 4 grade evaluation are listed in Table 1. In the present
study, SDS index was approximately a normal distribution in
the 108 cases, ranging from 33.8 to 66.2 and averaging at
50.4±8.8. Fifty percent of the patients had a SDS index score
more than 50. Similarly, SAS index of all the patients ranged
from 35.0 to 62.0 and averaged at 46.9±7.7, 46.3% of the cases
had a SAS index score above 50, 29.6% of the enrolled patients
had scores above 50 simultaneously for both SDS and SAS
indexes. The social support score was between 28 and 56 and
averaged at 43.8±7.2. Curve estimation showed that the
depression was positively correlated with anxiety and negatively
with social support. Furthermore, the depression correlated with
the tumor type, which manifested in a descending order as
stomach, gallbladder, pancreas, intestine, esophagus, duodenum
and rectum, according to their correlativity.

Factors contributing to depression
Many factors were associated with depression such as cancer
pain, anxiety, poor economic status, tumor type, anorexia (X5:
I eat as much as I used to), hyposexuality (X6: I enjoy looking
at, talking to and being with attractive men/women),
dispiritment (X1: I feel downhearted, blue and sad), agitation
(X13: I am restless and can not keep still), palpitation (X9:
My heart beats faster than usual), fatigue without apparent
reasons (X10: I get tired for no reason), CD56+, etc. However,
step-wise regression analysis suggested that hyposexuality,
dispiritment, agitation, palpitation, CD56 and anxiety were the
significant factors contributing to depression (Table 2).

Effects of depression on cell-mediated immunity
More severe anxiety and poor social support were noted in the
depression group compared with those of the non-depression
patients. As for the parameter changes of cell-mediated
immunity in peripheral blood, an increase of granulocyte count
and a decline in T-lymphocyte subsets (CD3, CD4 and CD8),
erythrocyte and monocyte counts were observed in depression
cases, but did not reach a significant level. Lymphocyte count
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and CD56 were significantly decreased in the depression group
compared with those of the non-depression patients (P<0.05)
as shown in Table 3. However, fewer changes in CD4/CD8

ratio and other immunological parameters were found between
the two groups.

Table 3  Multiple factors between depression and nondepression
groups (x±s)

Parameters             Depressive     Non-depressive  P
    state      state

Anxiety 49.7±7.5b   45.3±6.9          0.003
Pain   6.5±2.8a     4.6±3.2          0.025
Social support 44.0±6.8   44.6±7.7          0.670
Objective support 11.9±3.0   12.5±3.0          0.360
Subjective support 24.8±3.8   24.5±4.4          0.630
Utilization of support   6.8±2.0a     7.6±2.1          0.043
Cells in peripheral blood
Erythrocyte (1012/L)   3.4±1.2     3.8±1.8          0.460
Lymphocyte (0.00) 0.33±0.09a   0.39±0.87        0.032
Granulocyte (0.00) 0.61±0.12   0.56±0.88        0.240
Monocyte (0.00) 0.04±0.01   0.06±0.05        0.900
Thrombocyte (109/L)             137.5±12.5a          167.7±43.2        0.020
T lymphocyte subsets
CD3 ((0.00) 0.53±0.11   0.59±0.11        0.070
CD4 (0.00) 0.27±0.07   0.30±0.11        0.440
CD8 (0.00) 0.32±0.10   0.35±0.10        0.240
Natural killer
CD56 (0.00) 0.26±0.11a   0.29±0.11        0.041

aP<0.05, bP<0.01, vs nondepression group.

DISCUSSION
Depression is a psychotic or neurotic condition characterized
by inability to concentrate, insomnia, and feelings of extreme
sadness, dejection and hopelessness, which commonly occur
in cancer patients. It has been estimated that the incidence of
severe depression in these patients is about 3%-50% depending
on tumor site, stage, assessment methods, and a lot of other
contributing factors, with an average overall incidence of
approximately 20%[18,26,27]. However, depression remains an
often unrecognised source of suffering among cancer patients,
which is partially because of the lack of recognition by clinical
physicians. Under such circumstances, particularly when the
depression was confused with symptoms resulted from the
underlying disease, clinicians were usually inclined to dismiss
even severe depression on the assumption that these “symptoms”
are understandable[27]. In fact, untreated depression in these
patients might cause more frequent clinic visits, higher medical
costs, longer hospital stay, as well as incompliance with
therapeutic measures, poor quality of life, bad prognosis, and
even accidental death[20,28-32].
      In the present study, we investigated the effects of depression
on the parameters of cell-mediated immunity and its contributing
factors in patients with cancers of the digestive tract. To our
knowledge, it is one of the few clinical reports in recent years
concerning depression in patients with digestive tract cancers.
It was revealed that depression occurred in 50% of the cases,
which was higher than the average total incidence among all
tumor patients. Besides, there was also a higher percentage of
cases with both SDS and SAS scores equal to or more than 50
in our study, accounting for 29.6% of the investigated patients.
The exact reason for these has not yet been fully elucidated, it

Table 1  SDS 4 grading of depressive manifestations in patients with gut cancers

    Grade
Item Factors     x±s

 1  2  3  4

  X1 I feel downhearted, blue and sad 1.9±0.8 34 50 18   6
  X2 Morning is when I feel best 2.6±1.1 18 42 18 30
  X3 I have crying spells or feel like it 1.5±0.9 75 14 14   5
  X4 I have trouble sleeping through the night 2.1±1.0 42 22 34 10
  X5 I eat as much as I used to 2.6±1.0 22 22 46 18
  X6 I enjoy looking at, talking to, and being with attractive men/women 2.6±1.1 25 26 26 31
  X7 I notice that I am losing weight 2.4±1.0 18 46 22 22
  X8 I have trouble with constipation 2.2±1.1 38 30 22 18
  X9 My heart beats faster than usual 1.3±0.6 76 16   8   8
X10 I get tired for no reason 2.3±1.1 34 30 22 22
X11 My mind is as clear as it used to be 1.8±0.9 50 30 22   6
X12 I find it easy to do the things I used to do 2.3±0.9 22 42 30 14
X13 I am restless and can’t keep still 1.6±0.9 62 22 18   6
X14 I feel hopeful about the future 2.2±0.9 30 30 42   6
X15 I am more irritable than usual 1.7±1.0 58 26 14 10
X16 I find it easy to make decisions 2.3±1.1 34 26 26 22
X17 I feel that I am useful and needed 1.9±1.0 42 42 10 14
X18 My life is pretty full 1.8±0.8 38 50 14   6
X19 I feel that others would be better off if I were dead 1.4±0.7 70 30   2   6
X20 I still enjoy the things I used to do 2.2±1.0 30 42 18 18

Table 2  Multivariate analysis of contributing factors of depression with step-wise regression

Variable Unstandardized coefficients (B)         Standardized coefficients (β)          t P value Pearson correlation

X1a          4.47  0.36 19 193 329     0.00  0.64
X6a          4.13  0.51 19 076 980     0.00 -0.80
X9a          0.97  0.07 3 266 595.5     0.00  0.65
X13a          1.78  0.15 4 232 747.7     0.00  0.08
Anxietya          6.04E-02  0.06 3 691 620.2     0.00  0.32
CD56

a         -2.33 -0.10              -28 074 903     0.00 -0.18

aP<0.05 vs nondepression group.
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is probably because the gut function relates so closely to
people’s daily life that a malignant disorder in the digestive
tract might affect the psychological status of patients more
easily compared with tumors of the other sites.
      Lots of factors are closely related to the depression of cancer
patients including physiological, immunological and
psychosocial impacts. Although this correlation has been
established as a whole in tumor cases[33,34], however, little is
known about the contributing factors to the depression in
patients with cancer of the digestive tract according to the new
bio-psycho-social model. Our study revealed that despite many
factors such as cancer pain, poor economic status, tumor type,
anorexia (X5), fatigue without apparent reasons (X10) might
play a role, hyposexuality (X6), dispiritment (X1), agitation
(X13), palpitation (X9), CD56 and anxiety were the significant
factors contributing to the depression of these patients by step-
wise regression analysis.
     Impairment of immunologic functions has been noted to
be one of the major negative effects exerted by depression in
cancer patients[35]. Some immunological parameters such as T
lymphocyte subsets and natural killer (NK) cells have been
believed to be the major effectual mechanism against tumors[36-43].
For instance, the growth of malignancies was inhibited by
activated tumor-specific T cells[44,45] and the depressed activity
of NK cells was probably related to tumor enlargement and
dissemination[46]. Papadopoulos and his associates[42] reported
that the depletion of cytotoxic T cell (CD8+) and NK cell (CD56+)
in advanced papillary ovarian cancer might in part explain
the poor clinical outcomes of those patients. However, in our
study, although significantly reduced NK cells (CD56) and
thrombocyte count were found in the depressive patients, T
lymphocyte subset, CD4/CD8 ratio and other immunological
parameters did not exhibit significant alterations between the
two groups, suggesting that depression was probably not a
necessarily factor leading to impairment of immune functions
in patients with cancers of the digestive tract.
      In summary, our study reveals that the incidence of depression
is as high as 50% in patients with cancers of the digestive tract.
Hyposexuality, dispiritment, agitation, palpitation, low CD56

and anxiety are the significant factors contributing to the
depression. Although significantly reduced NK cells (CD56)
and thrombocyte count are found in the depressive patients, T
lymphocyte subset, CD4/CD8 ratio and other immunological
parameters do not exhibit significant alterations between the
depressive and non-depressive patients. Comprehensive
measures including psycho-logical support therefore should
be taken in order to improve their immunological functions,
quality of life and clinical prognosis of cancer patients.
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Abstract
AIM: To estimate the direct medical costs of gastroenterological
diseases within the universal health insurance program
among the population of local residents in Taiwan.

METHODS: The data sources were the first 4 cohort
datasets of 200 000 people from the National Health
Insurance Research Database in Taipei. The ambulatory,
inpatient and pharmacy claims of the cohort in 2001 were
analyzed. Besides prevalence and medical costs of diseases,
both amount and costs of utilization in procedures and drugs
were calculated.

RESULTS: Of the cohort with 183 976 eligible people, 44.2%
had ever a gastroenterological diagnosis during the year.
The age group 20-39 years had the lowest prevalence rate
(39.2%) while the elderly had the highest (58.4%). The
prevalence rate was higher in women than in men (48.5%
vs. 40.0%). Totally, 30.4% of 14 888 inpatients had ever a
gastroenterological diagnosis at discharge and 18.8% of
51 359 patients at clinics of traditional Chinese medicine had
such a diagnosis there. If only the principal diagnosis on each
claim was considered, 16.2% of admissions, 8.0% of outpatient
visits, and 10.1% of the total medical costs (8 469 909 US dollars/
83 830 239 US dollars) were attributed to gastroenterological
diseases. On average, 46.0 US dollars per insured person in
a year were spent in treating gastroenterological diseases.
Diagnostic procedures related to gastroenterological diseases
accounted for 24.2% of the costs for all diagnostic procedures
and 2.3% of the total medical costs. Therapeutic procedures
related to gastroenterological diseases accounted for 4.5%
of the costs for all therapeutic procedures and 1.3% of the
total medical costs. Drugs related to gastroenterological
diseases accounted for 7.3% of the costs for all drugs and
1.9% of the total medical costs.

CONCLUSION: Gastroenterological diseases are prevalent
among the population of local residents in Taiwan, accounting
for a tenth of the total medical costs. Further investigations
are needed to differentiate costs in screening, ruling out,
confirming, and treating.

Chou LF. Estimating medical costs of gastroenterological
diseases. World J Gastroenterol  2004; 10(2): 273-278
http://www.wjgnet.com/1007-9327/10/273.asp

INTRODUCTION
The cost analysis of disease management is essential for health
policymaking in resource allocation and medical manpower

planning[1-8]. Among all medical specialties, gastroenterology
has played a major role because of disease prevalence and
advanced technology[9-12]. While the literature about economic
assessments in gastroenterology dealt mainly with cost-
effectiveness of single pharmaceuticals, diagnostic measures
or therapeutic interventions[13-23], analyses of the entire
specialty are relatively scarce. One of the reasons might be
that the complete utilization data of the total population or
a representative sample are not easily available. The more
decisive reason is the lack of a standardized analysis framework
and operational measures.
     The aim of this study was to estimate the direct medical
costs of gastroenterological diseases among the population of
local residents in Taiwan. Besides the diagnosis-based approach,
the costs would also be sorted by diagnostic procedure,
therapeutic procedure, and drug. The strength of this study
was to use the complete claim data of a representative cohort of
200 000 people within the universal health insurance program
in Taiwan. Not only the nominal costs of gastroenterological
diseases but also their relative ratio in total medical costs could
be measured.

MATERIALS AND METHODS

Data sources
The data of the first 4 cohort datasets (R01-R04) in 2001 from
the National Health Insurance Research Database (NHIRD;
http://www.nhri.org.tw/nhird/) in Taipei were used for the
analysis. The NHIRD owned all claims in electronic form from
the national health insurance (NHI) program that has started
in 1995 and covered nearly all inhabitants in Taiwan (21 653 555
beneficiaries at the end of 2001)[24]. The NHIRD has retrieved
dozens of datasets publicly available for researchers. For each
cohort dataset, the NHIRD at first randomly sampled 50 000
people from 23 753 407 people who had ever been insured
from March 1, 1995 to December 31, 2000. Then, all insurance
claims belonging to these people were drawn to make up one
specific cohort dataset.
      A cohort dataset included one registration file of the insured
people and 6 files of original claim data: inpatient expenditures
by admissions, details of inpatient orders, ambulatory care
expenditures by visits, details of ambulatory care orders,
expenditures for prescriptions dispensed at contracted
pharmacies, and details of prescriptions dispensed at contracted
pharmacies. The structure of the insurance claim files had been
described in details on the NHIRD web site and in other
published literature[25-28].
     Among the 4 cohort datasets in 2001, there were totally
183 976 eligible people, 22 746 admissions, 1 241 760 inpatient
prescription items, 2 607 646 visits (including 234 598 visits
for traditional Chinese medicine), 11 765 537 outpatient
prescription items, 127 008 dispensed prescriptions at pharmacies,
and 513 231 dispensed prescription items at pharmacies. The
ambulatory sector included medical care services at clinics of
Western medicine, traditional Chinese medicine, and dentistry,
and pharmaceutical services at pharmacies. Because the
separation of prescribing and dispensing was not yet thoroughly
executed in Taiwan, relatively few outpatient prescriptions had
been dispensed at independent pharmacies.
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     Besides, the fee schedule of 4 837 medical service items
and the list of 21 146 approved drug items of Western medicine
in Taiwan were downloaded from the web site of the Bureau
of National Health Insurance (http://www.nhi.gov.tw/,
accessed January 12, 2002). Each drug of different brand,
strength and form had an official unique identifier for claims.
The BNHI also offered a list of ATC codes (the Anatomical
Therapeutic Chemical classification system, version 2000)[29]

for each drug item.

Study design
The costs of gastroenterological diseases were estimated in 4
dimensions: diagnosis, diagnostic procedure, therapeutic
procedure, and drug. The reason for separate approaches
was that on the one hand an admission or a visit with a
gastroenterological diagnosis might contain service items not
related to the gastroenterological diagnosis, and on the other
hand a procedure or drug for gastroenterological diseases might
not be associated with any gastroenterological diagnosis on
the claim because of the coding error or limitation (5 diagnosis
fields on an admission claim and 3 on a visit claim).
   The age-sex prevalence of patients having any
gastroenterological diagnosis during the year was at first
calculated. All 5 diagnoses on an admission record and all 3
diagnoses on a visit record were taken into account. Then, medical
costs of visits and admissions because of gastroenterological
diseases as the principal diagnosis were calculated and stratified
by major disease category.
     The definition and categorization of gastroenterological
diseases were based on the scheme of the Clinical Classifications
Software (CCS for ICD-9-CM) developed by the Agency for
Healthcare Research and Quality (AHRQ) of the U.S. Department
of Health and Human Services[30]. The single-level diagnosis
CCS aggregated illnesses and conditions of over 12 000 diagnosis
codes within the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) into 259 mutually
exclusive categories. The single-level CSS categories 6, 12-
18, 120, 135, 138-155, 214, 250, and 251 were deemed as
gastroenterological diseases. Some codes such as benign
neoplasm, injury, and screening that were dispersedly
included in other CSS categories were also identified as
gastroenterological diseases.
      The fee schedule of the NHI included mainly consultation
and rehabilitation fees, charges for diagnostic procedures (e.g.
laboratory tests and radiological examinations), therapeutic
procedures (e.g. general treatments, radiological interventions
and surgeries) and materials, and case payments based on
diagnosis-related groups. Among 1 470 items of diagnostic
procedures and 2 435 items of therapeutic procedures, 132
and 338 items were related to gastroenterological diseases
respectively.
      Drugs for treating gastroenterological diseases in the current
study included all drug items of the groups A02 (antacids,
drugs for treatment of peptic ulcer and flatulence), A03
(antispasmodic and anticholinergic agents and propulsives),
A04 (antiemetics and antinauseants), A05 (bile and liver
therapy), A06 (laxatives), A07 (antidiarrheals, intestinal
antiinflammatory/antiinfective agents), A09 (digestives,
including enzymes), C05A (antihemorrhoidals for topical use),
P01A (agents against amoebiasis and other protozoal diseases),
and P02 (anthelmintics) in the ATC classification system. The
items in the group J07BC (hepatitis vaccines) were not included
because they were not reimbursable within the NHI. A total of
2 269 drug items for treating gastroenterological diseases had
been registered in Taiwan since 1995. Some drugs might be
no more available on the market or not reimbursable by the
insurance during the study period.

      In describing utilization and costs of diagnostic procedures,
therapeutic procedures, and drugs related to gastroenterological
diseases, the number of recipients, the number of orders, and
the total costs were calculated and stratified either by individual
item of procedures or by group of drugs at the ATC 3rd and
4th levels. The original monetary values in unit of New Taiwan
dollars were converted into U.S. currency based on the average
exchange rate in 2001 (1 U.S. dollar [USD]=33.8003 New
Taiwan dollars) according to the Central Bank of China in
Taiwan (http://www.cbc.gov.tw/, accessed 6 February 2003).

Statistical analysis
The database software of Microsoft SQL Server 2000 was used
for data linkage and processing. The regular statistics were
displayed.

RESULTS

General information of the cohort
Among the 200 000-person cohort, only 183 976 people were
still insured in 2001. There were more men than women
(92 566 vs 91 394), and the status of sex was unknown in 16
persons (Table 1). The mean age of the eligible people was
33.9 (SD 20.3) years.

Table 1  Age-sex specific prevalence of gastroenterological dis-
eases among cohorts (n=183 976) in 2001

    No. of patients  Prevalence in percent
Age group in year

            All         Female       Male         All        Female     Male

Sampling cohorta

<20           51 029       24 644       26 384

20-39           63 800       32 115       31 670

40-59           45 432       23 061       22 371

>=60           23 715       11 574       12 141

Total         183 976       91 394       92 566

Patients with any gastroenterological diagnosis at both inpatient and

ambulatory sectorsb,c

<20           22 006       10 728       11 277 43.1 43.5 42.7

20-39           25 035       14 988       10 044 39.2 46.7 31.7

40-59           20 412       11 497         8 915 44.9 49.9 39.9

>=60           13 845         7 090         6 755 58.4 61.3 55.6

Total           81 298       44 303       36 991 44.2 48.5 40.0

Patients with any gastroenterological diagnosis at inpatient sector

<20                947            388            559 1.9 1.6 2.1

20-39                792            301            491 1.2 0.9 1.6

40-59             1 056            431            625 2.3 1.9 2.8

>=60             1 738            737         1 001 7.3 6.4 8.2

Total             4 533         1 857         2 676 2.5 2.0 2.9

Patients with any gastroenterological diagnosis at ambulatory sectord

<20           21 931       10 698       11 232 43.0 43.4 42.6

20-39           24 932       14 955         9 974 39.1 46.6 31.5

40-59           20 310       11 459         8 851 44.7 49.7 39.6

>=60           13 643         6 996         6 647 57.5 60.4 54.7

Total           80 816       44 108       3 6704 43.9 48.3 39.7

Patients with any gastroenterological diagnosis at clinics of traditional

Chinese medicine

<20             1 833         1 005           828 3.6 4.1 3.1

20-39             3 608         2 259        1 349 5.7 7.0 4.3

40-59             2 892         1 687        1 205 6.4 7.3 5.4

>=60             1 310            731           579 5.5 6.3 4.8

Total             9 643         5 682         3 961 5.2 6.2 4.3

aThose born after January 1, 2001 were not included in the
cohort. The status of sex was unknown in 16 persons. b Pa-
tients with gastroenterological diseases included 4 persons of



unknown sex. cAll diagnoses of a patient during the year were
taken into account, not confined to principal diagnosis at each
admission or visit. dThe ambulatory sector included physician
offices, hospital outpatient departments, and emergency de-
partments of Western medicine, dentistry, and traditional Chi-
nese medicine.

     The medical care benefits of these people in 2001 totaled
83 830 239 USD, of which 26 443 645 USD (31.5%) was claimed
at the inpatient sector and 57 386 595 USD (68.5%) at the
ambulatory sector. The clinics of traditional Chinese medicine
and independent pharmacies only accounted for 4.2% (3 499 397
USD) and 0.8% (677 908 USD) of the total costs respectively.
      The utilization and costs of all kinds of procedures and drugs
among the cohort were as following: 1 119 629 orders of
diagnostic procedures summing to 7 858 087 USD (9.4% of
the total costs), 774 340 orders of therapeutic procedures with
23 582 229 USD (28.1% of the total costs), and 8 683 664
prescribed or dispensed items of drugs with 21 193 285 USD
(25.3% of the total costs).

Age-sex specific prevalence of gastroenterological diseases
Table 1 also displays the number of patients with any
gastroenterological diagnosis in 2001 and their prevalence
among the eligible cohort, stratified by age group, sex, and
setting. Totally, 44.2% of the insured people had at least one
gastroenterological diagnosis. The age group 20-39 years had
the lowest prevalence rate while the elderly had the highest.
The prevalence rate was higher in women than in men (48.5%
vs 40.0%). But, men had a slightly higher prevalence rate
(2.9%) at the inpatient sector than women (2.0%). During the
year, 14 888 patients were admitted to hospitals. In other words,
30.4% of inpatients had ever a gastroenterological diagnosis
at discharge. Physicians of traditional Chinese medicine made
gastroenterological diagnoses in 9 643 patients, i.e. in 5.2% of
the entire cohort and in 18.8% of the 51 359 patients having
visited the clinics of traditional Chinese medicine during 2001.

Prevalence and costs of gastroenterological diseases by
major disease category
Table 2 shows the aggregate costs of visits and admissions
due to gastroenterological diseases. The analysis took account
of the principal diagnosis into consideration on each claim
only, the results were stratified by major disease category, and
the numbers of affected patients were also calculated. Totally,
67 073 patients (36.5% of the cohort) were involved and medical
care costs in value of 8 469 909 USD (10.1% of the total medical
costs) were consumed. On average, 46.0 USD per insured person
in a year was spent in treating gastroenterological diseases.
     Besides, 16.2% (n=3 676) of all admissions, 8.0% (n=209 254)
of all visits, and 10.4% (n=24 429) of all visits to traditional
Chinese medicine during 2001 were primarily attributed to
gastroenterological causes. While the largest patient group was
noninfectious gastroenteritis (9.6% of the cohort), followed
by other gastrointestinal disorders (8.7%), abdominal pain
(7.7%), gastritis and duodenitis (7.7%), and other disorders of
stomach and duodenum (4.2%), the top 5 diagnosis groups
with higher total charges were gastroduodenal ulcer (10.6%
of the costs related to gastroenterological diseases/1.1% of the
total medical costs), other liver diseases (6.7%/0.7%), other
gastrointestinal disorders (6.7%/0.7%), hepatitis (6.5%/0.7%),
and biliary tract disease (6.0%/0.6%).

Utilization and costs of diagnostic procedures related to
gastroenterological diseases
Among the cohort during 2001, 36 004 (19.6%) patients
utilized 210 156 (18.8%) diagnostic procedures related to
gastroenterological diseases with costs of 1 900 752 USD (24.2%

of the costs for all diagnostic procedures and 2.3% of the total
medical costs). The computer tomography with 3 fee items took
almost a two-fifth share of the costs for GI-related diagnostic
procedures. The other two items with higher costs were abdominal
sonography (18.4% of the costs for GI-related diagnostic
procedures) and upper GI panendoscopy (13.0%). But, the most
common procedures belonged to biochemical tests of blood:
glutamic-pyruvic transaminase (GPT) with 47 523 orders and
glutamic-oxalacetic transaminase (GOT) with 45 653 orders.
Nearly a seventh of the cohort received these two tests (Table 3).

Table 2  Prevalence and costs of gastroenterological diseases
among cohorts (n=183 976) in 2001 by major disease category,
according to principal diagnosis only

           Patients   Total cost
CSSa    Single-level CCS diagnosis
code    categories    No.     Mean age (SD)       US $    %

    6    Hepatitis   6 356    44.3 (16.1)         547 599  6.5%

  12    Cancer of esophagus        67    47.4 (22.3)         193 853  2.3%

  13    Cancer of stomach      110    64.0 (15.0)         207 765  2.5%

  14    Cancer of colon      230    63.2 (14.3)         308 903  3.6%

  15    Cancer of rectum and anus      180    65.9 (12.8)         328 540  3.9%

  16    Cancer of liver and      242    60.5 (14.4)         448 114  5.3%

   intrahepatic bile duct

  17    Cancer of pancreas        30    67.9 (13.4)         148 490  1.8%

  18    Cancer of other        40    67.5 (11.5)           70 893  0.8%

   GI organs, peritoneum

120    Hemorrhoids   2 110    45.6 (17.1)         236 477  2.8%

135    Intestinal infection   7 727    25.3 (22.2)         175 479  2.1%

138    Esophageal disorders      967    46.9 (20.9)         145 264  1.7%

139    Gastroduodenal ulcer   6 214    48.1 (18.5)         898 028    10.6%

   (except hemorrhage)

140    Gastritis and duodenitis 14 112    36.7 (21.9)         348 621  4.1%

141    Other disorders of   7 736    38.7 (23.1)         285 697  3.4%

   stomach and duodenum

142    Appendicitis and other      362    33.1 (18.8)         217 212  2.6%

   appendiceal conditions

143    Abdominal hernia      515    35.6 (27.9)         228 586  2.7%

144    Regional enteritis   1 406    31.4 (22.5)           29 259  0.3%

   and ulcerative colitis

145    Intestinal obstruction      543    39.4 (29.3)         112 282  1.3%

   without hernia

146    Diverticulosis        45    58.2 (20.9)           29 713  0.4%

   and diverticulitis

147    Anal and rectal conditions      366    41.8 (21.4)           87 506  1.0%

148    Peritonitis and        72    49.5 (21.5)           54 941  0.6%

   intestinal abscess

149    Biliary tract disease   1 000    54.2 (17.5)         509 960  6.0%

150    Liver disease,      156    48.5 (12.3)           39 179  0.5%

   alcohol-related

151    Other liver diseases   2 102    47.7 (16.9)         569 503  6.7%

152    Pancreatic disorders      157    50.0 (17.0)         116 327  1.4%

   (not diabetes)

153    Gastrointestinal hemorrhage   1 385    52.4 (20.2)         442 493  5.2%

154    Noninfectious gastroenteritis 17 717    28.9 (21.9)         401 586  4.7%

155    Other gastrointestinal 16 080    36.7 (22.6)         563 336  6.7%

   disorders

214    Digestive congenital        84    31.2 (22.2)           15 785  0.2%

   anomalies

250    Nausea and vomiting      926    25.5 (24.3)           19 924  0.2%

251    Abdominal pain 14 113    34.4 (20.1)         404 085  4.8%

 -    Others      997    37.6 (23.1)         284 509  3.4%

   Total 67 073    34.8 (21.8)       8469 909   100.0%

aCSS: Clinical Classifications Software by the Agency for
Healthcare Research and Quality (AHRQ), Rockville, MD, USA.
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Table 3  Utilization and costs of diagnostic procedures related
to gastroenterological diseases among cohorts (n=183 976) in
2001: top 20 by total cost

           Total cost
Item of diagnostic                 No. of  No. of
proceduresa                patients    orders   US $    %       Cum.%

Whole body computer   2 541   3 092 374 106 19.7%     19.7%
tomography (without contrast)
Abdominal sonography 11 132 15 730 349 690  18.4%    38.1%
Whole body computer tomography   1 644   2 106 320 943  16.9%    55.0%
 (with/without contrast)
Upper GI panendoscopy   4 693   5 606 247 458  13.0%    68.0%
Serum GPT 25 427 47 523   69 765    3.7%    71.7%
Serum GOT 24 265 45 653   67 676    3.6%    75.2%
Whole body computer      337      437   59 522    3.1%    78.3%
tomography (with contrast)
Colon fiberoscopy      730      780   50 698    2.7%    81.0%
Double-contrast study      421      432   29 421    1.5%    82.6%
of lower GI series
AFP (RIA)   1 461   2 408   28 361    1.5%    84.1%
AFP (EIA)   2 363   3 570   20 865    1.1%    85.2%
Plain abdomen X-ray   2 338   2 856   18 498    1.0%    86.1%
Serum bilirubin, total   6 345 12 553   18 307    1.0%    87.1%
HbsAg (EIA)   3 678   3 999   17 237    0.9%    88.0%
Serum albumin   6 989 14 638   15 522    0.8%    88.8%
CEA (EIA)      856   1 308   15 293    0.8%    89.6%
Alkaline phosphatase   5 686 10 091   14 159    0.7%    90.4%
Upper GI series      296      315   13 347    0.7%    91.1%
CEA (RIA)      647   1 127   13 344    0.7%    91.8%
Sigmoid fiberoscopy      311      327   11 620    0.6%    92.4%
Others 144 922    7.6%    100.0%
Totalb 36 004   210 156   1 900 752   100.0%

aMagnet resonance imaging (MRI) was excluded from analy-
sis because the fee schedule of the National Health Insurance
did not differentiate MRI for abdomen from MRI for other body
parts. bNumbers might not add to totals because of rounding.

Table 4  Utilization and costs of therapeutic procedures
(treatment and surgery) related to gastroenterological diseases
among cohorts (n=183 976) in 2001

            Total cost
Item of therapeutic procedure No. of No. of

               patients orders    US $     %      Cum.%

Nasal feeding    917 28 352 167 762 15.7%     15.7%

Repair of inguinal hernia    322      359   94 046   8.8%     24.5%
(without bowel resection)
Appendectomy    226      226   74 145   7.0%     31.5%

Laparoscopic cholecystectomy      83        84   68 081   6.4%     37.9%
Hemorrhoidectomy,    198      199   59 994   5.6%     43.5%
internal & external

Trans-arterial embolization (T.A.E.)      65        96   57 634   5.4%     48.9%
Insertion of nasogastric tube 1 745   5 370   25 609   2.4%     51.3%
Heat probe during endoscopy    162      185   21 893   2.1%     53.4%

Cholecystectomy      58        58   18 485   1.7%     55.1%
Eendoscopic papillectomy      31        32   17 893   1.7%     56.8%
Colonoscopic polypectomy    153      157   17 140   1.6%     58.4%

Internal hemorrhoid ligation    216      356   16 795   1.6%     60.0%
Gastric decompression    900   3 712   16 473   1.5%     61.5%
Percutaneous transhepatic      38        54   15 735   1.5%     63.0%

cholangiography drainage (PTCD)
Choledocholithotomy with      28        28   15 282   1.4%     64.4%
T-tube drainage

Radical gastrectomy      14        14   15 061   1.4%     65.8%

Radical proctectomy      11        11   14 723   1.4%     67.2%

Radical hemicolectomy with      23        23   13 973   1.3%     68.5%

ascending colon anastomosis

Restorative proctectomy with      11        11   13 948   1.3%     69.8%

colo-anal anastomosis

Vagotomy and pyloroplasty      20        20   13 911   1.3%     71.1%

Others 307 915    28.9%  100.0%

Totala 8 349 60 245   1 066 497  100.0%

aNumbers might not add to totals because of rounding.

Table 5  Utilization and costs of drugs related to gastroenterological diseases among cohorts (n=183 976) in 2001, by the fourth level of
ATC classification system

            Total cost
ATC code Drug group name        No. of patients         No. of orders

  US $      % Cum. %

A02BA H2-receptor antagonists 26 690     85 228 269 851   17.4%   17.4%
A02BC Proton pump inhibitors   2 223       7 100 219 823   14.2%   31.6%
A02AF Antacids with antiflatulents 98 197   385 623 156 244   10.1%   41.6%
A05BA Liver therapy   3 234     12 990 113 482     7.3%   49.0%
A02AD Combinations and complexes of aluminium, 83 569   305 357 108 399     7.0%   55.9%

calcium and magnesium compounds
A03FA Propulsives 46 418   140 278 108 006     7.0%   62.9%
A02AB Aluminium compounds 20 845     50 850   71 820     4.6%   67.5%
A06AB Contact laxatives   8 775     37 266   59 022     3.8%   71.3%
A02AG Antacids with antispasmodics 53 966   160 086   52 394     3.4%   74.7%
A06AC Bulk producers   2 327       5 851   47 848     3.1%   77.8%
A09AA Enzyme preparations 15 041     37 149   35 754     2.3%   80.1%
A03AA Synthetic anticholinergics, esters with 19 071     43 779   28 953     1.9%   82.0%

tertiary amino group
A07EC Aminosalicylic acid and similar agents      248       1 504   24 494     1.6%   83.6%
A03AX Other synthetic anticholinergic agents   2 264       4 110   22 682     1.5%   85.0%
A04AA Serotonin (5HT3) antagonists      108          375   22 612     1.5%   86.5%
A02DA Antiflatulents 38 126     97 683   16 448     1.1%   87.5%
A03AB Synthetic anticholinergics, quaternary   8 413     15 312   16 205     1.0%   88.6%

ammonium compounds
A03BB Belladonna alkaloids, semisynthetic, 20 940     39 494   15 415     1.0%   89.6%

quaternary ammonium compounds
A06AD Osmotically acting laxatives      513       1 485   15 401     1.0%   90.6%
A05AA Bile acid preparations      409       1 580   15 064     1.0%   91.5%
- Others 131 330     8.5% 100.0%

Totala              149 062 1719 500             1 551 250 100.0%

aNumbers might not add to totals because of rounding.
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Utilization and costs of therapeutic procedures related to
gastroenterological diseases
Among the cohort during 2001, 8 349 (4.5%) patients utilized
60 245 (7.8%) therapeutic procedures related to gastroenterological
diseases with costs of 1 066 497 USD (4.5% of the costs for all
therapeutic procedures and 1.3% of the total medical costs).
The most common general treatments were nasal feeding,
insertion of nasogastric tube, and gastric decompression. The
most common surgeries were hernioplasty, appendectomy,
cholecystectomy, hemorrhoidectomy, and trans-arterial
embolization. The utilization of surgeries was far less frequent
than that of general treatments (Table 4).

Utilization and costs of drugs related to gastroenterological
diseases
Over four-fifths of the cohort received drugs for treating
gastroenterological diseases in value of 1 551 250 USD (7.3%
of the costs for all drugs and 1.9% of the total medical costs).
The most popular drugs were antacids (ATC group A02A)
prescribed to 141 185 (76.7%) patients, drugs for treatment of
peptic ulcer (A02B) with 29 181 (15.9%) recipients had the
largest (33.1%) share of drug costs related to gastroenterological
diseases. Table 5 gives a breakdown of the utilization into the
fourth level of ATC classification. Despite fewer recipients,
proton pump inhibitors (A02BC) were the second in aggregate
cost only to H2-receptor antagonists (A02BA). Another
noteworthy fact was that drugs for liver therapy were prescribed
to 7.1% of the cohort.

DISCUSSION
The current study offered concrete and considerable details
about prevalence and costs of gastroenterological diseases
among the population of local residents in Taiwan. The major
findings were as the following: 44.2% of the insured people
had ever a gastroenterological diagnosis during the study year.
16.2% of admissions, 8.0% of outpatient visits, and 10.1% of
the total medical costs were attributed to gastroenterological
diseases as principal diagnoses. GI-related diagnostic
procedures accounted for 24.2% of costs for all diagnostic
procedures and 2.3% of the total medical costs. GI-related
therapeutic procedures accounted for 4.5% of costs for all
therapeutic procedures and 1.3% of the total medical costs.
GI-related drugs accounted for 7.3% of costs for all drugs and
1.9% of the total medical costs.
      The current study focused only on the direct medical costs
within the health insurance system. Those services beyond the
insurance coverage were not taken into analysis. Although the
NHI in Taiwan reimbursed visits and drugs at clinics of
traditional Chinese medicine, the popular utilization of various
kinds of folklore medicine by the Chinese people remained
yet unknown.
     The feature of the current study was to estimate costs of
gastroenterological diseases from 4 dimensions. The reason
of adopting such an approach was mentioned in the subsection
of study design. It was initially difficult to define diagnoses
related to gastroenterological diseases. If directly the ninth
chapter (diseases of the digestive system) of ICD-9-CM was
chosen, not only the scope of dentistry would be included, but
also it would miss some GI-related infections, neoplasms, injuries,
symptoms and signs coded in other chapters. The analysis did
not proceed from the specialties of gastroenterologists and
general surgeons either, because it might include breast, thyroid
diseases and others then. Besides, other specialists and general
practitioners might take care of gastroenterological diseases,
too. Consequently, the current study followed a popular and
public grouping system (CSS for ICD-9-CM) from the U.S.A.

to facilitate international comparisons in the future.
      The other dimensions of the current study had limitations,
too. With respect to diagnostic procedures, some tests, e.g. serum
albumin, were not specific to diagnosing gastroenterological
diseases. Besides, some tests, e.g. serum GOT, GPT, and
bilirubin, almost belonged to screening routines on admission,
so their utilization could not reflect the prevalence of diseases.
Magnetic resonance imaging (MRI) as a popular and expensive
procedure was absent in the analysis because the fee schedule
of the NHI did not differentiate MRI for abdomen from MRI
for other body parts.
      With respect to therapeutic procedures, general treatments
such as nasal feeding and insertion of nasogastric tube might
not be directly related to gastroenterological diseases. In case
payments based on diagnosis-related groups, the reimbursement
per admission was fixed no matter whether the actual service
items aggregately cost more. Because of the discrepancy between
nominal and real values, costs of procedures within case
payments, i.e. hernioplasty, appendectomy, cholecystectomy,
and hemorrhoidectomy, might not be estimated accurately.
      Drugs for treating gastroenterological diseases in the current
study did not include antineoplastic and immunomodulating
agents because these drugs were not specific in indications.
Antivirals such as lamivudine or ribavirin were not included
in the analysis either because they had been not yet reimbursed
by the NHI in Taiwan. Although physicians of traditional
Chinese medicine also used ICD-9-CM on claims, the lack of
a corresponding classification for traditional Chinese drugs
limited the analysis. Furthermore, the widespread use of
antacids might be a unique phenomenon that reflected the habit
of Chinese physicians in co-prescribing antacids[25].
      Finally, it cannot be denied that the diagnoses on insurance
claims serve primarily for administrative purposes. They are
rather tentative diagnoses than definite ones. Only in combination
with conventional epidemiological surveys or data verification,
the costs of screening, ruling out, confirming, and treating can
be further differentiated.
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Abstract
AIM: During liver regeneration cellular proliferation and
apoptosis result in tissue remodeling to restore normal
hepatic mass and structure. Main regulators of the apoptotic
machinery are the Bcl-2 family proteins but their roles are
not well defined throughout the liver regeneration. We aimed
to analyze the expression levels of bcl-2 gene family members
during resection induced liver regeneration.

METHODS: We performed semi-quantitative RT-PCR to
examine the expression level of bak, bax, bcl-2 and bcl-xL in
the 70% hepatectomized rat livers during the whole
regeneration process and compared to that of the sham
and normal groups.

RESULTS: The expression of bak and bax were decreased
whereas bcl-2 and bcl-xL were increased in hepatectomized
animals compared to normal liver at most time points. We
also reported for the first time that sham group of animals
had statistically significant higher expression of bak and bax
compared to hepatectomized animals. In addition, the area
under the curve (AUC) values of these genes were more in
sham groups than the hepatectomized groups.

CONCLUSION: We conclude that the expressional changes
of bak, bax, bcl-2 and bcl-xL genes were altered not only
due to regeneration, but also due to the effects of surgical
operations.

Akcali KC, Dalgic A, Ucar A, Ben Haj K, Guvenc D. Expression of
bcl-2 family of genes during resection induced liver regeneration:
Comparison between hepatectomized and sham groups. World
J Gastroenterol  2004; 10(2): 279-283
http://www.wjgnet.com/1007-9327/10/279.asp

INTRODUCTION
Liver regeneration is a complex physiological response that
takes place after the loss of hepatocytes caused by toxic or

viral injury or secondary to liver resection[1,2]. During
regeneration, series of reactions take place to maintain the
homeostasis and virtually all of the surviving hepatocytes
undergo mitosis[3]. Experimentally partial hepatectomy (PH)
has been a useful model to study the cellular mechanisms of
hepatic regeneration.
      Post-hepatectomy-induced proliferative response led to full
restoration of the hepatic mass in rats in 14 days[4,5]. Several
converging lines of evidence from recent works have
established that growth factors and cytokines including
hepatocyte growth factor (HGF), tumor necrosis factor-α
(TNF-α), interleukin-6 (IL-6), epidermal growth factor (EGF),
transforming growth factor-α (TGF-α), fibroblast growth
factor (FGF), vascular endothelial growth factor (VEGF),
transforming growth factor-β1 (TGF-β1) and hormones such
as insulin, glucagon, sex hormones, thyroid hormone,
norepinephrine, nitric oxide and vasopressin are important
components of liver regeneration[5-9]. Multiple signaling
pathways are then activated by these components[10,11].
     During liver regeneration, apoptosis occurs as a response
to eliminate the defective cells that appear due to rapid cellular
divisions after PH, resulting in fine-tuning of the liver size
and tissue remodeling[5,12-14]. Therefore, control of apoptosis
plays a crucial role in liver regeneration. Among the regulators
of apoptosis, the Bcl-2 family of proteins determines the life-
or-death of a cell by controlling the releases of mitochondrial
apoptogenic factors, cytochrome C and apoptosis inducing
factors (AIF), which activate the downstream executional
phases, including the activation of the caspases[15,16]. Bcl-2
family of genes consists of both pro- and anti-apoptotic genes
and by forming dimers, they exert their function[17]. Since Bcl-
2 family of proteins is the most important and critical regulators
of apoptosis[18], they should be tightly regulated during
regeneration in a time-dependent manner. Existing data
suggests the involvement of these proteins in regeneration
process during the initial stages of this process[19-23]. These
studies investigated the expression of these genes during the
first four days after hepatectomy, however the expression
pattern of the Bcl-2 family members were not examined
throughout the regeneration process. Therefore, the purpose
of the present study was to quantitate the expression levels of
some members of bcl-2 family of genes (bcl-2, bcl-xL, bax,
bak) by using semi-quantitative RT-PCR within a time
spectrum that extended to 14 days after hepatectomy, which
was needed for the completion of the regeneration process.
We also compared the expression levels of these genes with
the levels of the corresponding sham group of animals. For
this purpose, we used the “area under the curve” method as
used in pharmacodynamic studies and other liver injury and
stress models.

MATERIALS AND METHODS
Animals
Nine weeks old and 200-250 grams male Sprague-Dawley rats
were used. They were housed under controlled environmental
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conditions (22 ) with a 12-hour light and 12 hour dark cycle
in the animal holding facility of Bilkent University, Turkey.
All the animals received care according to the criteria outlined
in the “Guide for Care and Use of Laboratory Animals”
prepared by the National Academy of Science and this study
protocol complied with Bilkent University’s guidelines on
humane care and use of laboratory animals.

Experimental groups, partial hepatectomy and sham groups
Three randomly selected three animals were used for each
time point. After injecting Ketamine (Ketalar, Park Davis)
subcutaneously at a dose of 30 mg/kg, liver resections
consisting of 70% of the liver mass were performed in PH
group[24]. Sham group of animals underwent the same per
operative anesthesia with the PH group. All the surgical
operations were done the same as PH, but the liver lobes were
not resected. All the operations were performed between 8:00
AM and 12:00 PM to minimize diurnal effects. After the
completion of the procedure, the animals were placed under a
lamp to prevent the hypotermy and then put into cages (one
animal per cage) with continuous supply of food and water.
The animals in the PH and corresponding sham groups were
sacrificed at 0.5, 2, 8, 18, 36 hours, 3 days, 7 days and 14 days
after the operation. The group of animals in which no surgery
was performed, as used as normal liver group and mentioned
time “0” in quantitated graphs. After sacrifying the animal
by cervical dislocation, the remnant liver lobes were excised
and washed in DMEM medium, then immediately frozen in
liquid nitrogen.

Total RNA isolation and reverse transcription
The RNAs were isolated from all the liver samples using
Tripure solution (Roche- Boehringer, Mannheim) according
to the manufacturer’s protocol. The integrity of the isolated
RNA samples was determined by denaturing- (formaldehyde-)
agarose gel electrophoresis. The cDNA samples were
synthesized from the total RNA samples with the RevertAid
First Strand cDNA Synthesis Kit (MBI Fermentas) by using
the manufacturer’s protocol.

Primer design and semi-quantitative PCR
We designed primers for bcl-2, bcl-xL and bax by using the
cDNA sequences of rat homologues of these genes (GenBank
accession numbers of rat homologues of bcl-2 is NM_016993,
bcl-xL is U34963, and bax is S76511). In the case of bak, the
cDNA sequences of mouse (Y13231) and human (U23765)
were aligned by Blast (NCBI), and primers were chosen from
the longest conserved regions by selecting the mouse sequences
in the regions of mismatches. As a housekeeping gene, we
used cyclophilin, and primers were designed by using the rat
cDNA sequence (GenBank accession number: M19533). The
primer pairs used for each gene were as follows: cyclophilin:
GGGAAGGTGAAAGAAGGCAT and GAGAGCAGAG
ATTACAGGGT; bcl-2: CCTGGCATCTTCTCCTTC and
TGCTGACCTCACTTGTGG; bcl-xL: TCAATGGCAACC
CTTCCTGG and ATCCGACTCACCAATACCTG; bax:
ACGCATCCACCAAGAAGC and GAAGTCCAGAGTC
CAGCC; bak: CCGGAATTCCAGGACACAGAGGA and
CCAAGCTTGCCCAACAGAACCAC.
      In all the reactions, the negative control group was done by
using ddH2O instead of cDNA. For each gene, we determined
the cycle number of PCR reactions in which the PCR reaction
was not saturated. Based on this, we used the following PCR
conditions: The initial denaturation step was at 95 , followed
by 18 (cyclophilin), 33 (bcl-2), 37 (bcl-xL), 28 (bax), 29 (bak)
cycles of denaturation for 30 seconds at 95 , annealing for
30 seconds at either 55  (cyclophilin, bcl-2, bak) or 52 

(bcl-xL), or 60  (bax), and extension for 30 seconds at 72 .
A final extension at 72  for 10 minutes was applied to all the
reactions and the PCR products were electrophoresed on a
1.2% agarose gel. Each PCR reaction was replicated three
times. The quantitated values for the expression of bcl-2 family
members were normalized with the quantitated values for the
cyclophilin for each sample respectively by comparing with
the expression level of cyclophilin in normal liver. The
normalized values were then analyzed using Multi-Analyst
software and the graphs were drawn.

Calculation of AUC
Area under the curve (AUC) calculations was performed as
shown by Tygstrup et al[25]. Results of the expression levels of
the bcl-2 family genes by RT-PCR are given as mean ± SEM.
As a measure of the change in expression level during the
experimental period, the area of the expression level/time curve
(AUC: cDNA level x time) was calculated as the sum of the
area of the intervals between the samplings for PH and sham
groups. Since the time intervals were different, in order to
standardize the calculations, we used hour as the unit of X-
axis i.e. between 7 days and 14 days, we multiplied with 168
(24x7) to calculate the area under the curve. To determine
the hourly changes at the AUC, we divided the AUC values
by the hour difference between each two-time points; i.e.
between 2 and 8 hour groups, AUC value was calculated and
divided by 6.

Statistical tests
For each group of three animals the mean expression level
was calculated at the given time points. The means of PH and
sham groups were compared using Mann-Whitney test. Since
sham group animals seemed to have higher levels of expression
of these genes than the hepatectomized animals, one-sided
significance level (P value) of 0.05 was used. The null hypothesis
of no difference between the expression of bax, bak, bcl-2,
and bcl-xL in PH and sham groups was tested versus the research
hypothesis that PH group had lower level of expression than
the sham group.

RESULTS
Since the transcriptional control of bcl-2 gene family has been
known to be important, we performed semi-quantitative RT-
PCR to examine the changes in the expression levels of the
transcripts of bcl-2, bcl-xL, bax and bak in the livers of rats
that were subjected to either 70% PH, or sham operation at
different time points (Figures 1-4). In all the experiments, the
expression at “time 0” was the quantitated expression of each
gene in normal livers and accepted as “1” in order to make a
comparison with the subsequent time groups.

Expression pattern of pro-apoptotic genes
Two hours after hepatectomy, in 70% PH groups, we observed
that the transcript level of bak was decreased by twofold
compared with that in normal liver (Figure 1, “time 0”).
Although bak expression levels reached the levels observed in
normal liver at 8 hours and 7 days, bak was expressed less in
comparison with that in the normal liver at other time points
(Figure 1, solid circles). On the other hand, in sham group of
animals, the expression of bak mRNA was higher than that in
the normal liver and hepatectomized group at every time point
(Figure 1, open circles). The expression of bak was significantly
higher in sham group than in PH group (P<0.001).
     Another pro-apoptotic gene, bax mRNA expression, like
bak, was increased at 0.5 hour after hepatectomy and then
decreased to below the level in normal liver by 2 hours (Figure
2, solid circles). During the 14-day period except the increase



at 8 hours after hepatectomy, bax expression showed a steady
pattern and by 14 days after hepatectomy, it reached almost
the expression level of the normal liver (Figure 2, solid circles).
The expression of bax in sham group did not show any sharp
changes and unlike bak, it remained close to the levels of
normal liver by 14 days (Figure 2, open circles). The test results
revealed that the expression of bax was significantly higher in
sham group than in PH group (P<0.05).

Figure 1  A: The expression of bak in 70% hepatectomized (PH)
and sham (SH) groups shown in 1.2 % agarose gel. B: The quan-
titated expression of bak in 70% PH (__·__) or sham (__o__) groups.
Results were expressed as mean ± SEM of triplicate animals
with n=3 rats per time point. The expressions were quantitated
with the expression of cyclophilin for each sample and analyzed
using the Multi-Analyst software. The expression at “time 0”
denoted the quantitated expression of bak in normal liver and
was accepted as “1”. In comparison among the mean values at
each time point, it was revealed that the means for bak in PH
group were significantly less than those in SH group (P<0.001
Mann Witney U test).

Figure 2  A: The expression of bax in 70% hepatectomized (PH)
and sham (SH) groups shown in 1.2% agarose gel. B: The quan-
titated expression of bax in 70% PH (__·__) or sham (__o__) groups.
Results were expressed as mean ± SEM of triplicate animals
with n=3 rats per time point. The expressions were quantitated
with the expression of cyclophilin for each sample and analyzed
using the Multi-Analyst software. The expression at “time 0”
denoted the quantitated expression of bax in normal liver and
was accepted as “1”. In comparison among the mean values at

each time point, it was revealed that the bax values in PH group
were less than those in SH group (one-tailed P<0.05, Mann
Witney U test).

Figure 3  A: The expression of bcl-2 in 70% hepatectomized
(PH) and sham (SH) groups shown in 1.2 % agarose gel. B: The
quantitated expression of bcl-2 in 70% PH (__·__) or sham (__o__)
groups. Results were expressed as mean ± SEM of triplicate
animals with n=3 rats per time point. The expressions were
quantitated with the expression of cyclophilin for each sample
and analyzed using the Multi-Analyst software. The expres-
sion at “time 0” denoted the quantitated expression of bcl-2 in
normal liver and was accepted as “1”. Comparing the mean
values at each time point, we found no difference in bcl-2 val-
ues between PH and SH group.

Figure 4  A: The expression of bcl-xL in 70% hepatectomized
(PH) and sham (SH) groups shown in 1.2 % agarose gel. B: The
quantitated expression of bcl-xL in 70% PH (__·__) or sham (__o__)
groups. Results were expressed as mean ± SEM of triplicate
animals with n=3 rats per time point. The expressions were
quantitated with the expression of cyclophilin for each sample
and analyzed using the Multi-Analyst software. The expres-
sion at “time 0” denoted the quantitated expression of bcl-xL in
normal liver and was accepted as “1”. Comparing the mean
values at each time points, no difference in bcl-xL values be-
tween PH and SH groups was found.

Expression pattern of anti-apoptotic genes
Amongst the anti-apoptotic members of bcl-2 gene family, bcl-
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2 mRNA expression did not decrease to below the level in
normal liver both in PH and sham groups. Its level was
increased 0.5 hour after hepatectomy and peaked at 8 hours
and 7 days after hepatectomy, more than 2-fold that of the
normal liver (Figure 3, solid circles). In the sham group of
animals, the expression of this gene also increased by 0.5 hour
after surgery and then followed a steady level until day 14.
The expression of bcl-2 in PH and sham group showed a similar
pattern except at 14 day. At this time point, bcl-2 expression
was more than two-fold in sham group compared to PH group
(Figure 3, open circles).
      The expression of another anti-apoptotic gene bcl-xL showed
more than 3-fold increase by 8 hours after hepatectomy whereas
at the same time interval, the sham group had almost two-fold
increase compared to normal liver. The amount of bcl-xL

expression decreased afterwards both in PH and sham group
(Figure 4). However, in both groups, the expression level was
always above the levels in normal liver at all time points.

AUC calculation
In order to better compare the expression levels of bak, bax,
bcl-2 and bcl-xL during the whole regeneration process, we
calculated the AUC values for partially hepatectomized and
sham groups, i.e.; the area between the lines connecting cDNA
levels of different time and zero. It is important to emphasize
that AUC is an arbitrary value but provides a comparison
between the total expression of these genes in PH and sham
groups. The AUC values for PH and sham groups for each
gene analyzed are shown in Table 1. AUC values of all the
genes were higher in sham group compared with those in the
PH group. Interestingly however, the difference was more
obvious for pro-apoptotic genes (bak and bax) than for anti-
apoptotic genes (bcl-2 and bcl-xL). We detected an 87% and
64% increase in expression levels of pro-apoptotic genes (bak
and bax respectively) in sham group compared to PH group,
whereas, this difference was 25% in bcl-2 and 21% in bcl-xL .

      Since the time intervals ranged from 0.5 hour to 7 days, we
calculated hourly changes of AUC values in our experiments
for each of bcl-2 family of genes in hepatectomized and sham
group of animals. We measured AUC value for each time group
and divided this value by the hours of that particular group
(Table 2). The values for bak and bax were found to be
significantly higher in sham group than in hepatectomized
group (P<0.05). No significant difference was found for bcl-2
and bcl-xL values.

Table 1  AUC of cDNA expression for members of the bcl-2
family of genes

   AUC (70% PH)       AUC (SH)           Change

bak 324 609 87%
bax 245 402 64%
bcl-2 666 837 25%
bcl-xL 494 601 21%

DISCUSSION
During liver regeneration, apoptosis allows hepatocytes to die
without provoking a potentially harmful inflammatory
response. The harmony amongst these complex biological
responses is crucial since abnormal regeneration may result in
fulminant liver failure, cirrhosis and primary liver cancers[26].
Since programmed cell death is a major component of hepatic
regeneration mechanism, and the bcl-2 family members are
the main regulators of this cellular death pathway, we
concentrated on the expression level of these genes throughout
the regeneration of liver induced by partial hepatectomy. For
all of the members of this family, it has been shown that the
transcriptional activation or suppression is critical[27,28]. Existing
data in literature suggests the involvement of these genes in
regeneration process however, the expression of these genes
has been shown for only 4 days after hepatectomy[19-23]. Liver
regeneration is a long lasting event but there have been no
studies regarding the expression of these genes during the later
stages of liver regeneration. Since apoptosis is a homeostatic
mechanism, the expression of the genes that regulate apoptosis
should be important during the whole regeneration process.
Therefore, in this study, we quantitated the expression levels
of bak, bax, bcl-2 and bcl-xL up to 14 days post-hepatectomy,
which is the time needed for the completion of regeneration
process. In addition, we also examined the expression of these
genes in corresponding sham group of animals.
     Our data regarding the expression of bak, bax and bcl-xL

during early stages of regeneration (within the first four
days) were consistent with previous studies[19-23]. However
contradictory data have been published about the expression
of bcl-2 in normal liver prior to hepatectomy. It has been
reported that by using Northern blot Tzung et al[29] did not
find any bcl-2 expression, whereas Kren et al[21] did. Similar
to our results Masson et al[22] also found a basal expression of
bcl-2 by using RT-PCR. Since the source of bcl-2 is non-
parenchymal cells, a more sensitive method such as RT-PCR
is a better choice of analyzing its expression.
     According to our results, the expression levels of bax and
bak in PH group were lower than those in the normal liver
except 0.5 and 8 hours after 70% hepatectomy. On the other
hand, the anti-apoptotic genes, bcl-2 and bcl-xL had higher
expression levels than those in the normal liver at most of the
time points. Amongst them, the expression of bcl-xL in
hepatectomized animals was higher than that of normal liver
at all the time points. We observed an overall decrease in the
pro-apoptotic genes (bax and bak) and an increase in the anti-
apoptotic genes (bcl-2 and bcl-xL) expression compared to that
in normal liver. Recently, Locker et al has also shown  increased
antiapoptotic regulators and down-regulated proapoptotic
regulators by using microarray technology during liver
regeneration in mouse[30]. Thus, the increase in the ratio of anti-
vs. pro-apoptotic gene expression was in favor of survival of
the liver tissue throughout the regeneration process.
      In our study, we also compared the total expression of these

Table 2  Hourly changes of AUC values for the members of the bcl-2 family of genes

           bak PHa                       bak SHa             bax PHa              bax SHa          bcl-2 PH           bcl-2 SH          bcl-xL PH         bcl-xL SH

0.5-2 h 0.94 1.25 1.12 2.36 1.81 1.56 2.53 2.13
2-8 h 0.91 1.37 0.8 1.12 1.76 1.88 2.86 2.82
8-18 h 1.01 1.5 1.15 1.19 1.86 2 2.73 2.36
18-24 h 0.75 1.53 0.8 1.19 1.33 1.73 1.78 1.99
24-36 h 0.7 1.52 0.75 1.03 1 1.28 1.53 1.82
36-168 h 0.97 1.58 0.45 1.29 1.65 1.53 1.41 1.87
168-33 6h 0.98 2.1 0.9 1.2 2.35 3.42 1.37 1.64

aP<0.05 vs the expression of bak and bax was significantly higher in sham group than that in the hepatectomized group.
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genes between sham and partially hepatectomized groups by
calculating AUC as used by Tygstrup et al[25]. In their study
AUC calculation was used to show and compare the mRNA
profiles of a set of liver function related and repair related
genes in different liver injury and stress models. By comparing
AUC values, they have shown that the expressions of several
genes related to liver function were reduced[25]. By calculating
AUC values, we found an interesting phenomenon that had
not been reported in previous studies. The AUC values of all
the bcl-2 family of genes were higher in sham group than that
of PH group, suggesting the overall expression levels of
apoptotic regulator genes in sham group were increased more
than those in the hepatectomized group. Since the sham group
of animals had undergone the same period of anesthesia and
were sacrificed at the same time, the effect of circadian rhythms
on the expression of these genes could be ruled out. In addition,
when we measured the hourly changes of the expression of
these genes, we found an increase in all the genes that we
studied in the sham group compared to PH group except for
the first 18 hours in bcl-xL. The increase in the case of bak and
bax were statistically significant. This indicated that the
expressions of bak and bax were up regulated in sham group
compared to those in hepatectomized group. Therefore, many
of the previous findings of expressional changes in transcript
levels of bcl-2, bcl-xL, bax and bak might be due to not only
regeneration, but also the effects of surgical operations.
     The reduction in the expression of proapoptotic bak and
bax in PH group compared to sham group may be related to
the enhanced effects of some growth factors on liver
proliferation to prevent apoptosis and to ensure the survival of
the tissue. It has also been reported that the majority of the rats
that had undergone PH, later developed tumors in their remnant
liver[31]. Therefore it is tempting to speculate that decreased
expression of proapoptotic genes might be responsible for this
outcome. However, the cause for the reduction in the expression
of anti-apoptotic bcl-2 family of genes in PH group compared
to sham group has been unclear. In the case of bcl-2, since it is
expressed exclusively by non-parenchymal cells and especially
cholangiocytes, removal of a large portion of the liver might
be the explanation for this reduction. Thus, it could be
speculated that upon removal of a large portion of the tissue,
the liver conferred priority to the expression of vitally most
important genes.
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Abstract
AIM: To observe the frequent complications of stent
placement for stricture of the gastrointestinal tract and to
find proper treatment.

METHODS: A total number of 140 stents were inserted in 138
patients with benign stricture of the gastrointestinal tract. The
procedure was completed under fluoroscopy in all of the patients.

RESULTS: Stents were successfully placed in all the 138
patients. Pains occurred in 23 patients (16.7%), slight or dull
pains were found in 21 patients and severe chest pain in 2
respectively. For the former type of pain, the patients received
only analgesia or even no treatment, while peridural anesthesics
was conducted for the latter condition. Reflux occurred in 16
of these patients (11.6%) after stent placement. It was
managed by common antireflux procedures. Gastrointestinal
bleeding occurred in 13 patients (9.4%), and was treated by
hemostat. Restenosis of the gastrointestinal tract occurred
in 8 patients (5.8%), and was apparently associated with
hyperplasia of granulation tissue. In 2 patients, the second
stent was placed under X-ray guidance. The granulation tissue
was removed by cauterization through hot-node therapy under
gastroscope guidance in 3 patients, and surgical reconstruction
was performed in another 3 patients. Stent migration occurred
in 5 patients (3.6%), and were extracted with the aid of a
gastroscope. Food-bolus obstruction was encountered in 2
patients (1.4%) and was treated by endoscope removal. No
perforation occurred in all patients.

CONCLUSION: Frequent complications after stent placement
for benign stricture of the gastrointestinal tract include pain,
reflux, bleeding, restenosis, stent migration and food-bolus
obstruction. They can be treated by drugs, the second stent
placement or gastroscopic procedures depend on the specific
condition.

Cheng YS, Li MH, Chen WX, Chen NW, Zhuang QX, Shang KZ.
Complications of stent placement for benign stricture of
gastrointestinal tract. World J Gastroenterol  2004; 10(2): 284-286
http://www.wjgnet.com/1007-9327/10/284.asp

INTRODUCTION
Stricture of the gastrointestinal tract is a common complication
associated with various diseases of the gastrointestinal tract.
Previously, such conditions were treated surgically in most
patients. Operational difficulties and increased expense have
limited its application. The recently established non-vascular
stent technology could provide a new approach for such
patients[1]. The procedure has been proved to be effective, but
it has various complications[2-5]. Since 1994, we have placed
gastrointestinal stents for benign stricture in 138 patients.
Various complications were encountered and treated effectively.

MATERIALS AND METHODS

Materials
Our cohort comprised 138 patients (81 males, 57 females; ages,
18 to 82 years, mean 53.6 years) with benign stricture of
gastrointestinal tract. All patients were examined by endoscopy
or gastrointestinal barium radiography. Among the 138
patients, 8 had simple sclerosis stricture after radiation therapy
for esophageal carcinoma, 86 had achalasia, 36 had esophageal
and esophago-gastric anastomosis stricture (complicated with
anastomosis fistula in 2), 4 had gastro-duodenal anastomosis
stricture, and 4 had esophageal chemical corrosive stricture.
All the patients had dysphagia, frequent vomiting, and/or
dysphoria before stent placement. The follow-up lasted for 1
week to 8 years.

Methods
Stents were placed in all of the 138 patients under X-ray
guidance. For the patients with serious stricture, a probe or
saccule was used repeatedly to expand the lesion before stent
placement. A total of 140 stents were placed, with two stents
at the same site in 2 patients.

RESULTS
Various complications encountered are listed in Table 1.

Table 1  Complications of stent placement for benign stricture
of gastrointestinal tract

Type of complication       Patients (n)           Incidence (%)

Pain 23   16.7
     Slight or mild 21   15.2
     Severe   2     1.5
Reflux 16   11.6
Bleeding 13     9.4
Restonsis   8     5.8
Stent migration   5     3.6
Food-bolus obstruction   2     1.4

     Complications were treated according to the specific
conditions in each patient. Slight or mild pains (n=21) that did
not affect work and rest were not treated (n=12) and that
affecting work and rest were treated with analgesics (n=9).
For the 2 patients who had severe pain, an analgesic was first



used. This was not effective, peridural anesthesia was conducted
and the pain disappeared within 2 days. Sixteen patients had
gastro-esophageal or duodenum-gastro biliary regurgitation.
Thirteen patients who had gastro-esophageal reflux after stent
placement in cardiac achalasia were treated with antacid agent
(omeprazole), gastric mucosa protectant (sucralfate) and
dynamic medicine (domperidone) for 2 weeks or longer.
Administration of medicines was reduced or suspended when
symptoms palliated. Thirteen patients exhibited bleeding after
stent placement. The bleeding disappeared 2 weeks after venous
injection of adrenobazonum. Recurrence of the stricture was
observed after stent placement in 8 patients. The second stent
was placed in 2 patients under X-ray guidance. Hyperplasia of
granulation tissue was cauterized by hot-node therapy in 3
patients under gastroscope and surgically reconstructed in 3
patients. Stent migration was encountered in 5 patients, and
the stent was extracted with the aid of a gastroscope. Two
patients had food-bolus obstruction. It was removed under
gastroscope guidance. No perforation occurred in this series.

DISCUSSION
Complications were frequently encountered after stent placement
in benign stricture of gastrointestinal tract[1-3]. The application
of this approach would be hampered if these complications
were not well treated. The occurrence of complications was
related to the material and structure of stents and skill of the
operator. It was also associated with the region and nature of
pathological changes and physiques of the patients[4–6].
However, treatment of the complications remains difficult.
    Pain is one of the common complications after stent
placement in benign stricture of gastrointestinal tract, and it
usually disappears within 2-4 weeks. The causes of pain are
diverse. In terms of stent-related reasons, one is the resulted
physical expansion, the other is that pain occurs more
frequently in patients with severe lesions. Pain is also closely
associated with sites of the lesions. The upper part of the
esophagus is sensitive to pain, and mucosa erosion occurs more
frequently in lower part due to reflux, resulting in a burning
sensation. A stent with a diameter of 16 mm was used for patients
with serious stricture, stricture at the upper or lower part of the
esophagus. This reduced the pain markedly. Severe pain occurred
in 2 patients after stent placement. When omeprazole was
suspended, a severe chest pain was complained by the patients
3 days later. Treatment with dolantin was not satisfactory, and
venous injection of omeprazole and peridural anesthesia were
used for 2 days to relieve the pain. In terms of pain after stent
placement, the incidence (16.7%) was slightly higher than those
reported previously[7-26]. This may be attributable to the types of
lesions and size of the stents. In our series, all patients had  benign
stricture and large diameter stents were used.
     Reflux was mostly associated with pathological changes at
the lower part of the esophagus. Expansion by the stents often
caused disruption of the lower sphincter of esophagus, resulting
in reflux. This problem could cause reflux esophagitis. After
stent placement in cardiac achalasia, both reflux and bleeding
occurred in three patients and disappeared after treatment with
antacid agent, hemostat, and antireflux agent. The incidence
of reflux esophagitis (11.6%) in our patients was similar to
those previously reported (10-50%). The incidence of bleeding
(9.4%) was also similar to those described by other authors[27-34].
      Restenosis of the gastrointestinal tract is a thorny problem
after stent placement. Benign restenosis is primarily caused
by hyperplasia of granulation tissue, this was particularly true,
while uncovered stents were used. We adopted one of the
procedures for the restenosis including placement of the second
stent, or cauterization through hot-node therapy or surgical
reconstruction. However, in some patients covered stents could

not be used for anatomical and pathological reasons, such as
the ampullary region (open end of the choledochus) or the
descending part of the duodenum. Covered stents could easily
cause obstructive jaundice, and uncovered stents were used in
such patients. The incidence of restenosis in our series (5.8%)
was among the range as reported by other authors (3-20%)[35-38].
     Stent migration was a complication that occurred within
one to four weeks in most patients after stent placement in the
gastrointestinal tract. In a few patients it occurred 3 months
after stent placement. Typically, this occurred most frequently
in patients with covered stents. The displaced stents were
extracted under gastroscope guidance. The incidence of stent
displacement in our series (3.6%) was in the range as reported
previously (0-12.5%)[39-42].
      The incidence of food-bolus obstruction reported in other
countries ranged from 7% to 20%[1], while it was 1.4% in our
series. After stent placement, we provided the patients with a
fluid or semi-fluid diet at the early stage, a small amount each
time and several times a day. Patient compliance with this
advice could explain, at least partially, the low incidence of
food-bolus obstruction in our series. When this complication
occurred, food-bolus could be removed under gastroscope.
Perfortion in the gastrointestinal tract was rare[43-46]. If happened,
a second covered stent should be placed or surgery should be
conducted immediately.
     In patients with malignant pathological changes, stent
placement in the gastrointestinal tract was very useful for
improving their quality of life. For patients with benign
strictures, however, caution was required when placing a stent,
especially when it was intended to be permanent. Recoverable
stents and biologically degradable stents can be expected to
overcome the difficulties and prevent restenosis. This would
also reduce the incidence of stent-related complications.
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Abstract
AIM: Modified Heller’s myotomy is still the first choice for
achalasia and the assessment of surgical outcomes is usually
made based on the subjective sensation of patients. This
study was to objectively assess the long-term outcomes of
esophageal myotomy for achalasia using esophageal
manometry, 24-hourour pH monitoring, esophageal
scintigraphy and fiberoptic esophagoscopy.

METHODS: From February 1979 to October 2000, 176
patients with achalasia underwent modified Heller’s
myotomy, including esophageal myotomy alone in 146
patients, myotomy in combination with Gallone or Dor
antireflux procedure in 22 and 8 patients, respectively. Clinical
score, pressure of the lower esophageal sphincter (LES),
esophageal clearance rate and gastroesophageal reflux were
determined before and 1 to 22 years after surgery.

RESULTS: After a median follow-up of 14 years, 84.5% of
patients had a good or excellent relief of symptoms, and
clinical scores as well as resting pressures of the esophageal
body and LES were reduced compared with preoperative
values (P<0.001). However, there was no significant difference
in DeMeester score between pre- and postoperative patients
(P=0.51). Esophageal transit was improved in postoperative
patients, but still slower than that in normal controls. The
incidence of gastroesophageal reflux in patients who
underwent esophageal myotomy alone was 63.6% compared
to 27.3% in those who underwent myotomy and antireflux
procedure (P=0.087). Three (1.7%) patients were complicated
with esophageal cancer after surgery.

CONCLUSION: Esophageal myotomy for achalasia can
reduce the resting pressures of the esophageal body and
LES and improve esophageal transit and dysphagia. Myotomy
in combination with antireflux procedure can prevent
gastroesophageal reflux to a certain extent, but further
randomized studies should be carried out to demonstrate
its efficacy.

Liu JF, Zhang J, Tian ZQ, Wang QZ, Li BQ, Wang FS, Cao FM,
Zhang YF, Li Y, Fan Z, Han JJ, Liu H. Long-term outcome of
esophageal myotomy for achalasia. World J Gastroenterol  2004;
10(1): 287-291
http://www.wjgnet.com/1007-9327/10/287.asp

INTRODUCTION
Achalasia is an esophageal motility disorder characterized by
failure of lower esophageal sphincter (LES) to relax with
swallowing and by the absence of esophageal peristalsis. Up
to now, surgical treatment is still the first choice for the disease
although dilatation and medication have been reported
extensively[1-5]. Because pathophysiological changes of
achalasia could not be rectified by any measures, the treatment
usually aims at the reduction of LES pressure in order to
increase esophageal transit and relieve dysphagia[6].
      The outcomes of myotomy for achalasia have been assessed
usually according to the subjective sensation of patients in other
studies[7], which lack objective criteria. Until now, there have
been no reports about the objective evaluation on long-term
outcomes of Heller’s myotomy for achalasia in a large group
of patients in China. The aim of this study was to objectively
evaluate the long-term outcomes of Heller’s myotomy for
achalasia by 24-hour pH monitoring, esophageal manometry,
esophageal scintigraphy and esophagoscopy.

MATERIALS AND METHODS

General materials
From February 1979 to October 2000, 176 patients underwent
modified Heller’s myotomy for achalasia at the Department
of Thoracic Surgery, Fourth Hospital, Hebei Medical University.
There were 78 men and 98 women, ranging from 8 to 62 years
(mean 32.9 years). All patients (100%) had varying extent of
dysphagia for a mean of 4.8 years (range 2 months to 37 years)
before operation. One hundred and thirteen (64.2%) patients
had vomiting, 54 (30.7%) regurgitation at night, 8 (4.5%)
chest pain or substernal discomfort and 2 (1.1%) heartburn.
Symptoms were evaluated by a clinical scoring system
proposed by Eckardt et al[8], in which a sum of the individual
scores of three major symptoms including dysphagia, heartburn
and chest pain was calculated. Each of these symptoms was
graded as followings: 0, absent; 1, occasional; 2 daily; 3, with
each meal. Therefore, the highest score was 9.

Pre-operative examination
Before surgery, esophagography was performed for all patients,
esophagoscopy (Olympus GIF 100) for 114, esophageal
manometry (Synectics Medical, Stockholm, Sweden) for 50,
24-hour esophageal pH monitoring (Synectics Medical,
Stockholm, Sweden) for 12, esophageal scintigraphy as
previously described[9] for 12 patients and 12 normal subjects
as controls. Existence of gastroesophageal reflux was defined
if a DeMeester score was more than 14.72 by 24-hour
esophageal pH monitoring.

Surgery
Myotomy was performed from 5 cm above the esophagogastric
junction to 1.5 cm distal to the esophagogastric junction for
all of the 176 patients. As an antireflux procedure, Gallone
operation[10] was added for 22 patients and Dor operation[11]

for 8 patients. Thus, 146 patients underwent esophageal
myotomy only, and 30 patients underwent combined esophageal
myotomy and antireflux procedure in the present study.
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Follow-up study
Fifty-eight patients were followed up from 1 year to 22 years
after surgery, with a median follow-up of 14 years. The patients
were inquired for dysphagia, heartburn and chest pain. Clinical
scores were calculated according to Eckardt et al[8] and
compared with preoperative values. According to the method
described by Devaney et al[12], the efficacy of operation was
graded as excellent (completely asymptomatic), good (mild
symptoms requiring no treatment), fair (symptoms requiring
occasional treatment such as dilatation or anti-diarrhea
medication), and poor (symptoms requiring regular treatment).
Postoperatively, esophageal manometry was performed for
30 patients, 24-hour pH monitoring for 22, esophageal
scintigraphy for 42, and esophagoscopy for 15.

Statistical analysis
Data on clinical scores, resting pressures of the esophageal
body and LES, and DeMeester scores were expressed as
mean±SD, and analysed with Student’s t test. The incidence
of gastroesophageal reflux and esophagitis was assessed with
Chi-square test. Statistical analyses were performed using a
SPSS 10.0 software package, and the differences were
considered as significant if P<0.05.

RESULTS
In the present study, 84.5% (49/58) of patients had a good or
excellent relief of dysphagia after a median follow-up of
14 years. Table 1 shows pre- and post-operative clinical scores,
resting pressures of the esophageal body and LES, and
DeMeester scores. Clinical scores and resting pressures of
the esophageal body and LES were significantly reduced after
Heller’s myotomy (P<0.001). After a long-term follow-up
study, both clinical scores and LES pressures still remained
lower than preoperative values, but had a trend of elevation

with the lapse of postoperative time (Figures 1 and 2). There
were no significant differences in DeMeester score between
pre- and post-operative patients (P=0.512). DeMeester scores
were above normal value in 33.3% (4/12) of preoperative
patients, and in 45.5% (10/22) of postoperative patients
(P=0.717). In contrast, esophagitis was detected with
esophagoscopy in 21.9% (25/114) of the patients before surgery
and in 46.7% (7/15) after surgery (P=0.054). Compared with
preoperative patients, the esophageal clearance rate was
improved in postoperative patients, but did not reach normal
until the fifth minute after swallowing of isotope-labeled semi-
liquid food (Table 2).
      In group of esophageal myotomy with anti-reflux procedure,
clinical scores were similar to those in group of esophageal
myotomy alone (P=0.27). Also, there was no significant
difference in objective parameters including LES resting
pressure and DeMeester score between the 2 groups (P>0.05)
(Table 3). Twenty-four-hour esophageal pH monitoring showed
that the incidence of gastroesophageal reflux in patients
undergoing esophageal myotomy with anti-reflux procedure
was 27.3% (3/11) compared to 63.6% (7/11) in those undergoing
esophageal myotomy only (P=0.087).
    Four patients were found to have varying extents of
resumption of esophageal peristalsis by esophageal manometry
at 20 months, 7, 15 and 20 years after esophageal myotomy,
respectively (Figure 3). Three (1.7%) patients underwent re-
operation, of whom 2 underwent myotomy again at 1 year and
4 years after surgery respectively for severe dysphagia due to
scar formation around abdominal segment of the esophagus,
and the remaining 1 underwent resection of the lower third of
the esophagus at the third postoperative year due to repeated
bleeding resulted from gastroesophageal reflux. Squamous cell
carcinoma occurred in 3 (1.7%) patients at 6, 17 and 18 years
after Heller’s myotomy, respectively, and esophagectomy was
performed for these patients.

Table 1  Objective and subjective parameters from patients with achalasia before and after Heller’s myotomy

         Before surgery           After surgery
    t   P

   n  mean±SD  n  mean±SD

Clinical score 176   4.11±0.93 58   1.84±1.26 14.66 0.000
RP of the LES (cm H2O)   50 31.14±10.54 30 18.05±8.90   5.76 0.000
RP of the EB (cm H2O)   50 13.66±5.49 30   4.96±4.86   7.15 0.000
DeMeester score   12 33.87±54.2 22 49.75±73.4   0.663 0.512

RP=resting pressure, EB=esophageal body.

Table 2  Esophageal clearance rates for pre- and post-myotomy patients and normal controls (mean±SD%)

          Times after isotope labeled semi-liquid meal intaken
          n

5th second 1st minute 2nd minute 5th minute

Normal controls         12   91.7±1.4 92.5±1.9 92.8±2.1 93.0±2.5
Pre-myotomy pts         12     7.5±2.1a 40.4±28.2a 45.5±30.1a 50.5±35.5a

Post-myotomy pts         42   33.7±8.8b 80.2±19.1c 85.4±12.2c 94.4±5.1

aP<0.01 vs normal controls and post-myotomy patients, bP<0.01 vs normal controls, cP<0.05 vs normal controls.

Table 3  Subjective and objective parameters from patients who underwent Heller’s myotomy alone and in combination with
antireflux procedure

       Heller alone     Heller+antireflux
   t   P

 n mean±SD  n mean±SD

Clinical score 47 1.79±1.19 11 2.27±1.62 1.11 0.27
LES RP(cm H2O) 25 18.4±9.80   5 16.6±3.23 0.44 0.66
DeMeester score 11 44.4±38.5 11 55.1±29.3 0.34 0.74



Figure 1  Clinical scores before and at various intervals after
Heller’s myotomy. Data were expressed as mean±SD. aP<0.001
vs before surgery.

Figure 2  Lower esophageal sphincter (LES) pressure before
and at various times after Heller’s myotomy. Data were ex-
pressed as mean±SD. aP<0.001 vs before surgery.
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Figure 3  Esophageal manometric tracings obtained from a 29-y female patient with achalasia before and after Heller’s myotomy.
A, Preoperative manometry showed simultaneous contractions of the esophagus, suggestive of no pulsive peristalsis. B, Esoph-
ageal manometry revealed peristaltic contractions seven years after Heller’s myotomy.
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DISCUSSION
Achalasia is an uncommon disease. Although there are no
epidemiological data in China, its incidence is one per
100 000 population in Western countries[13-16]. The major
pathophysiological changes of achalasia are aperistalsis of the
smooth muscle portion of the esophagus and absent or
incomplete relaxation of LES with swallowing. Neuroanatomic
data suggest ganglion cell is degenerated in the esophageal
myenteric plexus. Although the cause of achalasia is unknown,
it has been hypothesized to be related to class II HLA antigen
DQw1[16], and herpes zoster[17] or measles virus infections[18].
The finding of antimyenteric neuron antibodies in achalasia
patients has shown it is an autoimmune pathogenesis[19].
      In general, aperistalsis of the esophagus in achalasia patients
is not reversible after esophageal myotomy. For this reason,
its treatment usually aims at the reduction of LES resting
pressure. In the currently used methods, medication and dilation
have been found to have a certain efficacy, but the duration of
dysphagia relief was short[20,21]. Thus, up to now, myotomy
has been the first choice for achalasia. In the present study,
both LES resting pressure and clinical score were significantly
decreased after Heller’s myotomy, and 84.5% of patients had
a good or excellent relief of dysphagia. This figure was
consistent with other reports[22,23]. Furthermore, the relief of
clinical symptoms was permanent after Heller’s myotomy in
the present study. In contrast, the effective relief of symptoms
has been reported to present in only 15%-30% of patients one
year after intra-sphincter injection of botulium toxin[3,24], and
in 50% of patients one year after pneumatic dilatation[3].
     Our results of esophageal manometry showed that resting
pressure of the esophageal body was also decreased along with
the drop of LES pressure after esophageal myotomy. This may
be resulted from the reduction or disappearance of intra-
esophageal content after Heller’s myotomy. Generally,
aperistaltic esophagus could not become peristaltic after Heller’s
myotomy. However, we found that aperistaltic esophagus
resumed peristalsis in 4 patients at 20 months, 7, 15 and 20
years after surgery, respectively. In these patients, the mean time
of dysphagia was 1.1 years (range 2 months to 8 years) before
surgery, which was shorter than that in the entire group (4.8
years), and there were 2 patients with moderate dilation of the
esophagus and 2 with mild dilation. Although the reason is
unknown, this finding indicates that it is potential for a few
achalasia patients to resume their esophageal peristalsis after
Heller’s myotomy. Chen and colleagues[25] found that the return
of peristalsis was seen mainly in patients with a short clinical
evolution, and a little esophageal dilation with preserved contractile
capacity. Therefore, we suggest that Heller’s myotomy should
be performed as early as possible once achalasia is diagnosed.
     In the present study, DeMeester scores had no significant
changes after Heller’s myotomy compared with preoperative
values. It was reported that gastroesophageal reflux seldom
occurred in patients with achalasia before Heller’s myotomy,
and the reasons for higher DeMeester scores in aperistaltic
esophagus were due to the increase of lactic acid resulted from
fermentation of retained food in the esophagus[26,27]. In the
present study, 24-hour esophageal pH monitoring showed that
DeMeester scores were above the normal level in 33.3% of
patients before surgery, which is higher than the incidence in
normal populations. After Heller’s myotomy, gastroesophageal
reflux may occur because of the destruction of anti-reflux
barrier. Our results also showed that the overall incidence of
gastroesophageal reflux was 45.5% in patients undergoing
Heller’s myotomy. In the literature, the corresponding figure
was 25% in those who had undergone esophageal myotomy
in combination with anti-reflux procedure[28].
       In the present study, 3 (1.7%) patients developed squamous
cell carcinoma, while the reported incidence varied between

1.7% and 20%[22,29]. Ribeiro et al[30] indicated that chronic
irritation of the esophagus appeared to participate in the process
of carcinogenesis in patients with achalasia. Although
esophageal emptying has been significantly improved after
Heller’s myotomy, it could not reach normal level because of
the aperistaltic esophagus. For this reason, epithelial hyperplasia
of the esophagus caused by chronic irritation before surgery
may develop into cancer after surgery. Thus, the incidence of
squamous cell carcinoma in achalasia patients who have
undergone Heller’s myotomy is still higher than that in normal
population. For this reason, esophagoscopy should be
performed for achalasia patients before surgery and at
postoperative follow-up to rule out cancer.
      It has been a controversy whether an anti-reflux procedure
should be performed with Heller’s myotomy[31]. In the present
study, the postoperative incidence of gastroesophageal reflux
in patients who underwent Heller’s myotomy in combination
with antireflux procedure was 27.3% compared to 63.6% in
those undergoing Heller’s myotomy only. In addition,
esophagitis was found in 46.7% of patients at postoperative
follow-up, and most of them might be resulted from
gastroesophageal reflux. However, there were no significant
differences in DeMeester and clinical scores between Heller’s
myotomy only and myotomy in combination with antireflux
procedure. Esophageal bleeding resulted from gastroesophageal
reflux occurred in one patient who underwent myotomy alone
and severe dysphagia occurred in 2 patients who underwent
myotomy in combination with anti-reflux procedure due to
scar formation around the abdominal segment of the esophagus.
Therefore, there is no overwhelming evidence to indicate
myotomy in combination with anti-reflux procedure is better
than myotomy only for achalasia, and a large number of patients
should be studied randomly before the dispute is settled. In our
experience, partial rather than total fundoplication should be
performed with myotomy because aperistaltic esophagus has a
poor emptying ability, and total fundoplication hinders
esophageal transit more severely than partial fundoplication does.
     Up to now, modified Heller’s myotomy is still the best
choice for achalasia because of its high rate of symptom relief
and permanent efficacy. Heller’s myotomy in combination with
antireflux procedure could stop gastroesophageal reflux to a
certain extent, but a large number of patients should be studied
randomly to further demonstrate its efficacy.
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Abstract
AIM: To investigate the expression of COX-2 proteins in
gastric mucosal lesions and to assess the relationship
between COX-2 expression and type, pathologic stage,
differentiation, or lymph node metastasis in gastric cancer
and the relationship between COX-2 expression and H pylori
infection in gastric mucosal lesions.

METHODS: Thirty patients with gastric carcinoma
underwent surgical resection. Samples were taken from
tumor si te and paracancerous tissues, and ABC
immunohistochemical staining was used to detect the
expression of COX-2 proteins. H pylori was determined by
rapid urea test combined with pathological stating/14C urea
breath test.

RESULTS: The positive rate and staining intensity of mutant
COX-2 gene expression in gastric cancer were significantly
higher than those in paracancerous tissues (66.7% vs 26.7%)
(P<0.01, P<0.001). There was a significant correlation between
COX-2 and pathologic stage or lymph node metastasis type
of gastric carcinoma (76.0% vs 20.0%, 79.2% vs 16.7%)
(P<0.05). No correlation was found between COX-2
expression and type or grade of differentiation (P>0.05).
COX-2 expression of intestinal metaplasia (IM) or dysplasia
(DYS) with positive H pylori was significantly higher than
that with negative H pylori (50.6% vs 18.1%, 60.0% vs
33.3%) (P<0.05).

CONCLUSION: COX-2 overexpression was found in a large
proportion of gastric cancer tissues compared with matched
non-cancerous tissues and was significantly associated with
advanced tumor stage and lymph node metastasis.
Overexpression of COX-2 plays an important role in tumor
progression of gastric cancer. COX-2 may also play a role in
the early development/promotion of gastric carcinoma and
is associated with H pylori infection.

Yu LZ, Gao HJ, Bai JF, Sun G, Zhao HL, Sun L, Miu K, Zhao ZQ.
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J Gastroenterol  2004; 10(2): 292-294
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INTRODUCTION
Recently, a number of researches show that COX-2 was
expressed at a very high level in gastrointestinal tumors.
However, we know less about COX-2 expression in gastric
cancer, especially the relationship between COX-2
overexpression and typing, degree, differentiation, lymphonic
metastasis of gastric cancer. In this paper, we investigated the
expression of COX-2 proteins in gastric mucosal lesions and
assessed the relationship between COX-2 expression and the
type, pathologic stage, differentiation, or lymph node metastasis
in gastric cancer and the relationship between expression of
COX-2 and H pylori infection in gastric mucosal lesions.

MATERIALS AND METHODS
Materials
Tissue samples were acquired from 30 patients with gastric
cancer diagnosed between April 1996 and March 1998 in our
hospital, including a piece of tumor tissue and a piece of
paracancerous tissue obtained from the surgery. Samples were
then fixed quickly into formalin solution at pH 7.0, embedded
in paraffin and cut into slices (4 µm thick). Slides were used for
HE staining and ABC immunohistochemical staining, the latter
was used to detect the expression of COX-2 proteins. H pylori
was determined by rapid urea test combined with pathological
stating/14C urea breath test.

Methods
ABC immunohistochemical staining  Polycolone antibody
against COX-2 was obtained from Gene Company Limited,
ABC immunohistochemical kits and DAB substrate solution
were from Vector Laboratories Inc, USA. Slides were treated
with 0.01 mol/L citric acid buffer to recover the antigen activity,
and developed with routine ABC immunohistochemical
staining at an antibody concentration of 1:50, and the second
antibody with labeled biotin at 1:200. The negative control
was used with PBS buffer replacing the polycolone antibody,
and positive control was also set up with a tissue sample with
a known positive reaction. The criteria for positive reactions
were as follows: positive staining of COX-2 protein located
within cytosol, but without stain in the nuclears, being palm
yellow to deep palm yellow, even palm red. In evaluation of
the positive activity, the positive cell number and reaction level
were two useful parameters. When over 10% cells were dyed,
it could be considered as a positive expression, and the positive
reaction levels were shown as weakly positive (+), moderately
positive (++) and strongly positive (+++).

Statistics
Statistical analysis system (SAS) software package was used
for χ2 test, and rank sum test for the degree of group data.

RESULTS
COX-2 expression in gastric cancer tissue and paracancerous
tissue
The positive rate and intensity of COX-2 expression in gastric
cancer tissue were all significantly higher than those in
paracancerous tissues (P<0.01, P<0.001, Table 1).



Table 1  COX-2 expression in gastric cancer and paracancerous
tissues

                           COX-2 expression intensityb     Positive
         Number      rated  n (%)

                -           +        ++      +++

Gastric cancer 30         10         4         8         8         20 (66.7)
Paracancerous tissue 30         22         6         2         0           8 (26.7)

bP<0.001 gastric cancer vs paracancerous tissue; dP<0.01 gas-
tric cancer vs paracancerous tissue.

COX-2 expression in gastric mucosa with H pylori infection
COX-2 expression of IM or DYS with positive H pylori was
significantly higher than that with negative H pylori (P<0.05),
(Table 2).

Relationship between COX-2 expression and type, pathologic
stage, differentiation, or lymph node metastasis of gastric
cancer
The relationship between COX-2 expression and type,
pathologic stage, differentiation, or lymph node metastasis of
gastric cancer is shown in Table 3. COX-2 positive expression
in gastric cancer tissue at the developing stage (76.0%) was
significantly higher than that at the early stage (20.0%) (P<0.05).
The positive rate in gastric cancer with lymph node metastasis
(79.2%) was significantly higher than that without lymph node
metastasis (16.7%) (P<0.05). But the COX-2 positive expression
in intestinal gastric cancer (66.7%) was the same as that in
gastric type of gastric cancer (66.7%). The positive rate in
gastric cancer with low or no differentiation (80%) was not
higher than that with high or moderate differentiation (57.1%)
(P>0.05), (Table 3).

Table 3  COX-2 expression in gastric cancer tissues

Groups          Number           COX-2 n (%)

Type
Intestinal type 24 16 (66.7)
Gastric type   6   4 (66.7)
Stage
Early stage   5   1 (20.0)
Developing 25 19 (76.0)a

Differentiation (Intestinal type)
High and moderate 14   8 (57.1)
Low and no differentiation 10   8 (80.0)
Lymph node metastasis
Without metastasis   6   1 (16.7)
With metastasis 24 19 (79.2)a

aP<0.05, developing stage vs early stage;  metastasis vs no
metastasis.

DISCUSSION
New COX isozyme-COX-2, is not expressed in normal tissues,
but expressed at a high level in inflammatory tissues. It has

been shown in animal studies that COX-2 expression can
enhance PGE2 production, which induces cell proliferation
and bcl-2 expression. These can destroy the balance between
proliferation and apoptosis and induce tumors. More and more
studies have shown that COX-2 could express at a high level
in human colorectal tumor[1-5] and other gastrointestinal
tumors[6-8]. COX-2 overexpression was found in well-
differentiated epidermoid carcinoma of the esophagus.
Ratnasinghe[9] studied the COX-2 expression in epidermoid
carcinoma of the esophagus and found that COX-2 expressed
at a high level in well- differentiated tissues, at a low positive
level in the normal esophagus, and negative in poorly-
differentiated tissues. Hao[10] found COX-2 protein expressed
at a high level in adenocarcinoma and adenoma of colon,
compared with normal mucosal tissues. COX-2 mRNA
expressed in tumor tissues at a significantly higher level than
that in normal tissues. There was neither a relationship between
COX-2 protein expression and proliferation degree or volume
of adenoma, nor a relationship between COX-2 expression and
tumor differentiation, Duke’s stage as well as lymph node
metastasis (P>0.05). Interestingly, COX-2 expressed in the
tissues near adenocarcinoma or adenoma at a higher level than
in normal mucosal tissues (P<0.0001), but lower than that in
adenocarcinoma or adenoma itself (P<0.001, P<105).
      It has been found that the positive rate of COX-2 expression
in gastric cancer tissue was 60%-70%[6-8]. Ratnasinghe[6] found
that COX-2 expressed positively in 36% cardia adenocarcinoma
and 60% gastric body adenocarcinoma in his research on 19
patients with cardia adenocarcinoma and 15 patients with
gastric body adenocarcinoma. COX-2 overexpression was
found in most of gastric body adenocarcinoma and some cardia
adenocarcinoma tissues. It is necessary to further confirm the
status of COX-2 expression in gastric cancer tissues, especially
the characteristics of COX-2 overexpression related to typing,
degree, differentiation and lymph node metastasis[11-15]. We
studied the COX-2 expression at gene and protein levels in
tissues with gastric mucosal lesion, and explored the relationship
between COX-2 expression and gastric carcinoma and H pylori
infection at pathological and pathophysiological levels.
      Our study based on 30 tissue samples with gastric cancer
as well as paracancerous tissues showed that COX-2 protein
expressed at a high level in tumor tissues, which was significantly
higher than that in paracarcinoma tissues (P<0.01), and also
significantly higher in tumor tissues (P<0.01). COX-2 positive
expression in gastric cancer tissues at the developing stage
was significantly higher than that at early stage, the positive
rate in gastric cancer with lymph node metastasis was
significantly higher than that without lymph node metastasis
(P<0.05), but the COX-2 positive expression in intestine type
of gastric cancer was the same as that in gastric type of gastric
cancer. The positive rate in gastric cancer with low or no
differentiation was not higher than that with high or moderate
differentiation (P>0.05). Our results were similar to those of
foreign investigators[7,8]. In conclusion, abnormal expression
of COX-2 protein was related to the progress of gastric
carcinoma as well as lymph node metastasis, while it was not
significantly related to the type of gastric cancer and degree of
phatological differentiation[13,15].

Table 2  COX-2 expression in gastric mucosa with H pylori infection,  n (%)

        CG (n=30)           IM (n=19)          DYS (n=11)            GC (n=30)

Hp+ Hp - Hp+ Hp - Hp + Hp - Hp + Hp -

n 25 5 9 11 5 6 11 19
COX-2 2(8.0%) 1(0%) 5(50.6%)a 2(18.1%) 3(60.0%)a 2(33.3%) 8(72.7%) 12(63.5%)

aP<0.05, IM or DYS (H pylori positive) vs IM or DYS (H pylori negative).
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       We also found that COX-2 expression in tissues with H pylori
positive intestinal metastasis or dysplasia was significantly
higher than that in tissues with H pylori negative infection.
H pylori could induce acute and chronic inflammation of gastric
mucosa, and the production of cell factors such as IL-8 and
IL-1β, and the secondary high COX-2 expression which caused
gastric mucosal lesions. H pylori infection could also induce
gastric mucosal cell proliferation by COX-2 expression. COX-
2 gene expression was one of the related factors mediating the
progress from gastritis with H pylori infection to pre-carcinoma
lesions even gastric carcinoma[16,17]. Based on this study,
treatment of H pylori infection and special COX-2 inhibitor
could be useful for the prevention of gastric carcinoma[18].
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Abstract
AIM: To study the therapeutic effects of zhaoyangwan
(ZYW) on chronic hepatitis B and hepatic cirrhosis and the
anti-virus, anti-fibrosis and immunoregulatory mechanisms
of ZYW.

METHODS: Fifty cases of chronic hepatitis B and posthepatic
cirrhosis with positive serum HBsAg, HBeAg, anti-Hbc and
HBV-DNA were divided randomly and single-blindly into
the treatment group (treated with ZYW) and the control
group (treated with interferon). After 3 month treatment,
the effects of the treatment group and the control group
were evaluated.

RESULTS: The serum ALT normalization was 83.3%(30/36)
in the treatment group and 85.7%(12/14) in the control
group, with no significant difference (χ2=0.043, P>0.05).
After the course, the negative expression rates of the serum
HBV-DNA and HBeAg were 44.4%(16/36) and 50%(18/36)
in the treatment group, and 50%(7/14) and 50%(7/14) in
the control group, respectively, with no significant difference
(χ2=0.125, χ2=0.00, both P>0.05). Negative HBsAg and
positive HBsAb appeared in 4 cases of the treatment group
and 1 case of the control group. Serum anti-HBc turned
negative in 6 cases of the treatment group and 1 case of
the control group, respectively. After the ZYW treatment,
serum CD3

+, CD4
+, CD8

+, CD4
+/CD8

+ and NK cell activation
were significantly increased. Only serum CD3

+ and NK cell
activation were significantly increased in the control group
with a significant difference between the two groups. The
serum C4, C1q, C3, B and C9 were significantly increased in
the treatment group. In the control group only the serum C4

was increased. The concentration of serum interferon had
no change after treatment with ZYW, while it was significantly
increased in the control group after treatment with interferon.
The ultrastructure of the liver restored, which helped effectively
to reduce the degeneration and necrosis of hepatic cells,
infiltration of inflammatory cells and hepatic cirrhosis.

CONCLUSION: ZYW is a pure Chinese herbal medicine. It
can exert potent therapeutic effects on chronic hepatitis B
and posthepatic cirrhosis. ZYW has similar therapeutic effects
to those of interferon. It is cheap and easily administered
with no obvious side-effects. It can be widely used in clinical
practice.

Zhang CP, Tian ZB, Liu XS, Zhao QX, Wu J, Liang YX. Effects of
zhaoyangwan on chronic hepatitis B and posthepatic cirrhosis.
World J Gastroenterol  2004; 10(2): 295-298
http://www.wjgnet.com/1007-9327/10/295.asp

INTRODUCTION
HBV is highly prevalent in China. HBsAg-positive rate is
8-10% among young adults, some of them may develop chronic
hepatitis B (CHB), with poor liver function and positive
HBeAg and HBV-DNA. Therefore, it is urgent to improve the
immunity of CHB patients to make the virus unable to replicate
so as to reduce the damage to the liver and to slow down the
progress of CHB to fibrosis and cancer. Anti-virus treatment
is the key point[ 1-7 ], and great attention has been paid to it.
However, no specific therapy has been found. The use of
interferon and lamivudine is clinically limited because they
are expensive and the patients are easy to relapse[ 8-14]. An urgent
issue of top priority is how to treat CHB and other virus
infection with traditional Chinese medicine according to
syndrome differentiation. Insufficienty of experience and the
complexity of the drug ingredients result in the lack of objective
parameters. This study used the proprietary Chinese medicine
of zhaoyangwan (Morning Sun Pill) invented by Professor
Jiang Tingdong. Interferon was used as controls. Fifty patients
with hepatitis B were observed for the changes in liver function,
cellular immunity function, NK cell activity, serum complement,
serum marker of HBV, HBV-DNA, ultrastucture of the liver
and serum interferon before and after treatment with ZYW to
investigate the mechanisms of the anti-virus, anti-fibrosis
activity in the liver and immuno- regulatory of traditional
Chinese medicine and to provide theoretic basis for the
treatment of chronic hepatic diseases with Chinese herbs.

MATERIALS AND METHODS

Materials
The 50 patients were all HBsAg, HBeAg, Anti-HBc and HBV-
DNA positive. Thirty-four were males and 16 females, aged
15 to 57 years, with an average of 38.5 years. They were
classified according to the diagnostic criteria devised on the
Beijing Conference of Infectious and Parasitic Diseases in
1995. Thirty-eight cases were CHB, 22 cases were post-
hepatitis active hepatocirrhosis(in compensation). They had
no such chronic diseases as other types of hepatitis, diabetes
or tuberculosis.

Methods
The 50 patients were divided into zhaoyangwan (ZYW) group
and interferon group (control group). The 36 patients in ZYW
group took orally 2 packs of ZYW a day, one in the morning
and one in the evening, for 3 months. The 14 patients in the
control group were administered intramuscularly with α-
interferon made by Changchun Bio-product Institute, 3 mU
once every other day for 3 months. Vitamins might be added
to the patients in both groups, but no other anti-virus, immuno-
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regulatory or liver enzyme reduction drugs were used during
the treatment. One therapeutic course lasted for 3 months.
Serum marker of HBV, T-cell subgroup, NK cell activity,
contents of serum complement, and level of serum interferon
were examined before and after the treatment, respectively.
The liver function was examined once a week. Liver puncture
and electrodiaphanoscopy were performed for some patients
to observe the ultrastructure of the liver before and after the
treatment.

Assay methods
HBVDNA was assayed with PCR, T-cell sub-group with
direct method of bacterial ring, NK cell activity with MTT
colorimetry, serum compliment with one-direction immunity
diffusion, and serum interferon with ELISA, with reagent
produced by Endogen of USA. The ultrastructure of the liver
was observed under electrodiaphanoscope.

RESULTS

Changes of symptoms and signs before and after treatment
Changes of symptoms and signs in both groups before
treatment (BT) and after treatment (AT) are compared in Table
1, which showed that the symptom disappearance rate (DR)
of the treated group was similar to or higher than that of the
control group, but the sign disappearance rate was lower, with
no statistical significance.

Changes of liver function and serum markers before and after
treatment
Serum glutamic-pyruvic transaminase (ALT) was evidently
improved in both groups. The serum ALT returned to normal
in 83.3% (30/36) of the treated group and 85.7% (12/14) of
the control group. No significant difference was found between

both groups. (χ2=0.043, P>0.05). The negative conversion rate
of HBVDNA and HBeAg in the treated group was 44.4%
(16/36) and 50% (18/36), respectively, while in the control
group, it was 50% (7/14) and 50% (7/14), respectively, with
no significant difference (χ2=0.123, χ2=0.00, both P>0.05).
HBsAg turned negative in 4 cases of the treated group and 1
case of the control group, and their HBsAb turned positive.
Anti-HBc turned negative in 6 cases of the treated group and 2
cases of the control group.

Changes of T-cell sub-group and NK cell activity before and
after the treatment
Serum CD3+, CD4+, CD8+, CD4+/CD8+ and NK cell activity
were significantly increased in the ZYW treated group
(t=8.921-13.380, all P<0.001), while in the control group,
only CD3+ and NK cell activity were significantly increased
(t=7.473, 10.101, P<0.001). The results of the two groups were
significantly different after the treatment (t =6.812-14.108, all
P <0.001), as shown in Table 2.

Changes of serum complement elements before and after
treatment
The five serum complement elements, ie. C4, C1q, C3, BF, and
C9, increased significantly compared with those before the
treatment in the ZYW group (t=4.437-24.330, P<0.001), while
in the control group, only C4 increased (t=5.044, P<0.001).
The results of the two groups were significantly different after
the treatment (t=3.972-12.910, P<0.001), as shown in Table 3.

Changes of serum interferon concentration
The serum interferon concentration changed little in the ZYW
group, while in the interferon group, it rose significantly. The
results of the two groups were significantly different after
treatment (t=2.723, P<0.001), as seen in Table 4.

Table 1  Improvement of symptoms and signs in both groups before and after treatment

            Treated group            Control group
Symptoms and signs   χ2    P

BT              AT               DR(%) BT                AT             DR(%)

Fatigue 29               14                  51.7 12                  6                  50 0.10 >0.05
Abdominal distension 31                 9                  71 13                  5                  61.5 0.375 >0.05
Nausea 12                 7                  41.7   8                  6                  25 0.586 >0.05
Anorexia 23                 6                  73.9 11                  4                  63.6 0.379 >0.05
Hepatic pain 17               10                  41.2   7                  5                  28.6 0.336 >0.05
Sallow complexion 14                 4                  71.4   5                  3                  40 1.564 >0.05
Hepatomegaly 20               12                  40   6                  3                  50 0.189 >0.05
Splenomegaly   9                 7                  22.2   4                  3                  25 0.012 >0.05
Percussion pain of liver 21               12                  42.9   9                  5                  44.4 0.006 >0.05

Table 2  Changes of T-cell sub-group and NK cell activity before and after treatment (%)

n      CD3+      CD4+      CD8+            CD4+/CD8+       NK

Treated group BT 36 47.14±4.76 41.56±5.06 30.10±3.03 1.41±0.24 43.62±5.92
AT 36 57.81±5.83 54.81±5.64ab 23.07±4.47ab 2.49±0.72ab 56.69±5.29ab

Control group BT 14 39.93±5.00 28.38±3.40 23.38±3.40 1.40±0.18 40.36±5.90
AT 14 52.28±7.18b 29.17±1.86 29.17±1.86 1.34±0.88 59.40±4.97b

aThe treated group vs control group after treatment, P<0.001, bResults after treatment vs those before treatment for both groups, P<0.001.

Table 3  Changes of 5 serum complement elements before and after treatment (mg/L)

n           C4                        C1q              C3          BF           C9

Treated group BT 36 339.68±35.40 245.09±47.11    842.13±62.51 220.91±32.84 746.28±62.79
AT 36 529.48±42.49b 349.32±35.01b 1 114.05±218.22b 279.71±52.86b 819.31±103.17b

Control group BT 14 331.84±42.63 240.08±25.32    838.54±44.32 219.56±25.08 715.06±77.58
AT 14 427.57±112.18ab 238.35±23.59a    843.89±50.32a 225.08±26.85a 732.08±51.12a

aThe treated group vs control group after treatment, P<0.001, bResults after treatment vs those before treatment for both groups, P<0.001.



Table 4  Changes of serum interferon concentration before and
after treatment

   Case             BT           AT     t    P
number

Treated group      13    156.25±17.62    155.93±19.76    0.046    >0.05

Control group        8    143.27±21.44    218.72±63.34    3.193    <0.05

After treatment, the serum interferon concentration of the two
groups was significantly different (t=2.723, P<0.05).

Changes of hepatic ultrastructure
Degeneration, necrosis, cholestasis, fibrosis, and lysis of the
organelles existed in different degrees in the liver cells before
treatment, while after treatment, the necrotic cells of the liver
resiled to a certain extent.

Side effects of ZYW
No evident side effects appeared in the ZYW group. Xerostomia
and constipation appeared in one case and slight dizziness in
another case, but they disappeared automatically with the
continuous use of the pills. More side effects appeared in the
interferon group, including influenza-like symptoms,
symptoms of the digestive tract, sore and painful muscles.
However,the patients continued taking their drugs after patient
persuasion of the doctors.

DISCUSSION
Some studies indicated that ZYW had two-way immune
modulation functions[15]. It could improve the function of
Kupffer cells of the liver and the activity of natural killer (NK)
cells. It also could induce interferon to produce antiviral activity
and turn HBeAg negative. We investigated the effects of ZYW
on chronic hepatitis by random single-blind ways. The effects
of three-month short-term therapy were good and the over all
effectiveness was 83.3%(30/36). Some main symptoms such
as fatigue, abdominal distension, nausea, anorexia were
improved or disappeared after the treatment. The effects of
the treatment group were better than those of the control group
and were statistically significantly different. In most patients,
the color of facial skin turned from dark and gloomy to bright
red, with their vigor improved, hepatosplenomegaly improved,
percussive pain of the liver region disappeared and state of
general health apparently improved. Liver function tests turned
normal in half of the patients including 6 patients with slight
jaundice which completely disappeared, and serum bilirubin
turned normal after the three-month therapy. In the control
group, the rate of ALT normalization was 85.7%(12/14) with
no statistical significance compared with the treatment group
(P>0.05). ZYW has some antiviral activity. After the treatment,
the rates of negative conversion of HBVDNA and HBeAg were
44.4%(16/36) and 50%(18/36) in the treatment group. There
was no statistical significance compared with the control group,
in which the rates were 50%(7/14) and 50%(7/14). The HBsAg
of four patients in the treatment group and one patient in the
control group turned from positive to negative and their HBsAb
turned positive. The HBcAb of six patients in the treatment
group and two patients in the control group turned negative.
Therefore, ZYW has high antiviral activity and the effectiveness
is similar to that of interferon. Because the treatment was short-
termed, we did not investigate the incidence of recurrence. If
the course of treatment is lasted for six months, it would have
better efficiency.
     Hepatitis B virus infection is the primary cause of viral
hepatitis. Persistent existence of hepatitis B virus in the body
is the primary cause of chronic hepatitis B[16-19]. Hepatitis B
virus infection leads to chronic hepatitis and persistent damage

to the liver function. Low antiviral immunity of the body and
abnormal immunity modulation are also the primary cause of
chronicity[20-25]. Some studies have found that there are different
degrees of low cellular immunity[26,27], which represent deficient
T cell immunity and decreased activity of NK cells in patients
with chronic hepatitis B and liver cirrhosis. NK cells of the
liver are important to antiviral immunity and against tumor
metastasis[28-31]. Kakimi et al[32] injected lactate(activator of NK-
T cell) into HBV-transgenic mouse and found that interferon-γ
in the liver of the mouse increased, reproduction of HBV
stopped and OK-T cells decreased. They believed that activated
OK-T cells could activate NK cells, release lots of cytokines
and prevent virus from  reproducing. It indicates that NK cell
is important in the process of erasing HBV. The results of our
study showed that there were different levels of modulation
disturbance of cellular immunity, such as elevation of CD3+,
CD4+, CD8+ and decrease of CD4+/CD8+ and activity of NK
cells in the patients of hepatitis B before ZYW treatment. After
ZYW treatment, values of CD3+, CD4+,CD8+ and CD4+/CD8+

and activity of NK cells improved differently, indicating that
ZYW can improve cellular immunity, especially the total amount
of T lymphocyte and function of NK cells. It remains to be further
studied whether it can be used as an activator of NK cells.
      Besides, low cellular immunity, the level of blood complement
decreased differently in patients with chronic hepatitis B. HBV
antigen is highly compatible with liver cells. The complex of
HBV-antibody-complement can damage the liver cells by
activating the typical route as common complexes, or by
adhering to the liver cells as half-antigen through the typical
route of antibody-complement[33]. Our study indicated that low
serum complement was improved differently in patients with
chronic hepatitis B after treatment with ZYW and interferon,
especially in the ZYW treated group.
     Interferon is a broad-spectrum antiviral protein and has
some antiviral activity. It does not kill viruses directly but
prevents viruses from replication by mediating RNA-dependent
PKR or RHA-activated enzyme. Interferon can also improve
phagocytosis of phagocytes and activity of T killer cells and
NK cells[29,34-36]. Our study indicated that the activity of NK
cells was only slightly elevated in some patients and had no
change in patients treated with interferon, indicating that the
immuno-modulating function of interferon is not evident.
Besides, it is difficult for interferon to be widely used due to
its high price and poor tolerance in practice. So other
medications which can modulate and improve immunity are
suggested to be used in conjunction with interferon, which is
mainly used for antiviral treatment.
     Liver fibrosis is a pathologic process in which abnormall
hyperplasia of fibro-connective tissue develops after inflammatory
necrosis has occurred in the liver. The liver can worsen the
inflammatory necrosis by cytokines or microcirculation in the
liver. The activity of lesions in the liver means the activity of
liver fibrosis. Some authors[37] have suggested that drugs that
can prevent or slow down liver fibrosis would cure most of
chronic hepatosis. Thus, preventing or delaying liver fibrosis
and treating viruses are two aspects of chronic hepatitis B
therapy. Today drugs for anti-liver fibrosis are rare and the curative
effect is not certain. Our study found that ultramicrocirulation
in the liver and liver fibrosis were improved differently after
ZYW treatment in patients with chronic hepatitis B and early-
stage liver fibrosis. Since the case number was small, and it
needs to be further studied.
     Patina in ZYW is one of its characteristic ingredients that
is different from other drugs in treating chronic hepatosis in
practice. Modern medicine believes that copper is an important
ingredient for blood-production in the body. Taking appropriate
copper orally can improve retina cells and hemoglobin in the
bone marrow and blood, and stimulate and repair the liver.
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Copper combined with protein in the body produces copper-
protein compounds which can restrain hepatitis viruses and
induce the body to produce interferon. Our results indicated
that the liver function and immunity index of the patients with
chronic hepatitis B were differently improved after ZYW
treatment and the rate of  negative conversion of chronic hepatitis
B markers was similar to that of interferon group. The level of
serum interferon was elevated after ZYW treatment, but the
difference was not statistically significant. Because our case
number was small, this needs to be further investigated. We
believe that ZYW has a good curative effect and fewer side-
effects in treating chronic viral hepatitis. It is also cheap and
can be easily taken. So it can be widely used in practice.
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Abstract
AIM: Intrahepatic extension is the main cause of liver failure
and death in hepatocellular carcinoma patients. The small
GTPase Rho and one of its effector molecules ROCK regulate
cytoskeleton and actomyosin contractility, and play a crucial
role in cell adhesion and motility. We investigated the role
of small GTPase Rho in biological behaviors of hepatocellular
carcinoma to demonstrate the importance of Rho in cancer
invasion and metastasis.

METHODS: Using Western blotting, we quantitated Rho
protein expression in SMMC-7721 cells induced by
Lysophosphatidic acid (LPA). Furthermore, we examined the
role of Rho signaling in regulating the motile and invasive
properties of tumor cells.

RESULTS: Rho protein expression was stimulated by LPA.
Using the Rhotekin binding assay to assess Rho activation,
we observed that the level of GTP-bound Rho was elevated
transiently after the addition of LPA, and Y-27632 decreased
the level of active Rho. LPA enhanced the motility of tumor
cells and facilitated their invasion. Rho played an essential
role in the migratory process, as evidenced by the inhibition
of migration and motility of cancer cells by a specific inhibitor
of ROCK, Y-27632.

CONCLUSION: The finding that invasiveness of hepatocellular
carcinoma is facilitated by the Rho/Rho-kinase pathway is
likely to be relevant to tumor progression and Y-27632 may
be a new potential effective agent for the prevention of
intrahepatic extension of human liver cancer.

Wang DS, Dou KF, Li KZ, Song ZS. Enhancement of migration
and invasion of hepatoma cells via a Rho GTPase signaling
pathway. World J Gastroenterol  2004; 10(2): 299-302
http://www.wjgnet.com/1007-9327/10/299.asp

INTRODUCTION
Hepatocellular carcinoma is one of the most common cancers
worldwide, especially in Asia[1]. It frequently shows early
invasion into blood vessels together with intrahepatic
extensions and later extrahepatic metastasis[2]. A better
understanding of the processes involved in the development
of the metastasis might improve future prognosis by facilitating
treatment strategies.
    Tumor invasion is a complex biological process, during

which tumor cells detach from the primary tumor and infiltrate
the surrounding tissue. This process requires loss of cell
contacts between tumor cells, active cell migration, adhesion
to the extracellular matrix and proteolytic degradation of the
extracellular matrix[3-5]. Rho, a member of the Ras family of
small GTP-binding proteins, has a molecular weight of
approximately 27 kDa and is located under the cell membrane,
potentially functioning in signal transduction pathways[6].
Small GTPase Rho protein is known to work as a molecular
switch for the regulation of signal transduction of intracellular
events related to cell motility, cytoskeletal dynamics, and tumor
progression[7,8]. In the present study, we hypothesized that
Rho protein might be associated with the development of
hepatocellular carcinoma.
     Lysophosphatidic acid (LPA) is a product of phospholipid
metabolism. Exogenous LPA binds to surface G protein-
coupled receptors and its biological activities are mediated in
part by the cytosolic small GTPase Rho[9-11]. The motility of
tumor cells could be regulated by the target of Rho, Rho-
associated coiled-coil forming protein kinase(p160ROCK),
through reorganization of the actin of cytoskeleton[12]. A recently
described specific inhibitor of p160ROCK, the (+)-(R)-trans-
4-(l-Aminoethyl)-N-(4-pyridyl) cyclohexanecarboxamide
dihydrochloride (Y-27632), was reported to inhibit Rho-
mediated cell migration as well as smooth muscle contraction
both in vivo and in vitro[13-15].
      Given the recent interest in the participation of Rho in cell
migration, we analyzed the role of Rho associated signal
transduction pathways during the LPA-induced transmigration
of human hepatocellular cells, and more importantly the activity
of Rho regulated by LPA and inhibitor of p160ROCK.

MATERIALS AND METHODS
Cell lines and treatment
SMMC-7721 cell, originally isolated from a poorly differentiated
hepatocellular carcinoma, was used in all experiments. SMMC-
7721 cell was cultured in modified minimum essential medium
(MEM) containing 2-fold concentrated amino acids and
vitamins supplemented with 10% fetal calf serum (FCS) at
37  in a humidified atmosphere of 5% CO2 in air. The cells
were used within 15-20 passages after the initiation of cultures.
Before each experiment, cells were cultured under serum-free
conditions (in medium containing 0.1% bovine serum albumin)
for 24 h.

Western blot analysis
Cells were starved in serum-free culture medium for 24 h and
subsequently treated with LPA at 37  for various times. The
cells were washed twice with PBS and lysed in ice-cold lysis
buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 1% Triton X-100,
1 mM EDTA, 1 mM EGTA, 2.5 mM sodium pyrophosphate,
1 mM glycerolphosphate, 1 mM sodium orthovanadate, 1 µg/ml
leupeptin, and 1 mM phenylmethylsulfonyl fluoride). The
extracts were centrifuged to remove cellular debris, and
protein content of the supernatants was determined using the
Bio-Rad protein assay reagent. Samples were resolved by SDS-
polyacrylamide gel electrophoresis and transferred to
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Hydbond-P. The transferred samples were incubated with the
anti-rho antibody indicated, and then incubated with HRP-
conjugated IgG, and the immunoblotted proteins were
visualized with ECL reagents.

Rho activation assay
A commercial pull-down assay (Rho activation assay kit,
Upstate) was used to measure the effect of LPA and Y-27632
on Rho activity in SMMC-7721 cells. The cells were washed
twice with modified MEM and incubated in fresh modified
MEM without serum for 24 h, 25 µM LPA with or without Y-
27632 (25 µmol/L) was added and the cell suspension was
centrifuged at the indicated time after LPA addition, and then
the cell pellet was lysed (lysis buffer, Upstate) and the activated
Rho pull-down assay was performed according to the
manufacturer’s protocol. A protein assay was performed prior
to beginning pull-down assay to equalize the total protein
concentration of each treatment group. Positive and negative
controls were also performed according to the manufacturer’s
protocol. Briefly, lysates of cells were preincubated with 100 µM
nonhydrolyzable GTPγS (positive Rho activation) or 100  µM
GDP (negative Rho activation) prior to undergoing precipitation
by the Rhotekin GTP-Rho binding domain.

Morphological changes by Rho-kinase pathway
The cells were cultured in serum-free culture medium, and the
dishes were incubated for an additional period of 24 hours.
LPA (5 µmol/L) was then added to the dishes with or without
different concentrations of Y-27632 (5, 25, 125 µmol/L) and
cultured for 1 hour. The cells were examined using a phase-
contrast microscope.

Cell motility assay
Random motility was determined by using the gold-colloid
assay[16]. Gold colloid was layered onto glass coverslips and
placed into 6-well plates. Cells were seeded onto the
coverslips and allowed to adhere for 1 h at 37  in a CO2

incubator (12 500 cells/3 ml in serum-free medium). To
stimulate the cells, the serum-free medium was replaced with
5% FBS containing LPA (5 µmol/L) with or without Y-27632
(25 µmol/L) and allowed to incubate for 24 h at 37 . The
medium was aspirated and the cells were fixed with 2%
gluteraldehyde. The coverslips were then mounted onto glass
microscope slides and areas of clearing in the gold colloid
corresponding to phagokinetic cell tracks were counted.

Cell invasion assay
Chemotactic directional migration was evaluated using a
modified Boyden chamber[17,18]. In this invasion assay, tumor
cells had to overcome a reconstituted basement membrane by
a sequential process of proteolytic degradation of the substrate
and active migration. Costar transwells (pore size 8 µm) were
coated with matrigel, dried at 37   in an atmosphere of 5%
CO2, and reconstituted with serum-free medium. Cells (3×104)
were plated in the upper chamber in medium containing LPA
with or without Y-27632 and allowed to migrate for 4.5 h.
Nonmigrating cells were removed from the upper chamber
with a cotton swab and migrating cells adherent to the
underside of the filter were fixed and stained with Mayer’s
hematoxylin solution and counted with an ocular micrometer.
All experiments were performed in triplicate, and at least 10
fields/filter were counted. Data were expressed as relative
migration (number of cells/field) and represented as x±s of
at least three independent experiments.

Statistical analysis
All data were expressed as x±s. Statistical analysis was done

by statistical package of SPSS for window release 9.0.
Differences between the mean were tested with the Mann-
Whitney test. P<0.05 was considered statistically significant.

RESULTS
Increase of Rho protein levels as a result of LPA treatment
Using Western blot analysis with Rho polyclonal antibody,
we detected the changes of the level of Rho family protein in
SMMC-7721 cell extracts. The protein level of Rho rapidly
increased within 5 h and reached the nearly maximal level at
25 h after the treatment with LPA, with more than 2-fold
increase over the untreated control value (Figure 1).

Figure 1  Changes in levels of Rho family protein in SMMC-
7721cells induced by LPA. The levels of Rho protein were ana-
lyzed by Western blot analysis. The data shown are expressed
as x±s from three different experiments.

Inhibition of LPA-induced Rho activation by Y-27632
We measured the intracellular levels of the GTP-bound active
form of Rho by the pull-down assay system[19]. Activated GTP-
Rho was precipitated by the Rho-binding domain of Rhotekin,
a downstream Rho effector that specifically binds to only
activated GTP-Rho[20]. The level of GTP-bound Rho was
elevated transiently after the addition of LPA and reached the
peak level at 30 min after LPA addition, whereas Y-27632
decreased the level of active Rho. Since the total amount of
Rho in each lysate was almost constant, Y-27632 inhibited
Rho activation. This result was controlled by equalizing the
harvested protein levels from each treatment with an
appropriate dilution of buffer determined by a protein
concentration assay prior to beginning the pull-down assay. A
positive and negative control for active or inactive Rho was
also performed in parallel. Lysates of cells were preincubated
with nonhydrolyzable GTPγS (positive Rho activation) or GDP
(negative Rho activation) prior to undergoing precipitation by
Rhotekin. Similar levels of active Rho were detected in cells
grown on LPA and in cells incubated with GTPγS. Thus, the
result indicated that LPA might stimulate an increase in
activated Rho and Y-27632 might inhibit the activation of Rho.

Morphological changes induced by Rho-kinase inhibitor and
LPA
The effect of Y-27632 on morphologic changes induced by LPA
in serum-starved SMMC-7721 cells was observed under a phase-
contrast microscope. In serum starvation, cells formed relatively
cohesive colonies, and after addition of LPA, they formed
dissociated and scattered lamellipodial extensions at the cells’
edges. Addition of Y-27632 at a concentration of 25 µmol/L or
more inhibited these LPA-induced morphologic changes, and
SMMC-7721 cells remained cohesive with each other.

Inhibition of LPA-induced motility and invasion by Y-27632
To evaluate the effect of Rho-mediated cellular motility, we
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assessed the treated cell line in colloidal-gold random motility
assay. Cells were seeded onto glass coverslips overlaid with a
gold colloid and stimulated with LPA to induce motility.
Discernable and quantifiable tracks were left as the cells moved
and phagocytized the gold colloid. As determined by the trypan
blue dye exclusion assay, the reduction in cell motility was
not caused by a decrease in the number of viable cells. At 24 h
after stimulation, the cells treated with LPA were 2.2 fold more
motile than their untreated counterparts (P<0.01) and Y-27632
significantly suppressed the LPA-induced motility (Figure 2).
     As shown in Figure 3, when the cells were tested for their
ability to invade through a matrigel-coated filter in response
to a chemoattractant, the LPA-treated cells were 2.3 fold more
invasive than the untreated cells. Addition of Y-27632 at a
concentration of 25 µmol/L significantly inhibited the LPA-
induced invasion (P<0.01). Taken together, these data suggested
that treatment of SMMC-7721 cells with Y-27632 could lead
to the inhibition of LPA-mediated motility and invasion.

Figure 2  Tumor cell random motility determined by gold-col-
loid assay. Cells were seeded onto the coverslips and allowed
to adhere for 1 h and then incubated in FBS containing LPA
with or without Y-27632 for 24 h. The areas of clearing in the
gold colloid corresponding to phagokinetic cell tracks were
counted and represented as x±s from triplicate experiments.
aP<0.01 LPA treated cells vs SMMC-7721 control cells, bP<0.01
Y-27632 treated cells vs LPA treated cells.

Figure 3  Inhibition of LPA-induced tumor cell invasion by Y-
27632. Serum-starved cells were seeded onto porous filters.
After incubation of the filters with Y-27632 in the presence of
LPA 25 µM for 4.5 h to permit penetration of the cells,
nonmigrating cells were removed from the upper chamber and
migrating cells adherent to the underside of the filters were
counted in a minimum of 10-high power fields. Data were
expressed as relative migration (number of cells/field) and
represented as x±s from triplicate experiments. aP<0.01 relative
to SMMC-7721 control cells.

DISCUSSION
Generally, metastasis has been found to be a multistep process,
which includes detachment of cancer cells from primary tumor,
migration, adhesion and invasion of cancer cells into the blood

or lymphatic vessels, extravasation out of the vessel, and
finally, interactions with the target tissue and the formation
of metastastic foci in distant organs[21,22]. In spite of recent
advances in diagnostic and therapeutic methods, the prognosis
of HCC patients with intrahepatic metastasis was poor[1].
Accordingly, analysis of the mechanism of the migration of
cancer cells might lead to new strategies for preventing the
progression of hepatocellular carcinoma. The molecular and
cellular mechanisms of intrahepatic metastasis have not been
fully understood, although cell motility mediated by Rho
signaling pathway was recently shown to play a critical role in
metastasis of various tumor cells.
     Rho is a small GTPase that was found to play an essential
role in a variety of cellular processes[6,23]. The active GTP-bound
form was involved in cytoskeletal responses to extracellular
signaling pathways, resulting in the formation of stress fibres
and focal adhesions[24]. Other Rho effects included important
roles in signaling pathways that control gene transcription, cell
cycle regulation, apoptosis, and tumor progression[25]. Rho
proteins could oscillate between an active GTP-bound state
and inactive GDP-bound state. The ratio between these two
forms is regulated by two classes of proteins: GTPase-activating
proteins (GAPs), which promote hydrolysis of GTP bound to
the active form and accumulation of the inactive GDP-bound
form, and guanine nucleotide exchange factors (GEFs), which
promote the exchange of GDP for GTP and therefore induce
accumulation of the activated GTP-bound form. In resting cells,
inactive GDP-bound Rho proteins were found in the cytosol
in complex with another class of regulatory proteins, nucleotide
dissociation inhibitors (RhoGDIs). Upon activation, dissociation
of RhoGDIs from the complex was required to enable interaction
with GEFs and exchange of GDP for GTP[26,27]. To exert their
function, activated Rho proteins need to associate with the cell
membrane and this in turn depends on their posttranslational
modification.
     It has been demonstrated that the role of Rho in inducing
the invasion could be substituted for by one of its downstream
effectors, the Rho-associated kinase (ROCK)[28]. Invasion by
tumor cells is a process composed of proteolytic degradation
of extracellular matrix barriers and the migration of the cells
through the modified region. Contraction of the actomyosin
system is important for cell migration, and ROCK regulates
the myosin light chain (MLC) phosphorylation by direct
phosphorylation of MLC and by inactivation of myosine
phosphatase, which was found to result in an increase in
actomyosin-based contractility[29,30]. Lysophosphatidic acid is
a simple phospholipid that nonetheless has the properties of
an extracellular growth factor, mediating diverse cellular
responses through the activation of multiple signal transduction
pathways. LPA could trigger actin-cytoskeletal events through
Rho GTPases, thereby influencing transcellular migration[31].
LPA could induce MLC phosphorylation through Rho activation,
leading to the stimulation of cell contractility and motility of
fibroblasts and cancer cells[32].
     Overexpression of Rho family members increases migration
and invasion in various cell lines and culture models, this
suggests that such an overexpression in carcinomas might
profoundly affect metastatic potential in vivo[33]. The result of
Western blot showed that the level of activation of Rho was
augmented by LPA. In our study, we extended this observation
by providing the evidence that a specific inhibitor of Rho
kinase, Y-27632, could inhibit LPA induced Rho activation
by GTP-bound Rho pull-down assay. The Rho pathway through
a G protein-coupled receptor appeared to be an important
process of LPA-mediated signaling.
     Y-27632 had an excellent selectivity to inhibit Rho-kinase
as compared to other kinases, such as protein kinase C and
myosin light-chain kinase in a cell-free system[34]. Thus, Y-
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27632 is a powerful tool to investigate the role of the Rho/
Rho-kinase system, especially in vivo, although more potent
Rho-kinase inhibitors have been synthesized[35]. Y-27632 was
reported to inhibit transcellular invasion and reduce the extent
of local peritoneal metastases by MM1 rat hepatoma and also
in vivo dissemination of prostate cancer cells[36]. In the present
study, Y-27632 blocked LPA -mediated SMMC-7721 cell
transmonolayer invasion, suggesting the essential role of Rho–
Rho kinase pathway in LPA -mediated cell migration. We also
observed that Y-27632 induced morphological changes in
SMMC-7721 cells, characterized by remaining relatively
cohesive colonies, suggesting that Rho-kinase was necessary
as a downstream effector of Rho for cell morphologies. Previous
reports also demonstrated that Y-27632 inhibited LPA-induced
morphologic changes in various cell lines in vitro.
    As cell migration, invasion, cellular proliferation, and
survival are advantageous to tumor cells for the formation of
metastases, the finding that invasiveness of hepatocellular
carcinoma is facilitated by the Rho/Rho-kinase pathway is
likely to be relevant to tumor progression and the Rho/Rho-
kinase may be useful as a prognostic indicator and also in the
development of novel therapeutic strategies. Y-27632 may be
a new potentially effective agent for the prevention of
intrahepatic extension of human HCC.
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Abstract
AIM: Gallstone disease is increasing in sub-saharan Africa (SSA).
In the west, the majority of stones can be dissolved with bile
salts, since the major component is cholesterol. This medical
therapy is expensive and not readily accessible to poor
populations of SSA. It was therefore necessary to analyze the
chemical composition of biliary stones in a group of patients,
so as to make the case for introducing bile salt therapy in SSA.

METHODS: All patients with symptomatic gallstones
were recruited in the study. All stones removed during
cholecystectomy were sent to Houston for x-ray diffraction
analysis. Data on age, sex, serum cholesterol, and the
percentage by weight of cholesterol, calcium carbonate, and
amorphous material in each stone was entered into a pre-
established proforma. Frequencies of the major components
of the stones were determined.

RESULTS: Sixteen women and ten men aged between 27
and 73 (mean 44.9) years provided stones for the study.
The majority of patients (65.38%) had stones with less than
25% of cholesterol. Amorphous material made up more than
50% and 100% of stones from 16 (61.53%) and 9 (34.61%)
patients respectively.

CONCLUSION: Cholesterol is present in small amounts in
a minority of gallstones in Yaounde. Dissolution of gallstones
with bile salts is unlikely to be successful.

Angwafo III FF, Takongmo S, Griffith D. Determination of chemical
composition of gall bladder stones: Basis for treatment strategies
in patients from Yaounde, Cameroon. World J Gastroenterol  2004;
10(2): 303-305
http://www.wjgnet.com/1007-9327/10/303.asp

INTRODUCTION
Biliary lithiasis has been a common disease in Europe and the
USA for decades. Over half of the cases are asymptomatic,
usually detected by an abdominal ultrasound[1]. For a very long
time, biliary stone disease was said to be rare in Sub-Saharan
Africa (SSA). Archampong reported a 0.4% prevalence of all
admissions in the Korle Bu Teaching Hospital in 1969 in
Ghana[2]. Today the prevalence of gallstone disease has increased
considerably with the widespread use of ultrasonography[3].

This increase has also been observed in African populations
of Jamaica[4] and SSA[2,5].
      Many studies to identify risk factors for biliary lithiasis in
the West have focused on hypersaturation of cholesterol in
bile in the nucleation process, a critical step in the genesis of
bile stones[1,6]. The high concentration of cholesterol in
gallstones has been the basis for the widespread use of bile
acids, a nonsurgical treatment for the dissolution of gall bladder
stones. These stones account for as much as 80% of Western
stones[6]. Unfortunately, gall bladder stone composition is
heterogeneous, and differs within and without populations
around the world[3-8].
      The increasing frequency of biliary stones in SSA, with its
different epidemiological factors and diseases, prompted us to
carry out a chemical analysis of gallstones. This study would
demonstrate the role of cholesterol in our stones and therefore
the necessity of using bile salts for gall stone dissolution in SSA.

MATERIALS AND METHODS
This was a cross-sectional study of a series of stones removed
from patients at the University Hospital Center (UHC) of the
University of Yaounde I from January 1, 1989 to December
31, 1998. All stones removed during surgery were placed on
sterile gauze to air dry, transferred into a paper envelope bearing
the name, age, and sex of the patient as well as the date. The
first batch of stones from 19 patients was sent to the Urolithiasis
laboratory in Houston, Texas in January 1996. A second
collection of stones from 7 patients was sent to the same
laboratory in May 1999.
     All stone specimens were first examined for shape, size,
and color. They were classified as cholesterol, black or brown
pigmented stones, examined under a polarized microscope. The
composition of the nidus, the internal and external shells was
determined by X-ray diffraction as described previously[9]. The
percentage of cholesterol, calcium carbonate, and amorphous
material such as black bilirubinate, black phosphate, glycoproteins
and salts was determined. A descriptive analysis was done for
stones from each patient. Patients who were able to pay for a
serum cholesterol assay did so. Hemoglobin electrophoresis
was not asked in this mainly adult population who did not
give histories of sickle cell disease or crisis.

RESULTS
Patient population
There were 26 Cameroonian patients, all black Africans, aged
between 27 and 73 years (mean 44.9 years). There were 16
women and 10 men, a 1.6 female to male sex ratio. The men
were aged between 36 and 62 years whereas 6 women were
less than 35 years (23.07%). All our patients resided in the
city. They consumed mainly an African traditional diet made
of local vegetarian menus mixed with imported processed
Western items such as rice and wheat. The serum cholesterol
level was normal in all 10 patients who did it.

Stone analyses
The percentage of cholesterol in the stones by weight is
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depicted in Table 1. Seventeen patients (65.38%) had stones
with less than 25% cholesterol. Of these, 11 (42.30%) had
cholesterol free stones. Seven patients (26.92%) and 9 others
(34.61%) had stones with 50% and 80% cholesterol content,
respectively.
       Calcium carbonate was detected in stones from 4 (15.38%)
patients, three of whom were female. Two of these females
had mixed stones containing cholesterol, calcium carbonate
and amorphous material.
     Table 2 shows the distribution of amorphous material by
weight in these stones. Stones from 16 (61.53%) patients
contained more than 50% amorphous material. The entire stone
was made of amorphous material in 9 (34.61%) cases.

Table 1  Percent by weight of cholesterol in the gallstones from
26 patients

% by weight Males           Females                 Patient (%)

0     6   5 11 (42.30)
<25     1   5   6 (23.07)
> or  =25 and <50     0   0   0
> or  = 50 and <80     1   1   2 (7.69)
> or  = 80 <100     0   4   4 (15.38)
100     2   1   3 (11.53)

  10 16 26 (100)

Table 2  Percent by weight of amorphous material in the gall-
stones from 26 patients

% by weight Males          Females              Patient (%)

0      2   1   3 (11.53)
<25      0   5   5 (19.23)
> or = 25 and <50      1   1   2 (7.69)
> or = 50 and <80      1   0   1 (3.84)
> or = 80 and <100      0   6   6 (23.07)
100      6   3   9 (34.61)

   10 16 26 (100)

DISCUSSION
The results from this hospital-based nonrandomized study
cannot be extrapolated to the community due to several
limitations. In this group there were no children. Yet, it is
known that children with hemolytic diseases develop
cholesterol-poor, bilirubin-rich gallstones[2]. Even in children
without hemolytic disease, the composition of gallstones was
different from those of adults in Leeds, England[7]. Limitations
to recruiting a potentially representative population of patients
include poverty, in the absence of a financial scheme for health
care coverage, ignorance and cultural factors that dissuade
people from attending hospital services. Nonetheless, this pilot
study permits us to raise the hypothesis that dissolution of gall
bladder stones with bile salts is not a cost-effective alternative
to surgical treatment.
      A recent series of biliary lithiasis revealed a 4-fold increase
of symptomatic gall bladder stone disease in Ghana from 1966-
1999. This series also reported that the majority of Ghanaian
stones were not cholesterol rich. Furthermore, cholesterol
stones were more common in females and only 34% of their
stones contained 75% or more of cholesterol by weight. They
also showed that the external appearance of the stone was a
poor predictor of its composition[2]. This means that even in
the poorer regions of the world, such as Sub-Saharan Africa,
all attempts should be made to chemically analyze stones.
     The treatment of gallstone diseases runs the gamut from
bile salts dissolution, to fragmentation with laser[10], pulverization
with extracorporeal shock wave lithotripsy[11], endoscopic

extraction, and classical surgery, whereas noninvasive medical
therapy is appealing, bile acid therapy is only effective in some
cholesterol gallstones. Bile acids are not effective in treating
calcium bilirubinate or calcium carbonate/phosphate stones. It
is therefore imperative that the composition of the stone be
determined to tailor treatment for the individual patient[12].
      To determine stone composition, there are many possibilities
offered by different technologies. On simple X-ray, radiologically
undetectable stone calcification reduces the probability of
dissolution and calcified structures appearing in stones during
treatment are composed of calcium carbonate. A radio-opaque
stone would suggest that medical therapy is unlikely to succeed.
Stone composition is also determined on computed tomography.
Results from polarizing microscopy of gall bladder bile suggest
that the presence of cholesterol crystals is a sensitive measure
of cholesterol and vaterite microspheroliths confirm presence
of calcium carbonate in the gallstone[13].
    In the less technically developed areas the chemical
composition of stones was determined from its external
appearance. This has been shown to be inaccurate. Frequently
the stones are homogenized and chemically analyzed. Our
stones were analyzed with X-ray diffraction where cholesterol,
calcium carbonate, and amorphous material were detected.
The components of the amorphous material (bilirubine,
glycerophosphates and bile salts) were not identifiable on X-
ray diffraction. Infra-red spectroscopy and scanning electron
microscopy were used to show that black and brown pigment
gallstones differ in microstructure and micro-composition,
suggesting that they form by different mechanisms. Black
carbonate and brown stones layered structure suggests that
stone growth is dependent on cyclical changes in biliary
substances[14]. This may explain the permissive or causal role
endogenous hormones have in gallstone formation[15] Stone
formation begins with nucleation where the interaction of
pronucleators and antinucleators leads to formation of cholesterol
crystals and these develop into gallstones[6,16]. Hepatic cholesterol
hypersecretion is associated with the increased unsaturated
fatty acid proportion in biliary phospholipids and gallbladder
mucin secretion, thereby causing rapid crystal nucleation[17].
It is evident that gallstone disease has a multifactorial causation,
including gall bladder infection,[18] decreased gall bladder
motility after surgery for obesity and/or weight loss[19], ileal
disease (Crohn’s) [20],  hemolytic diseases [2],  familial
hypercholesterolemia[21], and metabolic defects in hepatic
bilirubin glucuronidation[22].
     A shortcoming in our study is the absence of hemoglobin
electrophoresis in a population where the prevalence of the
sickle trait varies between 10% and 20 % and that of the disease
is about 1%[2]. We did not explore many of the risk factors
mentioned above largely due to technical and financial
limitations. The absence of calcium in the stones of 22 (84.61%)
patients correlates with a small number of gallstones detected
on plain X-ray of the abdomen in our region. The extremely
infrequent occurrence of pure cholesterol gallstones is a strong
argument against the introduction of oral dissolution agents in
SSA.

CONCLUSION
There is a corresponding variation in prevalence of cholesterol
rich stones as a variation in composition of gallstones. This
variation seems to be related to genes and the environment.
Stone composition determines the therapeutic approaches in
each locality. This pilot study suggests that oral bile salt
dissolution therapy would not be effective in 70% of our
patients. As populations in SSA undergo epidemiologic
transition from infectious diseases to noncommunicable
diseases, there will be increasing prevalence of biliary lithiasis.
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Abstract
AIM: To evaluate if HB vaccination can yield a booster effect
on the anti-HBs level of those naturally acquired HBV positive
markers.

METHODS: Sera were collected from 1399 newly enrolled
university students aged between 18-20 years at the
entrance medical examination in 2001. Forty-four students
(28 males and 16 females) with positive serum anti-HBs
and anti-HBc markers served as an observation group and
another 44 students (24 males and 20 females) without any
HBV markers as the control. HB vaccination was given to all
the students without positive serum HBsAg according to 0,
1, 6 month regimen and the peripheral venous blood was
sampled from those of both observation and control groups
for anti-HBs detection one month after the second and third
doses. Anti-HBs levels were measured by ELISA.

RESULTS: The seroconversion rate of anti-HBs in the control
group was 100% after the second dose, but the geometric
mean titers (GMTs) were low. The tendency of serum anti-
HBs changes after the 3rd dose was completely different
between the two groups. Although more than half of those
with positive anti-HBs and anti-HBc showed a mild increase
of anti-HBs levels after the 2nd boosting dose (mean anti-
HBs level was 320:198 mIU), but the increase of serum
anti-HBs titer was much smaller than that in the control
group. The averages of their initial serum anti-HBs levels
and the levels after the 2nd and 3rd doses were 198, 320 and
275 mIU respectively. All the subjects from the control group
had an obvious increase in their serum anti-HBs levels which
was nearly 4 times the baseline level (302:78 mIU).

CONCLUSION: HB vaccination can not enhance anti-HBs levels
in those with positive serum anti-HBs and anti-HBc markers.

Wang RX, Guo Y, Yang CH, Song Y, Chen J, Pang FS, Lei SP, Jia

XM, Wen JY, Shi CY. Can HB vaccine yield a booster effect on
individuals with positive serum anti-HBs and anti-HBc markers?
World J Gastroenterol  2004; 10(2): 306-308
http://www.wjgnet.com/1007-9327/10/306.asp

INTRODUCTION
HB vaccination program has been well developed for neonates
and younger adults in China. Nowadays, according to Chinese
regulation all the newly enrolled university students are
required to have their blood detected for HBsAg and those
with negative HBsAg are eligible to receive HB vaccination.
Since it has been well demonstrated that an additional dose
can induce a booster effect on vaccinees’ serum anti-HBs titers,
it is natural for most people to get the idea that the more doses
they get, the more benefits they will gain. Our previous survey
in a group of university students showed that HBsAg carrier
rate in those of the 18-20 age group was about 4-6% and when
gained entrance to the university more than 50% students with
positive serum anti-HBs or anti-HBc or both were vaccinated
each year. Is it necessary to vaccinate the people with positive
anti-HBc and anti-HBs markers? To answer this question, we
followed up the newly enrolled students from a university to
observe the changes of their serum anti-HBs titers after HB
vaccination, especially those with positive serum anti-HBs and
anti-HBc markers before. The changes of serum anti-HBs titers
in students without any HBV markers before the vaccination
were observed after HB vaccination as the experimental
control. The results might be helpful for the establishment of a
scientific, reasonable and economic vaccination program
against HBV infection in the adult population.

MATERIALS AND METHODS

Reagents
Ten µg of yeast recombinant HB vaccine (Lot No: 2990104-1)
was produced in Kangtai Biological Pharmaceutical Company,
China. ELISA kits of HBV markers were from Sino-American
Biotechnology Company, Luoyang, China. ELISA kit of
Measles antibody was provided by Institute of Virus, Chinese
Center of Disease Control and Prevention, Beijing, China.

Subjects and vaccination methods
Forty-four students with positive serum anti-HBs and anti-HBc
and 44 without any HB markers who experienced a regular
medical examination in one college were selected to be
investigated after vaccinated with HB vaccine according to 0,
1, 6 month scheme, in which the vaccine was intramuscularly
injected into the deltoid muscle. All the subjects were also
injected measles vaccine one week before the first dose of HB
vaccination. An informed consent was given by each participant
before the beginning of observation.

Determination of serum anti-HBs antibody
Serum anti-HBs antibody was measured respectively at one



month after the 2nd and 3rd doses of HB vaccine. The sera were
randomly chosen from 35 subjects with positive anti-HBs and
anti-HBc to measure the antibodies (IgG) to both measles and
HBsAg according to the manufacturer’s instructions. The
resulting value was determined according to Holliger formula:
mIU=418×[EXP×0.9(S-N)/(P-N)-1] in the light of OD values.
mIU of anti-HBs titers greater than 10 was considered as positive
anti-HBs. t test was used to compare GMTs between groups
and the difference was considered significant when P<0.05.

Table 1  Comparison of booster effect on anti-HBs levels be-
tween two groups

          Anti-HBs (anti-HBc pos.)      Anti-HBs (anti-HBc neg.)

No.            Before    After 2nd   After 3rd          No.       After 2nd   After 3rd

          dose dose          dose          dose

23338         161          578  362       22404         48 471

23306         266          293  163       13236         25 268

23310         406          295  293       13240         45 598

23304         168          417  337       24332         48 324

23116           44            86    76       24327         63 144

23140           30            37    43       24311       186 314

23139         372          456  344       24105       344 656

23129         309          459  225       17239       135   83

23105         145          451  461       17238         58 253

23119         162          269  252       17226         83 598

27138         592          387  533       17214         53 384

27128         406          494  449       23240         63 268

27130         341          272  199       23201         40 370

27103         182          148  145       23141       201 340

27137           53          328  211       23108         26 512

27001         326          424  269       17129         22 970

27109           99          122  116       17125       178 318

27133         573          373  316       17122         45   22

27120         151          420  207       17118         78 466

22222         115          438  588       17108       236 414

22225         442          417  338       17106         88 350

22214         283          293  466       17102       197 264

22206         176          282  208       13139       186 291

22205         547          275  377       13129         17 158

22201         183          193  158       13126         73 264

24120         128          558  393       13125         93 191

24107         239          356  257       13118         17 176

24140           35          426  409       13114         53 263

24141         212          275  231       13108       216 280

22138         392          534  659       13107         35 338

22130         660          643  504       13102       130 252

13214         247          331  244       13101       113 216

13223         491          315  176       14130       320 520

23235         106          232  199       14131         65 407

24137         108          472  280       14129       320 365

22202           61          205  253       18302         30   63

18238         244          302  303       18310         73 336

23322         422          463  503       16119         53 395

18223         333          314  389       16112         30 370

25122         355          315  286       16122       200 375

25139         206          361  337       16104         45 420

25129         116          391  303       16108         30 365

25121           38          119  204       16107       441 476

18220           65          507  506       16110       107 499

Total GMT   198          320  275       GMT         78 302

RESULTS
Anti-HBs titers before and after HB vaccination in those with
positive anti-HBs and anti-HBc
The tendency of serum anti-HBs changes after the 3rd dose
was completely different between the two groups. Although
more than half of those with positive anti-HBs and anti-HBc
markers showed a mild increase of serum anti-HBs titer after
the 2nd booster dose, the increase of serum anti-HBs titer (mean
anti-HBs level was 198:320 mIU) was much smaller than that
in the control group, in which 100% subjects had an obvious
increase in their serum anti-HBs levels which was nearly 4
times their baseline (302:78 mIU).
      It was interesting to note that the serum anti-HBs levels
did not change in most of the subjects with positive anti-HBs
and anti-HBc markers after the 3rd dose. The mean serum anti-
HBs level of the baseline, after the 2nd and 3rd doses was 198,
320 and 275 mIU (Table 1) respectively.

Effect of a boost dose on antibody titers of HBsAb and
measles Ab
In order to confirm that all the subjects in this study had a
normal immune competence, the serum antibodies to measles
were detected in 35 subjects and an increased antibody level
was observed in 91.4% (32/35) subjects after a booster dose.
A comparison of antibody levels before and after a booster
dose was made and the difference was statistically significant
(P<0.05, Table 2).

Table 2  Effect of a boost on antibody titers of HBsAb and
measles Ab

          A-HBsAb           B-HBsAb           C-HBsAb          MealsesAb
Boost
                 No.    GMT         No.    GMT       No.    GMT        No.   GMT

Before       44       198           44       198          44         78          35        322
After         44       320           44       275          44       302          35     1 207

Comparison of anti-HBs induced by HB vaccination before and
after a boost in HBV negative group, P<0.05.

DISCUSSION
Hepatitis B vaccination has been implemented for 20 years,
however, the disease remains a global problem[1-4]. Although
the safety and efficacy of HB vaccine have been well
demonstrated[5-16], few papers regarding the immune response
of those with positive anti-HBs and anti-HBc to HB vaccination
are available. In this study, we observed if a booster effect and
a better protection against HBV infection could be obtained
after HB vaccination in those with positive serum anti-HBs
and anti-HBc markers.
       It has been well demonstrated that the HB vaccine-induced
antibody might gradually decline or was even undetectable
some years after primary immunization[17-20]. It is not clear if
such persons could be protected against HB infection following
exposure to HBV[21]. Although some studies have proved that
memory cells to HBsAg might exist in vaccinees for a long
time even the serum anti-HBs was undetectable[19,22,23]. Whether
additional booster doses should be used has been under
discussion[17-20,23-25]. Considering the available data on measles
vaccine, which showed that loss of detectable antibody following
vaccination was correlated with the waning of immunity[26], a
booster HB vaccination might be necessary.
     Our data revealed that the serum anti-HBs levels in the
subjects with positive serum anti-HBs and anti-HBc markers
did not significantly increase one month after the 2nd dose of
HB vaccination. Although a mild increase was seen in some
cases, the elevation of serum anti-HBs levels in the observatory
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group was much less than that in the control in which 100%
subjects had an obvious increase of serum anti-HBs levels that
was nearly 4 times their baseline. After the 3rd dose, anti-HBs
levels remained unchanged in most of the subjects with positive
serum anti-HBs and anti-HBc markers compared with that in
the control, in which a sharp increase of serum anti-HBs levels
was observed after the 3rd dose. The phenomenon might be
related to the following possibilities. First, the subjects with
positive serum anti-HBs and anti-HBc markers before the
vaccination might not be in a normal condition of immune
competence during the observation period. In the present study,
their increased response to measles after the booster dose
was observed in 91.4% (32/35) subjects. Because measles
vaccination has been well practiced in China and normally all
the subjects have to be vaccinated in their early age, the
increased immunological response could prove that the subjects
had the normal immune competence. Second, the immune
response to viruses can damage the host via the formation of
immune complexes, or directly damage the infected cells. Thus,
the poor response to the HB vaccine might probably relate to
the damage caused by HBV before the vaccination.
     HB vaccination program is implemented in children and
adults in China. But the problem is that our current vaccination
regimen is not completely suitable for adult vaccination. An
appropriate vaccination program for the adult population has
to be established to prevent the prevalence of HBV. Our
results indicate that it is not necessary to vaccinate those with
positive serum anti-HBs and anti-HBc because no significant
increase of anti-HBs titers was observed after a standard HB
vaccination. It suggests that the vaccine-induced anti-HBs can
not be elevated in those infected with HBV naturally before
the HB vaccination.
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